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TRANSLATOR'S  PREFACE 

In  this  translation  the  original  text  has  been  adhered  to  as  faithfully  as 
possible,  even  where  the  views  or  explanations  of  the  author  are  not  such  as 
would  meet  with  unqualified  acceptance  by  all  chemists.  Where  it  seemed 
especially  desirable  a  Translaior's  Note  has  been  interpolated  as  such. 

Prices  have  generally  been  given  in  English  currency  per  ton,  where  the 
substance  in  question  is  sold  in  large  quantities,  and  in  English  currency 
per  kilogramme  in  the  case  of  fine  chemicals  ;  the  pound  sterling  has  been 
taken  as  equal  to  twenty-five  lire. 

Temperatures  are  always  given  in  Centigrade  degrees,  and  it  has  not 
been  considered  necessary  to  add  the  abbreviation  **  C."  In  the  case  of 
other  abbreviations  for  units  of  volume,  mass,  &c.,  the  abbreviations 
in  the  Chemical  Society's  and  Society  of  Chemical  Industry's  recognised 
Journals  have  usually  been  follow*ed. 

The  decimal  system  of  weights  and  measures  has  been  retained  throughout, 
the  decimal  and  English  tons  being  practically  identical  for  the  purposes 
for  which  they  are  used  in  this  w^ork. 
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PREFACE  TO  THE  THIRD  EDITION 

In  this  new  edition  almost  all  the  more  important  chapters  of  the  book  have 
been  revised.  Thus  certain  sections,  such  as  those  on  cement,  superphosphates, 
the  utilisation  of  atmospheric  nitrogen,  white  lead,  steel,  and  water  (including 
appendix  at  the  end  of  the  volume)  have  been  considerably  amplified  on 
account  of  the  practical  and  theoretical  importance  of  these  subjects,  which 
increases  daily.  The  chapter  on  cement,  for  example,  may  be  useful  in  giving 
some  idea  of  the  various  chemical,  mechanical,  and  economic  problems  which 
are  to-day  involved  in  chemical  industry  on  a  large  scale. 

The  statistics  have  been  brought  up  to  date  so  that  they  may  offer  to 
the  reader  a  summary,  which  is  sometimes  very  suggestive,  of  the  progress 
and  circumstances  of  the  principal  chemical  industries  of  Italy  and  other 
countries. 

In  this  third  edition,  apart  from  the  inclusion  of  various  analytical  methods 
of  testing  the  more  important  chemical  products,  numerous  patents  have 
been  cited,  because,  apart  from  the  new  processes  or  new  practical  successes 
which  are  often  embodied  in  them,  they  always  contain  a  new  idea  which 
tends  to  advance  the  progress  of  chemistry  in  its  practical  applications.  In 
these  references  we  have  cited  the  German  patents  by  preference  because, 
as  is  well  known,  these  are  controlled  by  a  special  technical  commission, 
which,  with  rare  exceptions,  ensures  that  they  are  to  be  taken  seriously,  an 
assurance  which  is  often  wanting  in  the  patents  granted  by  other  countries 
without  any  such  guarantee. 

The  book  thus  amplified  will  perhaps  be  better  capable  of  enabling 
the  young  chemist  to  prepare  himself  for  practical  activity,  and  may 
stimulate  those  engaged  industrially,  who  are  somewhat  slower  in  accepting 
the  results  of  chemical  progress,  to  advance  with  a  more  eager  stride. 

THE  AUTHOR 
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PREFACE  TO  THE  FIRST  EDITION 

DuBiNG  the  last  century  chemistry  has  been  one  of  the  most  powerful  factors 
of  progress,  civilisation,  and  improvement  in  all  countries,  some  of  which 
have  derived  from  its  study  their  most  important  sources  of  wealth  and 
activity.  Germany  is  still  benefiting  from  the  beneficent  impulse  given  by 
Liebig  to  chemical  studies,  and  it  was  in  Germany  that  the  scientists  of  other 
countries  studied  their  science  in  that  school  of  chemistry  to  which  Liebig, 
Hofmann,  and  Kekul6  gave  a  scientific  and  entirely  theoretical  impulse. 

To-day,  however,  this  mode  of  study  does  not  correspond  to  modern  re- 
quirements, because  industrial  problems  have  become  specialised  and  inten- 
sified to  such  an  extent,  under  the  impulse  of  constant  progress  from  day  to 
day  and  the  pressure  of  strenuous  international  competition,  that  pure  theory 
encounters  grave  difficulties  in  finding  a  path  through  the  complex  and  multi- 
form organism  of  modern  chemical  industry.  It  is  therefore  necessary  to-day 
to  recognise,  in  general  treatises  at  least,  the  more  salient,  marvellous,  and 
brilliant  methods  which  permit  one  to  pass  rapidly  from  the  more  abstract 
theoretical  conceptions  to  the  more  important  practical  applications. 

The  young  chemist  should  be  initiated  with  much  care  into  those  exercises 
which  link  theory  and  practice  together. 

This  necessity  has  led  chemical  teaching  in  a  new  direction. 
General  and  inorganic  chemistry  should  no  longer  be  a  simple  and  arid 
exposition  of  fundamental  laws  and  of  the  properties  of  innumerable  known 
substances,  but  should  possess  a  soul  which  brings  it  into  contact  with 
the  vital  activities  around  which  it  clings.  In  a  course  of  general  inorganic 
chemistry  all  the  applications  which  have  been  made  of  the  fundamental 
laws  and  of  the  properties  of  substances  should  be  studied.  The  chemical 
text-books  which  have  been  used  until  now  do  not  correspond  sufficiently 
to  these  requirements,  and  it  is  only  since  a  couple  of  years  that  attempts 
have  been  made  to  reform  this  state  of  affairs  and  to  carry  into 
practice  the  improvements  which  have  been  urgently  demanded  from  several 
quarters. 

In  1903  already  the  University  of  Berlin  prescribed  an  examination  in 
applied  chemistry  even  for  the  students  of  pure  chemistry,  and  in  Italy, 
Gabba  at  the  Chemical  Society  of  Milan,  Cannizaro  at  the  Chemical  Congress 
at  Turin  in  1902,  and  Ciamician  in  his  inaugural  discourse  to  the  students 
at  the  University  of  Bologna  in  1903,  have  amplified  the  urgent  necessity 
of  modifying  the  character  of  university  chemical  studies  by  special  con- 
sideration of  practical  applications. 

The  author  came  to  the  same  conclusions  two  years  ago,  when  he  was 
charged  with  the  arrangement  of  a  general  course  of  inorganic  chemistry  at 
the  Milan  Polj'technic,  as  he  had  taken  special  notice,  during  several  years 
of  industrial  activity,  of  the  almost  general  lack  of  success  of  our  young 
chemists  when  faced  with  practical  applications  of  chemistry,  an  insuccess 
which  explains  the  slow  progress  and  sometimes  even  the  ruin  of  many 
Italian  chemical  industries.  Our  young  chemists  themselves  cannot  be 
blamed  for  this  lack  of  success,  which  is  due  to  the  erroneous  direction  of 
their  training. 

And  if  anything  is  to  be  attempted  in  Italy  it  should  not  be  an  imitation 
of  that  which  has  been  done  in  other  countries  in  the  past,  but  should  start 
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at  the  point  at  whict  other  countries  have  arrived  in  order  to  proceed  other- 
wise and  profit  by  the  experience  of  others. 

The  present  treatise  took  its  rise  from  these  considerations,  and  has  no 
other  pretensions  than  to  be  an  attempt  to  initiate  a  work  of  reform  in  the 
teaching  of  chemistry  in  the  hope  that  others  may  follow  and  carry  out  its 
objects  better. 

The  first  sections  of  the  work  are  devoted  to  a  short  historical  sketch 
of  the  progress  of  chemistry,  which  may  perhaps  be  of  interest  to  students 
because  this  branch  of  chemistry  is  ordinarily  very  incompletely  or  even 
incorrectly  treated  in  other  text-books. 

I  have  prefaced  the  special  and  systematic  portion  by  a  theoretical 
portion,  which  explains  the  principal  fundamental  laws.  This  portion  is  not 
especially  suited  for  the  instruction  of  those  completely  ignorant  of  chemistry, 
but  appears  to  me,  on  the  other  hand,  to  offer  advantages  to  those  students 
of  secondary  institutions  w-ho  have  already  an  elementary  knowledge  of 
chemistry  gained  during  their  previous  studies  in  high  schools  and  technical 
institutes. 

In  the  development  of  the  descriptive  portion,  I  have  often  turned  back 
to  the  more  important  fundamental  law's  and  completed  their  elucidation 
as  well  as  possible.  Thus  the  exposition  of  the  phase  rule  is  illustrated  and 
completed  in  the  chapter  on  sulphur,  and  the  laws  of  mass  action  are  illus- 
trated in  the  section  on  the  manufacture  of  catalytic  sulphuric  acid,  and  are 
again  referred  to  at  various  other  points. 

The  third  portion,  which  deals  with  the  metals,  is  preceded  by  a  section 
on  the  fundamental  laws  of  electro-chemistry  and  by  an  amplification  of 
the  electrolytic  theory  of  solutions. 

The  book  closes  with  a  short  summary  of  the  periodic  system  of  the 
elements. 

In  the  special  portion  I  have  always  endeavoured  to  emphasise  very 
briefly  those  industrial  processes  which  deal  with  the  preparation  of  the  more 
common  compounds.  In  the  case  of  some  of  those  which  take  part  in  large 
scale  industrial  operations,  I  have  treated  them  rather  more  extensively 
in  order  to  impart  an  idea  of  the  character  which  the  more  important 
applications  of  chemistry  assume  in  practice.  I  have  done  this  in  the  case 
of  hydrogen,  which  is  destined  to  have  an  important  industrial  future,  in 
the  case  of  water  in  its  very  varied  uses,  of  sulphuric  acid,  soda,  chemical 
fertilisers,  &c. 

By  means  of  the  ordinary  text-books  it  is  difficult  for  the  student  to 
form  a  conception  of  the  greater  or  lesser  importance  of  any  one  compound 
compared  with  others.  Many,  for  example,  do  not  know  whether  arsenious 
anhydride  has  other  applications  than  that  of  destroying  rats  or  that  other 
more  tragic  one  which  solves  many  intricate  human  problems  ;  whether 
phosphorus  has  other  uses  than  for  the  heads  of  matches,  or  whether  hydrogen 
serves  other  purposes  than  the  inflating  of  balloons.  I  have  endeavoured  to 
indicate  as  completely  as  possible  the  varied  applications  of  each  substance, 
and  have  summarised  their  present  and  past  importance  by  means  of  statistics. 
In  the  case  of  each  substance  I  have  indicated  its  commercial  price  without 
any  desire  to  offer  a  commercial  price-list  of  chemical  products,  but  merely 
for  the  sake  of  orientation,  as  quite  often  it  is  not  known  whether  a  cubic  metre 
of  oxygen  costs  2d,  or  4^.,  whether  ammonia  costs  more  or  less  than  nitric 
acid,  copper  more  or  less  than  aluminium  or  nickel,  &c.  In  general  nothing 
is  available  with  regard  to  the  prices  of  chemical  products  than  the  fantastic 
price-lists  of  the  pharmacists. 

I  have  purposely  omitted  the  description  of  ordinary  laboratory  apparatus, 
because  this  is  only  of  subsidiary  importance  for  the  young  student,  as  an 
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aid  to  the  professor  in  imparting  knowledge,  and  may  be  found  in  special 
works.  I  have  substituted  for  this  cumbersome  material  simple  and  illu* 
minating  sketches  of  industrial  apparatus  and  processes  which  I  have 
collected  from  the  best  works  on  chemical  technology  (Muspratt,  Dammer, 
Bertsch,  Lunge,  &c.)  from  patents  or  directly  from  practice  in  works  which 
have  been  visited  by  me  in  Italy  and  other  countries. 

Thus  the  student  will  become  accustomed  to  comprehend  those  means 
by  which  processes  pass  from  the  experiments  of  the  school  and  from  more 
abstract  scientific  considerations  to  the  more  important  industrial  applica- 
tions. Practical  disappointment  and  disastrous  failure,  due  to  too  dogmatic 
and  simple  conceptions  acquired  during  the  teaching  of  the  schools,  will  be 
spared  to  many  in  the  future.  They  will  learn  how  one  passes  from  the  retort 
and  the  beaker  to  the  more  w  onderful  devices  of  modem  technology,  and  how 
in  the  course  of  chemical  processes  in  practice  one  must  not  only  take  the 
main  reactions  which  are  ordinarily  found  in  the  books  into  account,  but 
also  the  secondary  reactions,  special  conditions  of  temperature,  pressure 
and  time,  and  the  proportions  of  the  reacting  substances.  These  are  all 
conditions  which  may  decide  the  success  or  failure  of  an  entire  industry. 

I  am  far  from  believing  that  this  book  may  be  considered  as  a  treatise 
on  chemical  technology,  but  it  is  my  conviction  that  industrial  chemistry 
must  start  from  the  foundations  of  general  chemical  culture  embodied  in 
this  treatise,  in  order  to  enter  into  all  the  technical  and  economic  conditions 
of  manufacture  of  the  more  important  compounds  and  in  order  to  place  the 
young  chemist  in  a  position  to  assume  the  direction  of  and  collaboration  in 
our  chemical  industry  with  more  success  and  utility. 

THE  AUTHOR 
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PART  1.    GENERAL 

Everything  which  exists,  everything  which  directly  or  indirectly  influences 
our  senses,  constitutes  Nature  or  the  universe,  of  which  we  ourselves  form 
part. 

It  is  now  admitted  that  the  one  fundamental  essential  constituting  Nature 
is  none  other  than  Energy,  which,  in  various  qualities  and  in  its  many  trans- 
formations and  combinations,  also  changes  into  that  well-defined  form  which 
constitutes  the  innumerable  substances  of  the  universe. 

Bodies  formed  of  one  or  more  substances  influence  one  another  reciprocally 
in  various  ways,  and  the  perception  of  their  forms  and  their  properties  is  all 
relative  to  the  nature  of  the  organism  which  is  influenced  by  them.  Thus 
the  forms  and  qualities  which  we  perceive  in  the  bodies  around  us  are  relative 
to  our  sensitive  faculties  or  to  the  special  constitution  of  our  organism,  but 
there  is  nothing  to  prove  that  these  bodies  have,  in  any  absolute  sense,  the 
forms  and  properties  which  we  attribute  to  them. 

If  we  consider  abstractly  imaginary  organisms  quite  different  from  our- 
selves or  from  members  of  the  animal  kingdom  to  which  we  belong,  then  the 
nuclei  of  energy  which  constitute  bodies  as  we  know  them  will  manifest 
themselves  to  these  hypothetical  organisms  in  quite  a  different  shape  and 
manner. 

,  These  abstract  considerations  do  not,  however,  modify  the  methods  of 
perception  of  nature  by  the  human  organism,  so  that  all  the  researches  and 
all  the  deductions  and  victories  of  the  natural  sciences  retain  a  general  and 
positive  value  for  mankind. 

The  distinction  which  was  once  made  between  matter  and  energy  is  not 
rigorous  and  has  been  generally  abandoned  in  favour  of  the  more  general 
conception  of  energy  as  the  sole  real  entity.^ 

Kbody  is  a  part  of  space  in  which  there  are  indissolubly  united  certain 
quantities  of  energy  of  distance  (weight),  energy  of  motion  {vmas),  and  energy 
of  volume  (volume). 

Bodies  are  formed  of  various  svJbsianceay  which  are  in  their  turn  manifesta- 
tions of  chemical  energy,  variously  grouped  in  different  compounds  and  distinct 
from  other  forms  of  energy  by  which,  however,  they  are  usually  accompanied 
(thermal,  electric,  mechanical,  and  radiant  energy,  &c.)  ;  the  magnitude  of 
this  chemical  energy  is  measured  by  the  product  of  two  inseparable  factors, 
the  factor  of  capacity  (mass)'^  and  the  factor  of  intensity  (chemical  affinity 
or  chemical  poterUialy  which  is  the  cause  of  all  chemical  reactions). 

The  specific  properties  of  substances  are  represented  by  the  quotient  of 
two  factors,  intensity  and  capacity.  ^ 

^  In  fact,  if  we  analyse  the  inner  nature  of  matter  we  must  at  once  admit  tliat  we  perceive  the  objects  of  the 
exterior  world  (and  we  may  add  tliat  we  acquire  consciousness  of  our  own  existence)  solely  in  virtue  of  the  influence 
exercised  by  these  objects  on  our  senses.  Now  the  causes  of  our  perceptions  arc  tlie  qualities  and  properties  (due 
to  various  forms  and  differences  of  energy)  which  we  consider  to  bo  inherent  to  matter  (light,  the  various  colours 
and  physical  state  arc  aU  forms  of  energy) ;  but  if  we  for  a  moment  imagiuo  matter  divested  of  all  these  properties 
in  order  to  see  what  remains,  we  find  that  there  is  nothing  perceptible,  that  is  to  say,  we  cannot  then  demonstrate 
the  existence  of  matter.  Tliat  energy  alone  should  exist,  without  matter,  would  appear  to  be  a  contradiction  of 
the  law  of  gravitation,  to  which  matter  itself  is  said  to  be  subjected  ;  but  gravitation  is  only  a  form  of  energy, 
which  can  only  manifest  itself  by  contrast  with  other  forms  of  energy.  In  fact  gravitation  is,  more  exactly  stated, 
energy  of  dtstanco. 

In  ordinary  language  the  use  of  the  word  matter  Is  so  well  established  that  it  Is  impossible  to  always  avoid 
its  use,  without,  however,  invalidating  what  wc  have  said  above. 

■  Whilst  cdl  the  masses  concerned  in  the  various  forms  of  mechanical  energy  are  equivalent  and  homogeneous, 
in  ohomlcal  energy  the  maases  are  of  varying  nature  and  characterise  the  various  simple  substances  (elements). 

I  I 
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J3[6dt€^,ur>6:di&Uiigui?hed  from  one  another  by  variable  properties  only 
(forih,  magnitude,  &c.)V  thus,  for  example,  a  cube  of  sugar  is  a  body,  because 
it  has  an  inherent,  well-determined  form,  that  of  the  cube,  which  constitutes 
a  variable  property,  because  the  cube  may  be  more  or  less  large.  The  com- 
ponent— sugar — on  the  other  hand,  is  a  substance  with  well-defined  and 
invariable  specific  properties.  In  fact,  on  breaking  up  the  cube,  the  sweet 
taste  characteristic  of  sugar  still  remains,  and  this  property  does  not  disappear 
even  when  the  sugar  is  dissolved  in  water. 

Thus,  again,  a  beaker,  mirror,  bottle,  &c.,  are  all  bodies,  very  distinct 
from  one  another  in  form  and  size,  but  all  constituted  of  the  same  material, 
glass,  with  invariable  specific  properties. 

The  descriptive  natural  sciences,  botany,  anatomy,  zoology,  crystallo- 
graphy, &c.,  study  more  especially  the  internal  and  external  forms  of 
bodies,  whilst  the  speculative  natural  sciences,  physics  and  chemistry, 
mainly  study  substances  and  their  specific  properties,  their  transformations 
and  combinations. 

More  exactly,  physics  is  the  study  of  all  the  modifications  which  the 
properties  of  substances  can  undergo  without  durably  losing  any  of  their 
specific  properties,  that  is  to  say,  without  being  transformed  into  other 
substances. 

Chemistry,  on  the  other  hand,  studies  the  stable  modifications  of  the 
properties  of  substances  when  these  lose  any  of  their  specific  properties  and 
acquire  others,  that  is,  when  they  are  transformed  into  other  substances. 

On  heating  water  to  100®  it  is  transformed  into  steam,  which,  in  turn,  is 
reconverted  into  water  when  it  is  cooled  and  condensed  ;  in  this  case  the 
water  has  not  undergone  any  essential  modification.  If  we  heat  in  a  bulb 
a  fragment  of  a  substance  of  metallic  aspect  called  iodine,  we  obtain  violet 
vapours,  which  recondense  on  cooling  on  the  sides  of  the  bulb  in  scales  of 
iodine,  lustrous  as  before,  showing  that  the  iodine  has  not  lost  its  intrinsic 
qualitiesvby  changing  its  form  and  state.  A  platinum  wire,  when  heated, 
becomes  red  and  glowing,  but  is  still  always  platinum,  and  is  found  to  be 
unaltered  on  cooling.  When  sulphur  is  heated  out  of  contact  with  the  air 
it  becomes  liquid  and  of  a  reddish  colour  ;  on  raising  the  temperature  it 
again  becomes  solid,  and  finally  liquid  again  at  a  still  higher  temperature ; 
if  it  is  then  poured  into  water  when  in  this  condition  it  becomes  solid,  but  is 
at  first  plastic  and  only  becomes  hard  and  friable,  as  it  was  originally,  after 
some  time ;  now,  during  all  these  long  and  various  transformations  the  sub- 
stance has  not  been  altered  ;  the  sulphur  always  remains  sulphur.  If  fine 
zinc  filings  and  flowers  of  sulphur  are  mixed  an  apparently  homogeneous  mass 
is  obtained,  which  differs  in  appearance  from  its  components.  But  with  a 
simple  lens  the  constituents  are  easily  distinguished,  and  on  pouring  the  mass 
into  water  the  zinc  is  easily  separated  from  the  sulphur,  as  the  latter  remains 
on  the  surface,  whilst  the  former  sinks  to  the  bottom.  Thus  also  from  a 
mixture  of  iron  filings  and  sulphur  the  two  components  are  easily  separated 
with  a  magnet. 

The  experiments  which  have  just  been  enumerated  all  illustrate  so-called 
physical  phenomena. 

If,  on  the  other  hand,  we  take  the  mixture  of  zinc  and  sulphur,  made  in 
certain  definite  proportions,  and  heat  it  in  a  dish,  it  catches  fire,  producing 
much  heat  and  light,  and  we  obtain  a  new  white,  voluminous  substance  which, 
when  examined  with  a  lens,  poured  into  water,  or  examined  in  any  other 
way,  cannot  be  separated  into  particles  of  the  two  components.  Thus  a  new 
substance  has  been  formed  which  no  longer  has  any  of  the  specific  properties 
of  the  two  original  substances.  This  is  a  chemical  phenomenon,  because  the 
nature  of  the  admixed  substances  has  been  changed  in  a  stable  manner, 
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producing  a  sulphide  of  zinc.  So  on  heating  sulphur  and  iron  filings  in  a 
glass  tube  the  mass  glows  and  catches  fire,  and  we  obtain  a  new  substance 
difiEering  in  a  stable  manner  from  the  components,  which  we  are  not  able  to 
separate  by  ordinary  means,  such  as  by  a  magnet.  On  mixing  together 
powdered  tartaric  acid  and  sodium  bicarbonate  an  apparently  homogeneous 
substance  is  obtained,  though  with  a  lens  this  is  seen  to  be  a  mixture  of  crystals 
of  the  two  components  ;  but  on  throwing  this  mixture  into  water  a  strong 
evolution  of  gas  occurs,  and  the  two  substances  are  intimately  combined, 
so  that  on  evaporating  almost  all  the  water  a  product  remains  which  is  quite 
distinct,  and  nothing  remains  of  the  two  components  from  which  it  has  been 
formed. 

If  red  mercuric  oxide  is  heated  in  a  test-tube  a  metallic  mirror  of  mercury 
is  formed  on  the  walls,  a  gas  is  evolved  (oxygen),  which  revives  the  com- 
bustion of  a  glowing  splint  of  wood,  and  the  mercuric  oxide  is  completely 
decomposed. 

If  sulphur  is  heated  in  a  tube  without  access  of  air,  it  changes  its  physical 
state,  but  the  intimate  character  of  the  material  is  unaltered.  If,  on  the  other 
hand,  sulphur  is  heated  in  a  spoon,  with  access  of  air,  it  catches  fire  with  a 
blue  flame,  emitting  a  colourless  gas  ;  the  sulphur  disappears,  and  in  its 
place  we  have  a  colourless  gas,  soluble  in  water,  which  shows  special  reactions 
and  reddens  blue  litmus  paper. 

On  burning  magnesium  wire  a  very  vivid  light  and  a  white  powder  of 
magnesium  oxide  are  produced.  On  bringing  ammonia  vapours  into  contact 
with  those  of  hydrochloric  acid  white  fumes  of  ammonium  chloride  are 
produced. 

These  are  all  chemical  phenomena. 

Now  that  we  have  seen  how  substances  are  modified  and  tiansformed 
in  many  various  ways  we  will  endeavour  to  understand  their  constitution 
more  exactly  in  order  to  be  able  to  explain  all  these  phenomena  and  many 
others,  by  passing  from  the  more  simple  to  the  more  complex. 

Are  substances  formed  of  a  continuous,  uninterrupted  mass,  or  are  they 
constituted  of  many  particles,  which  unite  in  various  forms  ?  Chemistry 
and  physics  have  answered  this  question  by  rejecting  the  first  hypothesis 
and  accepting  the  second,  because  by  its  means  chemical  phenomena  are 
more  easily  explained,  and  reasons  are  found  for  the  expansibility  and  elasti- 
city of  bodies,  and  for  the  difihision  of  gases  which  cannot  be  explained  on 
the  hypothesis  of  continuous  matter. 

Matter,  then,  must  be  considered  as  an  aggregation  of  very  small  particles, 
extremely  close  together,  but  entirely  distinct  from  one  another.  The  finest 
particles  of  the  most  impalpable  powder  are  enormously  larger  than  those 
imagined  in  physics  and  chemistry. 

A  very  simple  experiment  which  will  give  an  approximate  idea  of  the  sniallnese  of 

these  chemical  particles  is  the  following :    1  mgm.  of  Rhodamine  Extra  (a  red  artificial 

dyestuff)  is  dissolved  in  a  few  c.c.   of  alcohol  and  then  poured  into  a  bottle  containing 

10  litres  of  water,  which  is  coloured  red  in  a  very  evident  manner.     If  we  take  a  drop  of 

this  liquid,  or,  to  be  more  exact,  one  milligramme,  and  observe  it  microscopically  under 

a  magnification  of  1000  diameters  we  find  that  it  is  still  coloured  red,  but  that  there  is 

no  differentiation  into  coloured  and  colourless  particles.     Now  10  litres  of  water,  that  is, 

10,000,000  mgms.,  contain  O'OOl  grms.  of  rhodamine,  so  that  each  milligramme  of  the 

0001 
solution  contains  TfToofrooo'  *^**  ^^'  0*000,000,000,1  grm.  of  rhodamine  (one  ten-thousand- 

miilionth  of  a  gramme). 

Bat  if  this  solution  is  diluted  1000  times,  that  is,  1  c.c,  diluted  to  one  litre,  and  if  a  glass 
tube  pome  metres  long  is  then  filled  with  the  liquid^  then  on  illuminating  the  solution 
and  looking  through  some  depth-  of  it,  it  will  still  appear  to  be  homogeneously  coloured* 
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and  if  each  milligramme  of  thid  new  solution  contains  at  least  one  particle  of  dyestufi 
this  will  weigh  less  than  0*000,000,000,000,1  gramme,  that  Iq,  less  than  one  ten-billionth  of 
a  gramme.  We  may  also  confirm  this  result  in  another  manner  :  If  we  take  one  milli- 
gramme of  concentrated  attar  of  roses,  dissolve  it  in  a  little  alcohol  or  ether,  pour  it  over  a 
strip  of  filter-paper  placed  on  a  warm  plate  and  move  about  the  room,  this  will  be  perfumed 
with  the  essence  in  a  few  minutes.  If  we  take  a  large  room  of  a  capacity  of  3000  cubic 
metres  (35x12x7  metres),  this  is  3,000,000  litres,  that  is,  3,000,000,000  c.c.  or  three 
billion  (3,000,000,000,000)  cu.  mm.,  which  together  contain  one  milligramme  of    the 

0*001 
perfume;  thus  1  cu.  mm.  contains  ^"T^^yrrknn  r>nA  nru\  >  *^*^   ^®»    *000,000,000,000,000,333 

grms.  of  perfume,  so  that  each  particle  of  attar  of  roses  will  certainly  wc'gh  less  than 
one-third  of  a  thousand-billionth  of  a  gramme.  In  this  case  the  senee  of  fcmell  is  more 
sensitive  than  that  of  sight  in  the  case  of  coloured  solutions. 

In  1905,  by  illuminating  solutions  of  fluorescein  with  a  powerful  electric  arc.  Spring 
deduced  that  the  weight  of  the  atom  of  hydrogen  must  be  less  than  2'5  x  10" ^i  grma. 

It  is  precisely  with  these  hypothetical  infinitesimal  particles  that  chemistry 
is  concerned,  and  these  are  the  particles  which  we  will  study  in  the  various 
aspects  which  they  present  to  us,  in  their  most  interesting  properties,  forming 
a  marvellous  Avorld,  regulated  by  positive  and  eternal  laws. 

THE  CONSERVATION  OF  ENERGY 

The  principle  of  the  conservation  of  energy,  or  equivalence  of  the  various 
forms  of  energy,  is  the  first  law  of  thermodynamics.  We  have  mechanical 
energy  (of  distance,  volume,  surface,  and  movement),  and  non-mechanical 
energy  (chemical,  thermal,  electric,  and  radiant  energy,  &c.). 

The  value  of  each  form  of  energy,  as  we  have  already  seen  in  the  case 

of  chemical  energy,  is  always  expressed  by  the  product  of  the  factors  of  intensity 

and  of  capacity  ;  mechanical  energy  is  expressed  by  the  product  of  mass  and 

im  v^  \ 

velocity  \—,y-   or  kinetic  energy]  \   in  the  case  of  thermal  energy  the  factor 

of  capacity  is  measured  by  the  quantity  of  heat  expressed  in  calories  and 
the  factor  of  intensity  (or  thermal  potential)  by  the  temperature  ;  for  energy 
of  distance  the  factors  are  the  distance  in  metres  and  the  force  in  kilogramme- 
metres  ;  for  energy  of  volume  we  have  volume  and  pressure,  &c. 

For  each  form  of  energy  the  equivalent  in  other  forms  has  been  established  ; 
thus  we  have  the  mechanical  equivalent  of  heat,  the  electrical  equivalent  of 
mechanical  energy  and  of  heat,  &c. 

In  many  practical  cases  we  are  able  to  follow  the  equivalent  transforma- 
tion of  the  various  forms  of  energy,  but  especially  in  the  case  of  mechanical 
energy,  which  is  present  in  the  two  reversible  forms  of  potential  energy  and 
kinetic  energy  ;  the  first  is  dependent  on  the  position  occupied  by  a  body, 
and  when  its  position  is  changed  this  energy  is  converted  into  kinetic  energy. 

If,  for  example,  a  heavy  object  is  on  the  ground  and  we  wish  to  raise  it  to  a  height  of 
one  metre  by  placing  it  on  a  support,  we  must  perform  a  certain  amount  of  work.  But 
this  work  is  not  lost,  but  passes  into,  or  accumulates  in,  the  raised  body  in  that  form  of 
energy  which  we  call  potential  energy.  We  may  soon  prove  that  this  energy  is  not  lost 
by  connecting  the  heavy  body  by  means  of  a  wire  with  another  body  of  equal  weight,  and 
passing  the  wire  over  an  ideal  frictionless  pulley,  also  avoiding  the  friction  of  the  air.  On 
removiug  the  support  of  the  upper  body  a  minimal  impulse  causes  the  upper  body  to 
descend,  but  in  descending  it  carries  the  lower  body  upwards  by  the  pull  on  the  wire. 
The  first  body  has  lost  ix)tential  energy,  which  is  transfunned  into  energy  of  motion, 
that  is,  kinetic  energy,  which  has  served  to  raise  exactly  the  same  weight  as  had  previously 
been  raised  by  our  hands.  Thus  we  see  that  work  has  been  performed  by  transformation 
of  energy,  which  energy  has  not  been  lost  but  has  been  transformed  from  potential  energy, 
that  is,  energy  of  position,  into  actual  or  kinetic  energy  (energy  of  motion). 
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Examples  of  potential  energy  and  of  its  transformation  into  kinetic  energy  are  very 
abundant. 

The  movement  and  position  of  the  planetary  systems  are  the  most  perfect  examples 
of  continuous  and  incessant  transformation  of  potential  and  kinetic  energy.  A  large 
meteorite  falling  and  giving  up  all  its  potential  energy  will  acquire  such  a  velocity  that 
on  reaching  the  earth's  surface  it  will  collide  with  it  in  a  formidable  and  disastrous  manner. 
This  does  not  ordinarily  happen,  because  a  part  of  the  energy,  is  given  up  to  the  atmosphere 
through  which  the  meteorite  is  obliged  to  pass,  with  a  large  amount  of  friction,  before 
reaching  the  earth's  surface,  and  a  large  part  of  the  potential  energy  is  thus  transformed 
into  thermal  energy  and  reduces  the  velocity,  so  that  the  meteorite  is  heated  and  becomes 
red-hot.  Even  the  hail  which  forms  at  high  altitudes  would  bo  broken  by  the  more 
resist-ant  roofs  of  the  houses  on  which  it  falls  if  it  did  not  impart  some  of  its  energy  to  the 
atmosphere.  The  potential  energy  of  falling  water  produces  kinetic  energy  in  a  useful 
and  evident  manner  on  passing  between  the  blades  of  a  turbine. 

But  in  the  small  world  of  the  chemical  particles  the  cases  of  potential 
energy  are  extraordinarily  impressive,  because  in  chemical  systems  enormous 
quantities  of  potential  energy,  or  energy  of  position,  take  part. 

If  the  configuration  of  our  hypothetical  system  of  chemical  particles 
constituting  a  given  substance  is  modified  and  the  particles  change  their 
position,  giving  rise  to  another  system  (another  substance),  when,  in  short, 
the  particles  at  any  given  point  under  certain  conditions  approach  one 
another  in  such  a  manner  as  to  form  a  new  substance,  then  the  amount  of 
potential  energy  which  is  transformed  into  kinetic  energy  is  so  large  and 
powerful  as  to  astonish  thr  most  fantastic  thinker. 

The  particles  of  hydrogen  gas  have  a  velocity  of  about  two  kilometres  per  second, 
and  when  they  approach  those  of  oxygen  under  certain  external  influences — impelled  by 
their  great  velocity — ^in  such  a  manner  as  to  attract  and  combine  with  them,  the  potential 
energy  is  transformed  into  kinetic  energy  giving  rise  to  heat,  light,  and  detonation,  with 
formation  of  water,  a  new  substance.  (Traruihtor's  note. — The  kinetic  energy  due  to 
the  velocity  of  the  hydrogen  and  oxygen  molecules  is  quite  distinct  from  their  potential 
chemical  energy,  which  is  evidenced  in  the  combination.) 

A  few  grammes  of  dynamite  or  nitroglycerine  enclosed  in  the  interior  of  a  rock,  m 
changing  the  position  of  their  particles  during  a  chemical  reaction  produce  such  a  quantity 
of  kinetic  energy  that  the  most  resistant  rock  is  shattered  ;  in  a  few  seconds  an  amount  of 
work  is  accomplished  which  hundreds  of  workmen  could  not  achieve  in  twenty-four  hours. 

Kinetic  energy  is  of  much  interest  to  us,  especially  in  its  various  transformations. 

Matter,  which  we  consider  as  divided  into  very  small  particles,  manifests  itself  to  us 
by  means  of  its  energy,  which  may  be  explained  as  an  oscillatory  movement  of  these  par- 
ticles, in  the  form  of  continuous,  uninterrupted  attractions  and  repulsions,  which  reach 
our  senses  in  the  form  of  vibrations  transmitted  by  the  ether,  which  is  extremely  attenuated 
and  imponderable,  and  fills  the  entire  universe.^ 

Let  us  suppose  for  a  moment,  with  Crookes,  a  long  thin  plate  of  st^el,  fixed  in  the 
middle  of  a  dark  room  ;  on  causing  the  plate  to  oscillate  gently  all  its  particles  vnW  vibrate, 

*  In  Older  to  cxpUin  chemkal  phenomeiui.  matter  tiM  been  imagined  to  bo  divided  \"*^^7Jfy  ^^^V^^Xr^I^^e 
having  ft  definite  weight  and  vdomc.  In  order  to  explain  certain  phyMcal  phenomena  BclentiMa  ^^'\^A;VJ^,!,! 
u*e  of  a  hypothetical  rabrtanee  very  mach  le«»  dense  than  the  chemical  particles.  «o  much  **»!«*«  J^*"\\:*". 
drmbte,  t  lubrtance  which  extends  throuKhout  the  nnlver«c  and  penetrates  all  bodies.  Including  the  wau^  ^^ 
ela«  v«»eb.  Ac.  This  substance  is  called  the  vibratonf  ether  or  cosmu:  rther,  and  U  the  mr^Uum  by  ^«;^"\?Jj*  ;  ^^^^ 


the  more  important  physical  phenomena.  linht,  electricity.  Arc.,  are  manifn«t«l.     Whon  Z*"*^  J^^^"^'  ,.^,.,..  ^^ 

l«bt  rtacbes  m  thioSgh  .pace  with  a  velocity  of  3<K),000  kiJomctre«  per  -^-^>"«1- ♦."^^'"J^^?^  J^Tw^J^^^^^  ^^^^ 
no  air  or  other  poodcntble  matter,  it  woold  be  lmpo«ilble  to  imagine  .arh  a  rapl  I  t''*^:^:*^"'l7;7^,\*^^*Vl\  2^  -l»ar* 
the  rxistence  of  the  vibiatory  ether.  dilfaBed  throughout  the  anivrr*o  and  ponHrating  all  ixxVi.-^  ana  a 

(>V^  Wmt  ;  rnity  of  Energy  and  Matter.)  .      , , ,..,  ^„  «..,.„^tM  t.-'  »^« 

Sound  i!i  tiansmltt«d  by  the  vibiations  of  the  air,  and  if  an  einrt nc  beu 
th*'  fiOQnd  no  longer  nache«  our  ear,  whilst,  on  the  contrary,  the  lipht  of  an 
Ti^iver  mrbes  oar  eye.  The  transmlvion  of  the  lipht  cannot  bo  r-onipnh 

c^mic  rther.   Previous  to  this  hypothesis  it  wan  wppo^^l  that  the  proi«ieat  .on  of  n.  .tr  ^^    V"  \  .risl,  a^  ^^- 
m^t  snd  expol^ion  of  minute  particles  from  the  hot  object,  and  ^}:-\}:Z' iruZ^^J.^.^U^^l^^ ^^^  r.*r\l 
bflievfd 
progroi. 

ii^ fta  5i;S;;i'  ;;5"j;3y  i;c;rt.Tr.ed  With  certaintr  tl«.t  hejt  ;\';;^^^"J7ii:riJ'rSd:;  «t  «-^^' 
IsiaOOVUioiMifiBtlMrdfliiMdtlwhypoitaMls  of  hml,  aUributln*  it  to  the  vil>f»aioD  piarvi 


hell  is  placed  nn<l«r  an  cvarnatM  ^'"'  V    . 
an  cL^trir  lamp  un*U-r  tlv  ^-^m-  "^^  '7,.  .. 
r.hen.l-l.  except   l,y  t  ho  ^vv\^.t\v-i' '>  "J^ 
..Ideation  of  l»-:tt    wflL^   «l•^••^^^^'^    .  \ra* 
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and  if  the^c  vihrationa  exceed  sixteen  per  second  we  will  observe  a  slight  note  ;  as  the 
vibrations  are  gradually  increased  in  frequency  up  to  40,000  per  second,  we  will  ascend 
the  scale  of  all  notes  from  the  lowest  to  the  highest  and  shrillest ;  we  have  thus  obtained 
energy  of  sound.  If  the  number  of  vibrations  is  further  increased  they  are  no  longer 
perceived  by  the  ear,  but  on  approaching  the  plato  with  the  hand  it  will  bo  observed  that 
it  is  warm  ;  we  are  obtaining  thermal  energy.  If  the  frequency  increases  still  further 
the  temperature  rises,  and  when  the  vibrations  have  attained  a  frequency  of  400  billions 
per  second  the  plate  becomes  red-hot  and  gradually  more  luminous  ;  we  have  now  luminous 
energy.  If  the  frequency  of  the  vibrations  exceeds  800  billions  per  second  our  eyes  are 
no  longer  able  to  perceive  them,  but  if  a  photographic  p^ate  containing  silver  salts  is 
exposed  to  these  rays,  it  is  affected  ;  we  have  reached  chemical  energy,  and  by  proceeding 
further  it  is  theoretically  possible  to  arrive  at  electrical  energy,  &c. 

The  transformations  of  kinetic  energy  are  to-day  of  the  greatest  importance,  and  we 
see  every  day  thousands  of  practical  examples  of  the  manner  in  which  it  may  pass  from 
one  form  to  another. 

Another  experiment  which  gives  some  idea  of  the  transformation  of  mechanical  energy 
into  thermal  and  luminous  energy  is  the  following :  On  throwing  a  piece  of  sodium  into 
water  it  floats  and  travels  rapidly  over  the  surface,  developing  hydrogen  gas,  but  if  a  piece 
of  filter -paper  is  placed  on  the  surface  of  the  water  and  the  sodium  is  placed  on  this,  its 
motion  is  prevented  ;  the  energy  produced,  which  was  in  the  previous  case  manifested 
as  energy  of  motion,  is  now  transformed  into  thermal  energy,  and  the  sodium  is  heat«d  and 
catches  fire,  giving  a  luminous  flame  and  then  an  explosion.  On  striking  a  match  the 
mechanical  energy  is  transformed  into  thermal  energy  and  the  match  is  lit,  transforming 
thermal  and  chemical  energy  into  luminous  energy. 

But  we  are  able  to  observe  the  most  beautiful  and  marvellous  examples  of  the  trans- 
formations and  indestructibility  of  energy  every  day  in  the  case  of  the  solar  heat.  This 
Inexhaustible  source  of  energy,  which  is  given  of!  by  the  sun  without  sensible  diminution, 
is  not  lost.  The  heat  which  reaches  the  earth  and  is  distributed  over  seas  and  continents, 
causing  temperature  disturbances  at  various  points,  also  creates  the  aerial  currents  of  the 
terrestrial  atmosphere,  and  the  energy  thus  formed  is  utilised  in  the  sails  of  ships  and  of 
windmills.  This  beneficent  heat  also  evaporates  the  water  of  seas,  lakes,  and  rivers, 
transporting  th«  water  particles  to  greater  altitudes  and  thus  accumulating  potential 
energy,  which  is  again  liberated  when  the  vapour  condenses  to  form  rain  or  snow,  and  then 
descends  in  watercourses  from  higher  to  lower  regions  and  the  sea,  returning  the  potential 
.  energy  to  nature  in  the  form  of  mechanical,  electrical,  and  thermal  energy,  moving  the  wheels 
of  mills  and  turbines,  which  actuate  dynamos  giving  motion,  light,  heat,  and  electricity 
in  such  a  manner  that  the  balance  of  nature  is  uninterruptedly  maintained.  This  extends 
to  all  life,  mineral,  vegetable,  and  animal,  in  a  marvellous  harmony  of  simple  and  com- 
plicated transformations,  to  the  nutrition  of  plants  and  animals,  to  human  vitality,  to 
that  of  the  thinker  and  the  genius. 

In  the  entire  universe,  whatever  changes  it  is  undergoing,  has  undergone,  or-Vill  undergo 
n  the  future,  there  will  always  at  each  instant  be  found  exactly  the  same  unaltered  sum 
of  kinetic  and  potential  energy.  Helmholtz  calculated  that  of  the  potential  and  mechanical 
energy  which  originally  existed  in  our  own  solar  system  only  the  four  hundred  and  fif ty- 
foiu-th  part  still  remains,  the  rest  having  been  dispersed  and  transformed  into  heat,  light, 
&c.,  during  the  passage  from  the  nebulous  stage  to  that  of  consistent  nuclei  ;  but  none  of 
this  energy  is  lost  to  the  universe. 

which  were  the  more  intense  and  rapid  the  higher  the  temperature.  The  undulatory  theory  had  already  been 
upheld  by  Hooice  (1650),  Huyghens,  and  Euler  (1707-1783)  in  order  to  explain  luminous  phenomena ;  but  until 
1800  the  oppoBito  theory  of  Newton,  that  is,  the  emanation  theory,  was  generally  upheld.  In  1810  Davy  himself 
had  accepted  Rumford's  theory  of  heat,  but  in  the  case  of  light  he  declared  himself  a  follower  of  Newton's  hypo- 
thesis of  emission  (1642-1727).  In  the  meantime  T.  Young  and  Wollaston  found  themselves  obliged  to  abandon 
the  emission  theory ;  but  Frcsnel  was  first  able  to  show  that  tlie  emission  theory  was  erroneous  by  replacing  it 
by  his  own  very  brilliant  hypothesis,  which  more  satisfactorily  explained  thcHC  important  physical  phenomena, 
namely,  the  hypothesis  of  a  continuous  elastic  medium  which  i)onetrated  all  bodies  and  the  entire  universe. 
Poisson  (1781-1840)  gave  concrete  and  rigorous  form  to  this  hypotlicsis,  imagining  the  elastic  medium  to  be 
composed  of  very  small  ethereal  particles,  vibrating  intensely,  by  which  means  he  was  able  to  explain,  and  mathe- 
matically demonstrate,  many  physical  phenomena  which  were  otherwise  inexplicable.  Afterwards  it  was  possible 
forClausius  (1857)  to  mathematically  lay  the  foundation  of  his  brilliant  mechanical  theory  of  heat.  It  is  con- 
venient to  record  here  that  to-day,  after  further  study  of  electrical  phenomena,  the  idea  of  an  ether  subdivided 
into  minimal  particles  has  been  abandoned,  that  is,  the  theory  of  its  diHcontinuity  is  now  excluded  ;  the  study 
of  cathode  rays  and  of  radio-activity  has  led  to  a  species  of  return  to  the  theory  of  material  emanation,  which 
has  not  yet  found  a  clear  explanation,  by  the  general  laws  accepted  to-day. 
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However,  it  is  not  possible  to  suppose  a  complete  inversion  of  the  process  of  trans- 
formation of  kinetic  into  thermal  energy,  because  of  the  degradation  which  accompanies 
this  change,  that  is,  the  impossibility  of  reconverting  the  entire  thermal  energy  into 
kinetic  energy  on  account  of  the  fact  that  part  of  the  heat  remains  inherent  in  matter. 

In  fact,  if  all  the  absolute  heat  of  bodies  were  converted  into  motion  one  would  arrive 
at  matter  deprived  of  heat  and  energy,  which  is  unattainable  and  absurd  because  it  is 
impossible  to  imagine  matter  without  energy,  as  this  would  be  equivalent  to  the  dis- 
appearance of  that  matter.  '  This  explains  the  constant  evolution  which  forces  the  entire 
universe  to  always  form  itself  anew  ;  retrogression  in  nature  is  absurd  ;  thus  we  are 
unavoidably  impelled  towards  ever  more  various  transformations,  towards  continuous 
evolution. 

We  are  able  to  apply  with  mathematical  rigour  this  first  law  of  thermodynamics  or 
the  equivalence  of  the  various  forms  of  energy,  in  order  to  demonstrate  the  practical 
impossibility  of  perpetual  motion  {perpetuum  mobile).  If  we  follow  the  cycle  of  changes 
produced  in  any  material  system  by  the  displacement  of  energy  (addition  or  subtraction 
of  heat)  in  such  a  manner  as  to  return  to  the  starting  conditions,  we  will  find  that  the 
work  (A )  produced  by  the  system  during  the  cycle  will  be  proportional  to  the  quantities 
of  heat  (W)  imparted  to  the  system,  that  is  A  =  J.W,  where  J  represents  the  factor  of 
proportionality  or  the  mechanical  equivalent  of  heat  {see  below)^  and  is  independent  of 
the  nature  of  the  system  under  consideration.  With  any  change  in  the  system  the  following 
changes  of  energy  are  connected  :  absorption  or  development  of  a  certain  quantity  of  heat, 
production  of  positive  or  negative  work,  and  increase  or  diminution  of  the  total  amount 
of  energy  in  the  system.  Ji  dQ  he  the  quantity  of  heat  imparted,  dU  the  portion  of 
that  heat  which  performs  internal  work  and  causes  rise  of  temperature,  and  J.dL  that 
portion  of  the  heat  which  is  transformed  into  external  work,  dL,  by  increase  of  the  volume 
or  by  overcoming  pressure,  then  from  the  equivalence  of  heat  and  energy  the  mathematical 
expression  of  the  first  law  of  thermodynamics  will  be  : 

dQ^  dU  +  J.  dL 

If  U  be  the  total  quantity  of  energy  contained  in  the  original  system,  then  the  system 
will  be  modified  if  we  subtract  a  given  quantity  of  energy,  say,  U  -U^;  and  we  will  be  able 
to  return  to  the  original  S3rstem  by  restoring  to  the  second  system  the  exact  quantity  of 
energy  ( 27  -  Ui)  which  it  had  lost ;  if  a  lesser  quantity  of  energy  suffices  for  this  restoration, 
then  by  continuing  this  process  in  one  sense  or  the  other  we  would  arrive  at  a  creation  of 
energy  or  perpetual  motion. 

The  quantity  of  energy  yielded  up  in  the  passage  from  the  one  stat<wto  the  other  is 
rigorously  determined  by  the  difference  in  the  energy  contained  by  the  two  systems  ;  thus 
we  cannot  create  energy  without  a  corresponding  amount  of  energy  disappearing  ;  the 
transformation  of  one  form  of  energy  into  another  occurs  in  each  case  according  to  a  well- 
determined  numerical  relationship  ;  and  more  especially  in  all  cases  a  given  amount  of 
work  is  prodnced  by  means  of  heat,  causing  the  latter  to  disappear,  and  inversely  if  work  is 
transformed  into  heat. 

This  law  of  the  conservation  of  energy  was  intuitively  propoimded  in  various  branches 
of  science  in  past  centuries,  by  Galileo,  Newton,  Bemouilli,  Rumford,  and  Davy,  but  was 
only  enunciated  in  a  precise  manner  by  the  Swabian  medical  man,  Julius  Robert  Mayer, 
in  1842,  whilst  in  1847  Hermann  v.  Helmholtz,  in  his  celebrated  article  on  "  The  Con- 
servation of  Energy,"  collected  all  the  evidence  of  general  importance  and  applied  it  to 
all  known  phenomena ;  the  rigorous,  quantitative  experimental  evidence  was  given  by 
Joule  in  1850,  in  his  immortal  researches  on  the  mechanical  equivalent  of  heat. 

Not  aU  the  energy  possessed  by  a  system  can  be  transformed,  but  only  a  part  of  it, 
called  the  free  energy,  which  is  utilisable,  and  to  which  the  first  law  of  thermodynamics 
refers ;  the  energy  of  motion,  external  work,  &c.,  of  a  system  may  be  transformed  into 
other  forms  of  energy,  for  example,  into  heat,  but  the  thermal  energy  cannot  be  completely 
retransformed  into  work.  Later,  in  discussing  the  second  law  of  thermodynamics,  we 
will  study  the  limitations  of  the  convertibility  of  one  form  of  energy  into  another. 

In  the  study  of  the  transformations  of  energy,  the  law  of  the  conservation  of  mass  or 
of  weight  (or  law  of  the  conservation  of,  or  indestructibility  of  matter  as  it  was  formerly 
less  correctly  called)  is  of  special  importance  in  chemistry. 

Mass  is  one  of  the  invariable  properties  of  bodies,  in  virtue  of  which  these  bodies  acquire 
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a  definite  velocity  under  the  influence  of  a  definite  quantity  of  kinetic  energy.  If  two 
objects  of  the  same  nature  but  of  different  size,  that  is,  containing  different  quantiti^ 
of  mass,  move  with  the  same  velocity,  they  contain  varying  amounts  of  kinetic  energy 
which  are  proportional  to  their  masses,  and,  in  general,  the  quantity  of  energy  in  a  moving 
body  is  equal  to  the  product  of  the  mass  and  the  square  of  the  velocity.  The  mass  of  a 
body  is  simply  itfl  capacity  for  kinetic  energy.  A  projectile  with  a  mass  of  8  kilos  thrown 
with  a  velocity  of  400  metres  per  minute  produces  the  same  effect  (shock)  on  an  impene- 
trable target  as  one  four  times  smaller  (2  kilos)  with  double  the  velocity  (800  metres)  for 

8   X  400«  «  2  X  800*. 

Mass  is  measured  by  taking  as  unit  the  mass  of  I  c.c.  of  distilled  water  at  a  temperature 
of  4^  and  at  760  mm.  pressure.  But  this  unit  of  mass  is  also  the  unit  of  weight,  as  the  mass 
of  a  body  is  proportional-to  its  weight ;  it  is  called  a  gramme.  Various  bodies  which  have 
the  same  weight  acquire  equal  velocities  under  the  impulse  of  equal  amounts  of  energy, 
that  is,  they  have  also  the  same  mass.  And  for  this  reason  the  two  words  are  commonly 
used  interchangeably,  and  for  ordinary  purposes  mass  and  weight  are  equivalent 
words. 

More  precisely  the  weight  of  a  body  is  simply  the  force  with  which  it  tends  to  approach 
the  centre  of  the  earth,  and  as  the  earth  is  not  a  perfect  sphere,  and  its  movement  does 
not  take  place  equally  in  every  direction,  the  weight  of  a  given  body  varies  with  the 
latitude  and  with  the  altitude,  whilst  its  mass  remains  unaltered.  But  this  variation  of 
weight  occurs  to  an  equal  extent  for  all  bodies  placed  under  the  same  conditions,  so  that 
actually  two  different  bodies  which  are  equal  in  weight  at -any  given  point  on  the  earth 
will  still  be  of  equal  weight  at  any  other  point. 

A  century  ago,  before  the  classical  researches  of  Lavoisier,  who  brought  the  balance 
into  general  use  for  the  study  of  chemical  phenomena,  it  was  believed  (and  is  still  believed 
to-day  by  some  ignorant  people)  that  in  certain  cases  matter  is  partiaUy  lost  or  consumed 
during  its  chaUges.  A  candle,  a  piece  of  wood  or  paper,  &c.,  appear  to  continuously 
diminish  in  weight  when  burning  until  nothing  finally  remains  but  a  very  little  ash  ;  from 
which  it  is  supposed  that  the  candle,  wood,  and  paper  are  destroyed.  In  reality  not  only 
is  the  mass  bf  these  substances  not  destroyed  during  combustion,  but  if  all  the  gaseous 
products  of  combustion  are  collected  it  is  found  that  these  weigh  more  than  the  combustible 
substance  itself,  because  the  materials  of  which  the  wood,  candle,  paper,  &c.,  are  composed 
have  combined  with  the  oxygen  of  the  air,  in  the  absence  of  which  combustion  does  not  occur. 
If  we  actually  place  on  one  pan  of  a  balance  a  candle  and  a  glass  tube  filled  with  caustic 
soda  so  arranged  as  to  collect  the  products  of  combustion,  then,  on  balancing  these  with 
weights  in  the  other  pan  and  lighting  the  candle,  the  pan  containing  this  latter  will  gradually 
descend  as  the  candle  burns,  demonstrating  and  confirming  the  increase  of  weight.  An 
opposite  impression  to  the  apparent  one  produced  by  the  burning  candle  is  obtained  by 
burning  a  very  small  amount  of  black  gunpowder,  which  forms  an  enormo\is  volume 
of  smoke,  giving  the  appearance  of  a  true  increase  in  the  mass.  On  heating  mercury 
sulphocyanide  (Pharaoh's  serpents)  a  large  increase  of  volume  takes  place  which  gives  rise  to 
the  illusion  of  a  large  increase  in  the  amount  of  material,  but  in  reality,  with  the  balance, 
it  can  be  shown  that  the  gain  is  only  apparent.  A  very  minute  turnip  or  beetroot  seed 
buried  in  the  earth  reappears  after  some  months  in  the  form  of  a  very  large  tuber,  sometimes 
600,000  times  larger  and  heavier,  some  seeds  weighing  some  centigrammes  giving  tubers 
weighing  five  or  six  kilos.  But  in  this  case  also  the  weight  and  volume  have  been  gained 
by  the  abstraction  of  various  substances  from  the  earth  and  the  air. 

Also  among  the  more  complex  phenomena  of  physiology,  all  based  on  chemical  and 
physical  reactions,  we  meet  again  with  the  true  indestructibility  of  mass.  By  weighing 
the  materials  excreted  and  food  absorbed  by  any.  vegetable  or  plant  whatever,  we  find 
that  nothing  is  lost  and  that  the  part  which  is  not  assimilated  is  all  found  in  the  excretions 
of  the  organism.  The  vital  phenomena  of  both  animals  and  plants,  from  the  most  complex, 
such  as  those  connected  with  human  vitality,  in  which  a  man  consumes  about  one-fiftieth 
of  his  weight  in  food  daily,  down  to  the  most  simple,  such  as  those  connect<^  with  the  most 
elementary  types  of  living  beings,  such  as  amceba  or  certain  micro-organisms  composed  of 
one  cell  or  of  a  few  cells,  which  are  able  to  consume  up  to  three  hundred  times  their  own 
weight  of  food  per  day  with  prodigious  reproductive  powers,  a  bacterium  being  able  to 
generate  thousands  and  millions  of  similar  organisms  in  a  few  hours,  all  theso  vital 
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phenomena  are  based  on  continuous  chemical  transformations,  and  these  are  always 
founded  on  the  absolute  indestructibility  of  matter. 

In  all  the  immense  universe,  in  the  infinite  transformations  which  matter 
continually  undergoes,  not  a  single  particle  is  lost,  and  a  few  grammes  of 
matter  will  exist  unchanged  in  the  universe  a  million  years  later,  and  will 
weigh  exactly  as  much  to-day  as  they  have  weighed  for  a  million  years. ^ 

HISTORY  OF  CHEMISTRY 

Now  that  we  have  sought  to  explain  by  rational  hypotheses  the  essence  of  Nature  in 
her  various  forms  and  transformations,  we  will  glance  at  past  ages  in  order  to  gradually 
follow  the  investigations  of  our  predecessors  on  this  important  question.  We  will  thus 
have  an  idea  of  the  development  of  human  thought  in  the  interpretation  of  nature  and 
of  the  principal  phenomena  which  affect  the  human  senses,  in  order  to  then  give  an 
explanation  of  the  manner  in  which  the  rational  conceptions  of  modern  chemical  science 
arose. 

THE  EARLIEST  CIVILISATION.  We  will  turn  backwards  in  the  story  of  mankind, 
back  to  the  commencement  of  historic  documents  and  positive  descriptions,  and  stop 
when  the  ancient  legends  no  longer  permit  true  history  to  become  apparent.  We  will 
go  beyond  the  Middle  Ages,  the  Roman  epoch,  that  of  ancient  Greece,  500  years  B.C.,  and 
further  back  still  to  the  first  Egyptian  civilisation.  .  .  .  But  even  then  we  must  in 
fairness  and  justice  pass  beyond  this  to  the  ancient  Chinese  civilisation  and  the  Assyrio- 
Babylonian  civilisation,  to  a  civilisation  which  is  irrefutably  recorded,  and  which  would 
have  been  still  greater  if,  for  their  wiarlike  and  religious  undertakings,  the  rulers  had  thought 
fit  to  demand  conscientious  and  honest  scientists. 

Whilst  in  the  rest  of  the  world  barbarism  was  still  supreme,  in  China,  3000  years  B.C.  and 
in  Assyria  and  Babylonia  5000  years  B.C.,  there  was  already  a  civilisation  much  superior 
to  that  of  the  other  nations  who  were  still  groping  in  the  primitive  chaos  of  the  rudimentary 
formation  of  human  organisations.  Agriculture  flourished,  and  industry,  which  even  many 
centuries  later  was  in  its  infancy  in  other  continents,  had  risen  to  important  development 
in  these  parts  of  Asia. 

We  stand  astonished  before  the  art  of  our  greatest  artists,  before  the  pictures  of  the 
period  of  Giotto  and  the  Byzantine  epoch  ;  but  what  shall  we  say  of  the  truly  admirable 
works  of  art  which  the  yellow  man  produced  2000  and  3000  years  previously  ? 

When  we  admire  the  very  beautiful  works  of  Michelangelo,  who  reproduced  nature 
so  ably  and  studied  plastic  anatomy  by  dissecting  parts  of  animals  and  plants  in  order  to 
study  them  more  closely,  what  shall  we  say  of  the  surprising  reproductions  in  pictures, 
sculptures,  and  carvings  made  by  Chinese  about  2000  years  previously  and  by  the  most 
ancient  Egyptians  4000  years  before  ? 

Faithful  and  marvellously  exact  reproductions  of  nature  alive  and  dead  on  linen, 
bronze,  in  copper,  stoiie,  and  silk,  and  with  such  harmonious  and  simple  artistic  feeling 
that  they  are  capable  of  inspiring  the  artists  of  to-day !  Already  1000  years  B.C.  the 
walls  of  the  Chinese  palaces  were  painted  and  decorated  ;  and  200  years  B  c.  the  art  of 
portrait  painting  flourished. 

Whilst  the  powerful  Romans  in  their  frenzied  luxury,  which  led  to  corruption  of  their 
morals  and  total  decadence,  used  rich  silken  fabrics  imported  from  Asia,  in  China  the 

*  The  law  of  the  conservation  of  mass  has  not  found  any  exceptions,  and  all  the  exact  sciences  accept  as  an 
undiscussed  axiom  the  results  of  a  century  of  varied  researches  and  innumerable  experiments.  All  the  same,  the 
experimental  control  of  a  law  of  such  importance  Is  alwa3r8  interesting,  just  as  much  so  to-day,  when  science  has 
at  its  disposal  such  perfect  and  rigorous  apparatus,  as  in  times  past,  from  Lavoisier  until  now.  i^ndolt  and  Hoy- 
dweillertook  up  this  question  (1893, 1900,  1905)  with  the  most  exact  experiments  requiring  a  large  amount  of 
work.  In  two  arms  of  a  U-tubo  they  placed  two  mutually  rmctlvc  substances  ;  the  tube  was  then  sealed  in  the 
blowpipe  and  the  whole  weighed  on  a  most  exact  balance  (weighing  to  0*03  mgrm.) ;  after  agitating  and  mixing 
the  two  substances,  and  when  the  chemical  reaction  was  completed,  the  whole  apparatus  was  rcwcighcd.  Of 
seventy-five  reactions,  produced  with  hundreds  of  grammes  of  materials,  sixty^one  showed  a  very  slight  diminu- 
tion of  weight,  which  in  the  case  of  silver  sulphate  and  ferrous  sulphate  rose  to  0*3  mgms.  per  100  grms.  of  silver. 
It  has  been  argued  from  these  facts  that  in  the  shock  of  the  atoms  producing  the  new  chemical  reaction  minimal 
traces  are  split  off  from  these  atoms  (they  appear  not  to  be  electrons — tee  Electrons  below)  and  are  dispersed  by 
posiing  through  the  walls  of  the  glass  vessel.  As  a  matter  of  fact,  on  coating  the  walls  of  the  reaction  cliambcr 
with  paraffin  the  diminution  of  weight  disappeared,  even  in  the  case  of  ferrous  and  silver  sulphates.  In  the  last 
series  of  experiments  carried  out  by  Landolt  until  1908  the  small  differences  previously  observed  if  re  explained  ; 
the  0mall  diminutions  in  weight  are  also  obtained  before  the  reaction  if  the  substances  are  heated  tip  to  the  tem- 
perature of  reaction  before  they  are  mixed. 
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mftoipalation  of  silk  wae  already  well  understood  2200  years  B.C.  under  the  Ju  dynasty, 
and  was  in  fact  rapidly  approaching  perfection.  Only  150  years  B.c.  the  daughter  of  a 
Chinese  emperor  introduced  silk  manufacture  into  Japan,  and  from  there  it  slowly- 
extended  throughout  Asia  ;  only  in  the  third  century  of  otu*  era  was  it  imported 
into  Italy,  and  the  culture  of  the  silkworm  only  commenced  in  that  country  in  the 
year  600.1 

The  manufacture  6f  paper  only  commenced  to  be  known  in  Europe  at  about  a.d.  1200 
whilst  in  China  paper  made  from  hemp  and  bamboo  fibre  was  already  known  in  360  b.c. 
and  in  105  B.c.  a  Chinese,  Tsai-lun,  taught  the  manufacture  of  paper  from  silk  and  linen 
rags. 

Gunpowder,  which  was  first  used  in  Europe  about  a.d.  1200,  was  prepared  in  various 
ways  in  China  many  years  before  the  Christian  era,  and  was  introduced  into  Europe  by 
the  Arabs. 

The  Chinese  were  real  adepts  in  the  smelting  of  minerals  and  of  bronze  1800  years  B.C. 
In  the  Imperial  Museum  in  Pekin  there  are  collected  the  historic  treasures  of  the  Chang 
djrnasty  (1766  B.C. )  which  testify  to  the  delicacy  and  perfection  of  the  sculpture  and  carving, 
equal,  if  not  superior,  to  the  best  art  of  Greece  and  Tuscany  ;  our  modern  Western  civilisa- 
tion, in  its  comparatively  recent  vandalic  invasion  of  the  City  of  Heaven,  might  at  least 
have  refrained  from  laying  its  hands  on  these  artistic  and  historic  treasures. 

The  working  of  wood  and  leather  and  the  preparation  of  varnishes  are  also  extremely 
old  in  China.  The  production  of  porcelain,  which  dates  from  the  eighteenth  century  in 
Europe,  was  already  known  in  China  ten  centuries  previously. 

But  the  Chinese  have  precedence  not  only  in  ancient,  but  also  in  comparatively 
modern,  chemistry.  We  admire  Priestley,  who  discovered  and  isolated  the  important 
element  oxygen  in  1774,  and  we  admire  the  work  of  the  celebrated  Lavoisier  and  of 
Cavendish  in  connection  with  the  discovery  of  the  composition  of  water  in  or  about  the 
year  1783,  but  it  has  now  been  shown  by  Duckworth  (Chem,  News,  63,  1887,  p.  260)  that 
the  Chinese  knew  of  oxygen  and  the  composition  of  water  mnch  earlier  than  Priestley 
and  Lavoisier. 

The  Chinese  were  very  well  aware  of  the  hygienic  and  domestic  importance  of  water, 
and  were  the  first,  already  in  very  remote  historic  tiir.eSi  to  drill  numerous  wells  of  the 
kind  now  known  as  artesian  wells  in  order  to  obtain  good  water  from  the  subsoil, 
whilst  even  to-day  many  Italian  towns  and  country  places  are  without  potable  water. 

Even  in  their  philosophic  disquisitions  on  the  essence  of  nature  and  of  the  universe  we 
find  amongst  this  people  ideas  and  conceptions  inspired  by  very  piu'e  justice  and  morals  ; 
conceptions  much  clearer  than  those  of  the  Greek  philosophers  who  lived  several  centuries 
later.  When  Confucius,  the  founder  of  the  philosophic  religion  of  China,  conceived  the 
essence  of  nature  to  be  "  matter  inseparably  united  to  a  virtue  of  matter  itself,  and  to  the 
continuous  interchange  of  matter  and  of  this  virtue  "  he  had  realised  the  origin,  essence, 
and  rule  of  life. 

EGYPTIAN  CIVILISATION.  After  that  of  the  Chinese  the  oldest  civilisation 
is  that  of  the  Egyptians,  especially  in  reference  to  the  origin  of  chemistry  and  to  the  large 
number  of  experimental  observations  made  and  ingeniously  utilised  in  order  to  increase 
the  comfort*  of  life.  During  the  last  ten  years  important  discoveries  have  been  made  on 
the  ancient  Egyptian  civilisation  which  show  that  even  4000  years  B.C.  it  had  in  many 
points  almost  excelled  the  civilisation  of  China. 

If  we  turn  to  the  works  of  art  of  this  period  (even  2000  B.C.)  we  find  that  the  Egyptians 
knew  how  to  prepare  various  metals  and  alloys  ;  they  were  well  acquainted  with  dyeing, 
glass  manufacture,  and  also  the  preparation  and  employment  of  pharmaceutical  products 
and  antiseptics. 

Chemistry  was  considered  a  sacred  art ;  it  was  exercised  by  priests  and  was  only 
accessible  to  the  elect.  The  temples  were  connected  with  laboratories  in  which  every  kind 
of  chemical  operation  was  conducted. 

Even  the  origin  of  the  name  "  chemistry,"  now  so  much  discussed  and  debated,  must 
almost  certainly  be  sought  in  the  name  which  the  Egyptians  gave  to  their  country,  Chemia, 

*  The  Cliincso  were  well  acquainted  with  the  dyeing  of  fabrics.  The  use  of  indigo  also  originated  with  the 
old  Chinese  civilisation,  an  the  indigo-blue  fabrics  found  in  Europe,  even  at  the  time  of  the  decadence  of  Rome, 
all  came  from  the  East  ;  this  was  proved  by  an  analysis  of  the  remains  of  the  mantle  of  St.  Ambrose  by  Prof. 
Frapoli  (1872)  and  by  Prof.  Camelutti  (1884)  at  the  Society  for  the  Encouragement  of  Arts  and  Manufactures  of 
Milan. 
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on  account  of  the  black  colour  of  the  soil  (they  called  the  pupil  of  the  eye  by  the  same 
name).  Therefore  the  first  ideas  of  chemistry  in  Europe  came  from  Egypt,  imported  by 
the  Greeks  and  Romans,  and  later  by  the  Arabs,  so  that  it  is  probable  that  by  "  chemistry  " 
they  understood  the  science  and  art  of  the  country  of  the  Egyptians  (Chemia).^ 

The  £g3rptians  were  fully  aware  of  the  putrefactive  action  of  the  air  on  corpses,  and, 
therefore,  preserved  their  dead  out  of  contact  with  the  air.  Everybody  knows  how  the 
Egyptian  mummies  have  been  preserved  unaltered  down  to  our  own  times. 

The  Egyptians  were  the  first  to  construct  wells  lined  with  masonry  in  order  to  obtain 
good  and  wholesome  water,  whilst  the  other  early  peoples  made  use  of  the  water  of  springs 
or  tanks  (except  the  Chinese,  who  already  used  artesian  wells). 

All  the  objects  of  art  of  the  early  Egyptians  (statues,  ornaments,  temples,  &c.)  in  wood 
or  stone,  were  painted  in  various  colours.  Paintings  produced  1600  B.o.  show  distinctly 
the  use  of  fifteen  different  colours.  White  paint  was  prepared  from  gypsum  mixed  with 
white  of  egg  or  honey ;  yellow  was  obtained  with  natural  arsenic  sulphide  or  ochre,  red 
with  ochre  or  dnnabar,  blue  with  lapis  lazuli  (an  aqueous  phosphate  of  aluminium,  mag- 
nesium and  ferrous  iron)  or  with  powdered  copper  sulphate,  black  with  animal  charcoal ; 
a  little  gum  tragacanth  was  added  to  the  water  used  in  mixing  these  colours. 

The  art  of  design  in  Egypt  dates  from  prehistoric  times.  It  became  bizarre  because 
it  did  not  consider  the  perspective  of  the  human  body.  It  is  found  that  in  design,  as  a 
general  rule  the  legs  and  feet  are  drawn  from  the  side,  the  bust  from  the  front,  the  head  in 
profile,  and  the  eye  from  the  front.  The  manufacture  of  glass  vessels  among  the  ancient 
Egyptians  was  very  noteworthy.  They  knew  and  used  soda,  potash,  alum,  nitre,  iron, 
copper,  tin,  lead,  gold,  and  silver. 

The  scientific  activity  of  the  Egyptians  was  concentrated  in  Alexandria,  which  was 
the  most  important  city  in  the  world  apart  from  Rome.  In  Alexeuidria  the  best  scientific 
and  philosophical  institutions  existed  together  with  the  world's  largest  library,  containing 
700,000  volumes ;  but  this  was  completely  destroyed  in  the  year  641  after  the  Arab 
invasion. 

INDIAN  AND  GREEK  CIVILISATION.  The  Egyptian  civilisation  was  closely 
connected  with  that  of  the  Greeks,  who  obtained  much  of  their  knowledge  of  nature  and 
philosophy  from  Egypt.  We  will  only  refer  to  those  matters  related  to  the  history  of 
chemistry. 

But  for*the  sake  of  historic  accuracy  it  is  well  to  remark  that  the  fundamental  concep- 
tions on  the  nature  of  the  universe,  attributed  by  almost  all  historians  to  the  first  Greek 
philosophers,  have  their  real  origin  in  India.  The  Indian  civilisation  was  in  some  of  its 
manifestations,  especially  in  the  realm  of  art,  superior  to  that  of  Egypt.  It  is  maintained 
in  various  Indian  writings  that  the  whole  world  is  composed  of  four  elements,  water, 
earth,  wind,  and  fire,  and  that  everything  is  produced  by  their  union  ;  to  these  the  philo- 
sophy of  the  sect  of  the  Djainas  added  a  fifth  element,  the  ether,  whilst  Buddha 
(623-543  B.a)  introduced  a  sixth,  namely,  consciousness  ;  the  Buddhists  believed  in 
Nirvana,  that  is,  the  end  of  all  beings  and  return  to  nullity,  to  universal  emptiness,  to 
unformed  nature,  and  forestalling  Schopenhauer  and  many  modern  positivists  they  con- 
fusedly denied  the  existence  of  matter,  maintaining  that  everything  which  exists  is 
nothing  more  than  a  collection  of  subjective  impressions. 

In  the  Greek  civilisation  we  find,  600  years  b.g.,  Thales,  one  of  the  seven  wise  men 
of  Greece,  a  contemporary  of  Solon,  who  considered  the  whole  of  the  universe  to  be  derived 
from  one  single  substance,  water.  Very  soon  afterwards  we  have  Anaximenes,  who 
considered  air  to  be  the  primary  material,  with  the  property  of  infinite  movement ; 
Heraclitus  (500  B.c.)  maintained  and  pretended  to  demonstrate  that  the  essence  and 
origin  of  nature  was  fire,  Anaxagoras  (500  B.C.),  on  the  contrary,  believed  that  nature 
was  formed  from  a  single,  continuous,  and  uninterrupted  material,  infinitely  divisible 
without  any  interspace  (the  h3rpo thesis  of  homeomeria),  and  not  endowed  with  a  move- 
ment of  its  own,  but  with  movements  imparted  to  it  by  an  immaterial,  supernatural 
intelligence. 

All  these  are  vague  rudimentary  conceptions  of  the  unity  of  matter  to  which,  after  many 

*  The  word  "  chlmica  "  was  alroady  used  In  writing  In  the  time  of  Constantino  the  Great  (a.d.  325)  in  a  boolc  of 
Julius  Firmicufl  llatemua,  a  writer  of  that  epoch,  in  which,  writing  on  astronomy,  he  declares  that  the  position 
of  the  moon,  rdatively  to  a  given  planet,  influences  the  fate  of  those  bom  at  the  time,  and  thus  when  the  moon 
is  near  Satam  those  bom  at  that  time  are  destined  to  study  "  chemistry."  But  it  can  be  safely  maintained  that 
the  word  chemistry  waa  well  Icnown  to  the  Emperor  Diocletian  (a.d.  300),  who  stated  with  pride  that  he  bad 
caused  to  be  burnt  all  the  Sgyptian  booiu  which  spolce  of  the  chemistry  of  gold  and  silver. 
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centuries,  we  try  to  return  to-day  encouraged  by  the  latest  deductions  of  positive 
science. 

About  the  year  430  B.O.  a  more  brilliant  philosopher,  Leucippus  (bom  at  Elea),  dis- 
heartened by  the  "  numbers  "  and  obscure  philosophy  of  Pythagoras  and  the  sophisms  of 
his  master  Zcno,  devoted  himself  to  the  study  of  nature.  By  considering  the  already 
preconceived  ideas,  he  came  to  the  conclusion  that  the  universe  is  infinite  and  that  the 
filled,  ponderable  part  of  it  is  composed  of  extremely  small  particles  or  imperceptible 
atoms  of  determinate  form  varying  from  substance  to  substance ;  these  infinitely  numerous 
atoms  move  in  empty  space,  collide  with  one  another  and  occasionally  unite  with  similar 
atoms. 

We  have  here  the  real  origin  of  the  atomic  theory,  the  foundation  of  modem  chemistry, 
which  remained  buried  for  about  twenty-four  centuries. 

After  the  death  of  Leucippus  he  was  followed  by  Democritus  (bom  about  400  B.C.) 
whose  memory  will  last  in  the  history  of  philosophy.  He  continued  to  teach  the  opinions 
of  his  master  on  the  essential  character  of  nature,  adding  that  all  the  atoms  are  composed 
of  a  single  substance,  differing  only  in  their  form,  by  means  of  which  they  give  rise  to  the 
various  bodies  and  to  their  properties.  He  taught  also  that  the  atoms  are  endowed  with 
continuous  motion,  and  that  matter  is  eternal. 

The  only  followers  of  Democritus  were  Epicurus,  350  B.C.,  and  Lucretius,  90  B.c. 
It  seems  incomprehensible  to-day  that  such  a  brilliant  hypothesis  should  have  been  dis- 
regarded for  so  many  centuries,  as  it  contributed  so  largely  later  to  the  formation  of 
modern  chemical  theory. 

A  philosopher  of  Sicilian  origin  (from  Agrigentum)  but  who  had  lived  for  long  in  Greece, 
named  Empedocles  (490-430  B.C.)  united  to  a  brilliant  intelligence  the  most  impudent 
quackery,  arrogating  to  himself  almost  Divine  qualities.  He  believed  in  the  atomistic 
theory  in  order  to  explain  the  intimate  nature  of  matter,  but  maintained  on  the  other 
hand  that  matter  manifests  itself  to  us  through  four  fundamental  elements,  namely,  water, 
air  (that  is,  the  "  wind  "  of  the  East  Indians),  fire,  and  earth.  This  subdivision,  which  lasted 
through  many  centuries,  is  certainly  much  less  brilliant  than  the  theories  of  LcAicippus 
and  Democritus,  and  was  evidently  taken  from  the  Indian  philosophers. 

Then  comes  Aristotle  (380-322  B.C.),  a  pupil  of  Plato,  to  whom  many  historians 
erroneously  attribute  the  theory  of  Empedocles  on  the  four  elements.  Whilst  Aristotle 
had  imdoubtedly  brilliant  conceptions  in  abstract  philosophy,  since  he  dared  to  affirm 
for  the  first  time  that  the  human  mind  is  like  a  blank  tablet  on  which  experience  writes 
that  which  is  perceived  by  the  senses,  in  the  observation  of  natiu'al  phenomena  on  the 
other  hand,  he  increased  the  confusion  due  to  Empedocles,  and  starting  from  the  mani- 
festations of  the  four  elements,  he  deduced  four  essences  of  nature,  namely,  heat,  cold, 
humidity,  and  dryness.  According  to  him,  water  was  composed  of  cold  and  humidity  ; 
earth  of  cold  and  dryness  ;  air  of  heat  and  humidity ;  and  fire  of  heat  and  dryness.  As 
these  four  elements  were  insufficient  to  explain  all  natural  phenomena,  he  imagined  a 
fifth  of  a  superior  order,  which  he  called  the  fifth  essence  {quinta  essenza),  which  was, 
however,  of  an  ethereal  character,  more  or  less  spiritual  and  diffused  through  the  universe. 
Here  also  we  find  an  adaptation  from  the  Indian  philosophy.  Wo  owe  to  Aristotle  the 
first  attempts  to  apply  the  experimental  method  in  science.  Wishing  to  discover  whether 
air  possessed  weight,  he  placed  an  inflated  bladder  on  the  balance  and  then  deflated  it. 
As  he  found  no  difference  in  weight,  after  deflation,  he  concluded  that  air  had  no  weight. 
Continuing  his  studies  on  the  nature  of  air  he  was  led  to  deny  the  possibility  of  a  vacuum, 
and  the  aphorism,  "  Nature  abhors  a  vacuum  "  is  due  to  Aristotle.  This  idea  was  main- 
tained for  many  centuries  until  the  time  of  Galileo. 

In  the  time  of  the  Greeks  seven  metals  were  already  well  known  :  gold,  silver,  copper, 
iron,  lead,  and  tin ;  and  the  treatment  of  various  ores  was  also  known.  Dioscorides 
(a.d.  50)  prepared  mercury  from  cinnabar. 

ROMAN  CIVILISATION.  The  evolution  of  experimental  methods  as  applied 
to  science  received  a  great  impulse  from  Archimedes  (280  B.C.),  who  by  measuring  specific 
gravity  was  able  to  determine  how  much  silver  was  contained  in  the  cro\*Ti  of  King  Hicro. 
This  same  Archimedes  fell  a  victim  to  the  Roman  soldiers,  more  eager  for  booty  than  for 
science.  Roman  civilisation  had  little  influence  on  the  progress  of  chemical  knowledge 
and  the  study  of  nature.  Civil  legislation,  art,  and  the  desire  for  conquest  and  warlike 
rapine  did  not  leave  much  time  for  such  studies,  but  we  may  recall  the  marvellous  and 
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ooloflsal  hydroolio  works  of  the  Romans  which  furnished  Rome  with  abundant  supplies 
of  good  water.  Rome  had  fifteen  aqueducts,  and  the  three  which  remain  to-day  alone 
sufiSce  to  supply  water  to  the  whole  of  the  city.  From  this  one  sees  that  water  was  then 
used  abundantly  for  baths  and  otlier  purposes. 

We  must  also  note  Pliny,  bom  at  Como  a.d.  23,  who  died  in  the  year  79,  in  the  neigh- 
bourhood of  Vesuvius  during  the  famous  eruption  which  buried  Pompeii.  He  collected, 
in  a  species  of  enclycopasdia  of  thirty-seven  volimies,  which  has  survived  to  our  times, 
the  "  Historia  Naturalis,"  all  the  natural  kno (pledge  which  existed  at  his  epoch,  and  in  this 
work,  often  confused  and  contradictory,  many  facts  were  assembled  without  control, 
but  purely  for  reference,  which  are  a  valuable  record  of  the  chemical  knowledge  of  the 
time. 

At  the  time  of  Pliny  chemical  theory  was  still  based  on  the  four  Aristotelian  pro- 
perties of  matter,  and  Pliny  himself  stated  in  all  sincerity  and  certainty  that  rock  crystal 
was  nothing  else  than  powerfully  frozen  water,  frozen  much  more  than  ice.  According  to 
Pliny  cold  had  the  natural  property  of  solidifying  and  hardening.  Pliny  indicates  in 
his  Historia  NcUiaralis  that  the  air  forms  clouds — that  these  are  changed  into  water,  and 
that  this  is  again  transformed  into  air  by  evaporation. 

For  many  centuries  afterwards  chemistry  remained  under  the  domination  of  the  Aris- 
toteliaji  conceptions.  These  conceptions  on  the  transformations  of  matter  gave  rise  to 
the  belief  of  the  possible  transformation  of  other  metals  into  the  noble  metal?  ;  and  thus 
the  chemistry  of  the  Middle  Ages  became  a  sort  of  magical  speculation,  and  was  limited  to 
attempts  to  manufacture  gold  from  other  metals. 

ARAB  CI  VIL I SATION.  Egypt  gave  a  strong  impulse  to  the  development  of  chemistry 
and  of  philosophy.  It  was  from  Egypt  that  chemical  science  was  rapidly  diffused  by 
means  of  the  Arabs.  The  Arabs  invaded  Egypt  in  640,  conquered  the  whole  of  North 
Africa,  and  finally  even  Spain.  They  continued  researches  for  the  manufacture  of  gold 
and  silver.  The  word  chimica,  which  they  found  in  Egypt,  was  by  them  modified  by 
adding  the  Arab  definite  article,  and  they  thus  formed  the  word  "  alchimia  "  (alchemy). 

The  greatest  and  most  famous  Arab  alchemist  was  Gebir,  whose  fame  was  universal 
and  whose  writings  were  generally  consulted  and  afterwards  translated  into  Latin.  He 
lived  about  a.d.  800,  and  being  a  follower  of  the  principles  of  Aristotle,  he  imdertook  a 
series  of  chemical  experiments  in  order  to  discover  the  preparation  of  gold.  He  also 
described  in  detail  furnaces,  retorts,  and  much  other  apparatus.  He  succeeded  in  puri- 
fying many  substances  by  means  of  solution,  crystallisation,  filtration,  distillation,  and 
sublimation.  He  was  acquainted  with  alum,  green  iron  vitriol,  saltpetre,  and  sal  ammoniac. 
He  describes  for  the  first  time  nitric  acid  and  aqua  regia  ;  he  prepared  many  derivatives 
of  merctiry,  and  it  is  not  impossible  that  he  already  knew  of  sulphuric  acid. 

Starting  from  the  Grecian  philosophy  and  whilst  investigating  the  possibility  of  pre- 
P^i^g  gold  from  other  metals,  Gebir  propounded  a  new  chemical  theory,  according  to 
which  all  the  metals  always  contained  two  substances  in  variable  proportions  according 
to  their  nature.  He  believed  these  two  substances  to  be  mercury  and  sulphur.  The 
first  of  these  produces  fusibility,  ductility,  and  the  metallic  lustre  ;  sulphur,  on  the  other 
hand,  produces  the  various  modifications  which  the  metals  imdergo  when  heated.  By 
varying  the  proportions  of  these  two  elements,  we  should  be  able  to  pass  from  one  metal 
to  another.  Gold  and  silver*  according  to  Gebir,  contain  much  mercury  ;  therefore  they 
are  very  lustrous  ;  but  gold  also  contains  yellow  sulphur,  whilst  s^ver  contains  white 
sulphur. 

This  phase  of  chemistry,  called  alchemy,*lasted  until  the  thirteenth  centary  under  the 
ufluence  of  the  Arabs,  and  then  extended  rapidly  from  Spain  throughout  Europe  ;  thus 
we  find  Lull  in  Spain  in  1200  ;  ViQanova  in  France  in  1300  ;  Magnus  in  Germany  in  1250, 
and  Thomas  of  Aquinas  (the  saint)  in  Italy  in  1250 — ^for  he  also  was  an  alchemist  and 
studied  many  minerals. 

The  alchemists  of  this  period  are  represented  with  long  hair  and  a  beard,  as  persons 
clothed  in  ample  vestments  and  locked  up  in  impenetrable  laboratories,  completely  intent 
and  absorbed  in  the  search  for  gold.  Later,  Basil  Valentine  (a  German  monk  of  whom 
the  true  family  name  is  not  known)  dedicated  himself  about  the  year  1500  to  the  search 
for  the  philosopher's  stone,  by  means  of  which  all  metals  and  other  objects  would  be  con- 
verted on  contact  into  precious  metals.  Then  other  things  followed.  It  was  believed 
that  it  would  be  possible  by  means  of  the  philosopher's  stone  to  restore  youth  to  the  aged. 
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Certain  facts  supported  these  alchemists  in  their  pretensions  to  manufacture  gold  from 
other  metals.  These  consisted  in  the  fact  that  during  prolonged  treatment  of  certain 
ores  traces  of  gold  resulted.  It  is  no  longer  doii^^ted  that  this  gold  is  simply  present  as 
an  impurity  in  the  ores  employed. 

An  alchemist  of  Hamburg  named  Brandt  searched  for  the  philosopher's  stone  in  urine 
in  1669.  He  heated  and  slowly  evaporated  enormous  quantities  of  mine  in  large  alembics, 
hoping  to  finally  discover  the  famous  stone.  As  it  happened,  to  his  extreme  surprise 
and  the  intense  amazement  of  his  contemporaries,  he  actually  obtained  a  new  substance 
which  evolved  light  in  the  dark,  namely,  phosphorus. 

To  the  two  components  of  metals,  mercury  and  sulphur,  Basil  Valentine  added  a  third, 
namely,  salt,  and  from  that  time  the  study  of  the  metallic  salts  commenced. 

lATROCHEMISTRY.  With  Paracelsus,  a  Swiss  (1493-1641 ),  a  new  phase  of  alchemy 
commences,  called  iatrochemistry,  that  is,  the  chemistry  of  medicines  to  prolong  the  life 
of  mankind.  Paracelsus  combated  the  theories  of  the  celebrated  medical  men  Galen 
(131  B.C.)  and  Avicenna,  an  Arab  (800  B.C.).  He  considered  man  as  a  chemical  combina- 
tion, and  stated  that  illnesses  occurred  because  this  combination  was  altered,  consequently 
illness  could  only  be  cured  by  chemical  means.  The  purpose  of  chemistry,  according  to 
him,  was  not  to  search  for  gold  but  to  prepare  medicines,  and  this  search  led  him  to  im- 
portant discoveries.  He  travelled  throughout  Etirope,  Egypt,  and  Turkey,  was  Professor  of 
'  Medicine  at  Basle  and  died  at  Salzburg  in  very  great  poverty.  This  was  the  bitter  reward 
for  his  honesty,  as  he  always  fought  against  the  quackery  and  stupidity  of  the  self-styled 
manufacturers  of  gold,  by  whom  he  was  persecuted,  directly  or  indirectly,  until  his  death. 
The  contemporaries  and  successors  of  Paracelsus  were  Agricola  in  Germany  (1490-1553), 
who  carefully  studied  the  smelting  of  metals,  and  Libavius,  also  in  Germany  (1540-1616), 
who  wrote  the  first  text-book  of  alchemy,  in  which  he  collected  all  the  chemiccd  knowledge 
of  the  time  ;  Van  Helmont  of  Brussels  (1577-1644),  who  was  a  medical  man  of  w^orld- 
wide  celebrity,  studied  alchemy  in  the  same  sense  as  Paracelsus,  distinguiBhed  for  the 
first  time  various  kinds  of  gases,  and  identified  the  gas  produced  in  fermentation  with 
that  from  the  Grotto  of  Dogs  (near  Naples). 

He  believed  vaguely  that  the  first  cause  of  all  things  was  water  and  something  super- 
natural which  was  combined  with  it.^ 

The  first  to  openly  attack  the  Aristotelian  hypothesis  on  the  constituents  of  nature, 
heat,  cold,  humidity,  and  dryness,  were :  the  brilliant  but  not  always  sincere  English 
philosopher,  Francis  Bacon  (1662-1626),  who  revived  the  atomic  hypothesis  of  Democritus, 
maintained  that  matter  was  indestructible,  and  who  intuitively  guessed  by  means  of 
philosophical  speculation  the  existence  of  universal  gravitation  ;  he  clarified  ideas  on  the 
inductive  method  applied  to  science,  basing  natural  laws  on  known  facts  and  on  experience, 
in  a  manner  first  started  by  Palissy,  Leonardo  da  Vinci,  and  Paracelsus.  He  may  be 
considered  as  the  first  founder  of  the  inductive  method  [set  below). 

Bacon  already  defined  heat  as  the  effect  of  a  motion,  extension,  and  undulation  of  the 

^  To  form  an  idea  of  the  extravagant  conceptiouB  held  even  by  the  latrocheniists  with  regard  to  medicinen 
and  the  cause  of  diseases,  it  is  necessary  to  read  the  writings  of  Van  Uelmont  (1626)  on  "  The  Causes  and  Nature 
of  Fever."  We  will  confine  ourselves  here  to  translating  the  recipe  of  his  celebrated  ointment  which  was  supposed 
to  cure  any  fever,  especially  quartan-fever  :  "  One  heats  in  a  brass  pan  1^  oz.  of  turpentine  of  Cyprus  and 
then  introduces  fifteen  live  spiders  and  mixes  until  the  spiders  have  disappeared  ;  one  then  places  the  whole  on 
the  fire  and  continues  to  stir,  introducing  as  many  cobwebs  as  the  spiders  would  presumably  have  spun,  or,  if 
cobwebs  arc  lacking,  one  adds  nine  other  small  spiders  and  agitates  further  ;  one  then  adds  1^  oz.  of  good  asphalt e 
andl  oz.  of  white  sal  ammoniac,  and  allows  to  cool  until  one  obtains  a  paste  which  is  allowed  to  stand  for  fifteen 
days.  Meanwhile  one  prepares  a  special  oil  in  the  following  manner  :  One  mixes  oil  of  fresh  water-lily  flowers, 
one  year  old,  with  oil  of  bitter  almonds  ;  nine  live  scorpions  are  then  introduced  and  the  whole  is  exposed  to  the 
sun  when  tliis  is  in  the  constellation  of  the  Virgin  or  of  the  Crab,  and  it  is  left  thus  mitil  the  scorpions  are  dead  ; 
1  oz.  of  pastel  of  female  vipers  is  then  added  and  it  is  left  in  the  sun  for  a  further  fifteen  days.  The  oil  is  then 
ready.  The  paste  is  then  softened  on  the  fire  and  worked  up  by  means  of  the  hands  with  the  oil  already  prepared 
in  such  a  manner  that  a  paste  is  obtained,  which  is  spread  out  on  a  skin,  which  is  then  cut  into  pieces  as  large 
as  a  dollar.  And  now  follows  the  method  of  application  :  An  hour  before  the  fever  appears  one  ties  two  of  these 
ointment  preparations  to  the  wrists  of  the  patient  and  leaves  them  for  exactly  nine  days  (nine  were  the  small 
spiders  and  nine  the  scorpions  I),  takes  them  off  at  the  same  hour  at  which  they  were  applied  and  throws  them 
into  running  water.  Whatever  be  the  nature  of  the  fever,  aft«r  this  cure  it  \i'ill  disappear." 

Who  would  suppose  that  after  four  centuries,  even  in  Italy  amongst  the  ignorant  mass  of  the  cities,  similar 
recipes  are  still  largely  used  ?  Still  more  remarkable  are  the  ideas  of  Paracelsus.  His  sudorific  with  a  mercury 
base  was  celebrated  for  a  long  time,  and  was  8upi)o»cd  to  cure  an  extraordinary  number  of  maladies. 

In  1894  two  interesting  documents  saw  the  light  {Chem.  Zeitg.,  18,  p.  1998)  which  showed  that  alchemy 
survives  even  in  our  own  time.  Those  arc  two  letters  of  a  modem  Oerman  alchemist  who  oifcrs  himself  to  the 
owner  of  a  copper  mine  to  place  at  his  disposal  hlH  secret  for  extracting  £12  worth  of  gold  from  each  50  kilos  of 
old  copper,  whatever  ma"  be  its  ori<Tin,  and  demand!  a  fee  ol  10,000  thaler,  about  £1600,  for  revealing  the  said 
secret,  which  had  ooet  him  thirty  yeazz  of  work. 
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smallest  particles  of  substances.  Then  Qlauber  (1660),  cleared  up  the  composition  of 
salts,  especially  of  sodium  sulphate,  which  still  bears  his  name  (Glauber's  salt),  and  com- 
menced already  to  develop  technical  chemistry,  although  he  always  remained  a  follower 
of  iatrochemistry. 

Lemery  (Rouen,  1645-1717)  extended  the  conceptions  of  chemistry,  and  in  his  book 
"  Gouts  de  Chimie,"  published  in  1675,  divided  this  science  into  the  study  of  organic 
substances  (animals  and  vegetables)  and  of  inorganic  substances  (minerals).  In  a  few 
years  thirteen  editions  of  his  book  were  published.  Before  this  time  the  greatest  con- 
fusion reigned  in  the  classification  of  substances.  It  will  suffice  if  we  cite  a  single  example. 
Antimonious  chloride  was  called  butter  of  antimony  on  account  of  its  white,  pasty 
appearance,  and  for  this  reason  was  classed  side  by  side  with  ordinary  butter  from 
milk. 

PNEUMATIC  CHEMISTRY.  Whilst  alchemy  and  iatrochemistry  were  gradually 
losing  ground,  Robert  Boyle  (1627-1691)  founded  a  new  era  in  chemistry,  namely,  that 
of  pneumatic  chemistry,  which  was  specially  concerned  with  the  study  of  gases.  He 
defined  more  exactly  the  nature  of  elementary  bodies  and  of  chemical  compounds,  and 
showed  that  chemistry  should  not  mainly  serve  for  alchemistic  or  therapeutic  purposes, 
but  should  form  a  study  apart,  constituting  one  of  the  natural  sciences. 

Boyle  was  the  first  in  England  to  erect  a  chemical  laboratory  for  experimental  research, 
at  the  University  of  Oxford,  and  was  supported  in  this  by  all  the  other  professors.  He 
obtained  nitric  acid  by  distilling  nitre  with  sulphuric  acid  ;  he  discovered  the  characteristic 
reaction  of  copper  with  ammonia,  of  chlorides  with  silver  nitrate,  and  of  iron  with  tannic 
acid  ;  he  perfected  the  air-pump,  and  studied  combustion  in  a  vacuum  ;  he  foimd  that 
sulphur  will  not  bum  in  a  vacuum,  and  that  the  flames  of  hydrogen  and  of  a  candle  die  out, 
whereas  gunpowder  ignites  in  a  vacuum  if  heated  on  an  iron  plate,  and  fulminate  of  gold 
explodes  in  a  vacuum  under  the  influence  of  concentrated  light  rays  from  a  lens.  He 
deduced  thus  that  the  substance  which  supports  combustion  in  air  is  analogous  to  that 
contained  in  the  nitre  which  is  a  constituent  of  the  gunpowder. 

Boyle  was  the  first  to  state  that  on  burning  or  heating  metals  in  a  furnace  these  show 
an  increase  in  weight  after  cooling  ;  thus  on  heating  mercury  another  substance  is 
formed  because  the  mercury  absorbs  or  combines  with  some  part  of  the  products  composing 
the  flame. 

CHEMISTRY  OF  PHLOGISTON.  The  study  of  combustion  occupied  the  chemists 
of  this  epoch  for  another  century,  commencing  with  Hooke  (1635,  the  inventor  of  the  pocket- 
watch)  and  Mayow  (1645),  pupils  of  Boyle,  who  demonstrated  that  the  gas  which  is  formed 
on  heating  nitre  is  the  same  which  is  found  in  air  and  which  maintains  combustion  of  a 
fire  and  the  vitality  of  animaLs.  Mayow  showed  that  there  is  also  a  gas  in  air  which  does 
not  maintain  combustion.  Becher  (1635-1682)  brought  forward  a  new  hypothesis  on 
combustion,  which  was  defined  and  developed  by  Stahl  (1660-1734),  according  to  which 
all  combustible  bodies  are  formed  of  at  least  two  components,  one  of  which  is  evolved 
during  combustion,  the  other  remaining.  On  calcining  a  metal  in  a  furnace  one  of  the 
components,  called  phlogiston,  escapes,  and  the  calx  of  the  metal,  which  we  to-day  call 
the  oxide,  remains.  Thus  a  metal  is  composed  of  phlogiston  and  of  the  calx  of  the  metal 
(oxide).  On  heating  a  metallic  calx  with  carbon  the  metal  is  re-formed,  that  is,  the 
carbon  has  restored  phlogiston  to  the  calx,  forming  the  metal.  As  a  result  of  this  theory 
it  followed  thikt  the  metals  were  compound  bodies,  the  weight  of  which  should  diminish 
on  heating,  because  they  lost  one  of  tiieir  components,  the  phlogiston.  But  in  practice 
this  is  found  not  to  be  true,  for  on  the  contrary  metals  increase  when  heated  in  the  air 
as  Boyle  had  already  observed.  The  supporters  of  the  phlogiston  theory  explained  this 
evident  contradiction  of  their  hypothesis  by  supposing  that  the  increase  of  weight  was  due 
to  the  increase  of  density  (according  to  wldch  reasoning  on  compressing  a  bundle  of  straw 
its  absolute  weight  would  be  increased). 

The  phlogiston  hypothesis,  however  erroneous,  contributed  very  much  indirectly  to 
the  development  of  chemistry,  because  by  generalising  and  applying  it  to  numerous 
substances  discoveries  of  new  bodies  and  studies  of  very  varying  phenomena  were 
made. 

Various  gases  formed  during  combustion  were  studied  and  knowledge  of  the  behaviour 
of  metals  in  general  was  increased. 

The  first  formidable  attack  on  the  phlogiston  hypothesis  was  made  by  Black  (1728-1799), 
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who  showed  in  1766  that  on  heating  magnesia  alba  to  redness  a  constant  quantity  of  fixed 
air  (carbon  dioxide),  and  not  of  phlogiston,  was  evolved,  and  that  the  weight  of  the  remaining 
magnesia  was  less.^ 

Black  may  thus  be  considered  to  be  the  founder  of  quantitative  gravimetric  chemistry, 
although  the  control  of  chemical  phenomena  by  taking  the  weight  into  account  had  already 
in  some  cases  been  exercised  by  Boyle.  Black  discovered  carbon  dioxide,  which  he  called 
"  fixed  air,"  and  identified  in  many  varied  cases  :  on  heating  magnesia  to  redness  or  treating 
it  with  acids,  on  burning  carbon,  on  breathing,  &c. 

He  also  discovered  the  specific  heat  and  latent  heat  of  bodies. 

Pneumatic  chemistry,  which  had  its  origin  in  the  experiments  of  Van  Helmont  (1540), 
who  was  already  vaguely  acquainted  with  carbon  dioxide  and  other  gases,  and  which  was 
developed  by  the  work  of  Boyle,  Hooke,  and  Mayow,  was  greatly  extended  by  the  work  of 
Black. 

But  the  greatest  contribution  was, due  to  Priestley  (1735-1804),  who  also  studied  the 
gases  of  combustion,  and  from  the  respiration  of  animals  and  plants.  He  discovered 
nitrogen,  carbon  monoxide,  nitric  and  nitrous  oxides,  and  the  still  more  important  gas, 
oxygen,  by  heating  mercuric  oxide  (August  1, 1774)  in  a  vacuum  with  a  strong  lens,  and  was 
the  first  to  determine  with  exactness  the  specific  gravity  of  gases.  He  always  remained  a 
faithful  and  tenacious  supporter  of  the  phlogiston  theory. 

Cavendish  (1731  -1810)  was  a  more  exact  experimentalist  than  Priestley.  He  discovered 
hydrogen  by  treating  metals  with  dilute  acids,  1766.  He  showed  that  by  combustion  of 
hydrogen,  water  alone  was  formed  (1781,  together  with  Watt).  He  also  discovered  that  air 
is  a  simple  mixture  of  two  gases,  oxygen  and  nitrogen,  which  are  mixed  in  well-defined  and 
constant  proportions. 

Contemporaneously,  but  independently,  the  Swede,  Scheele  (1742-1786),  also  arrived 
by  other  means  at  the  same  discovery,  and  apart  from  oxygen,  he  discovered  nitrogen, 
chlorine,  many  organic  and  inorganic  acids,  glycerine,  &c. 

The  history  of  the  period  of  the  older  chemistry  now  ceases,  because  with 
Lavoisier,  that  is,  with  the  end  of  the  eighteenth  century,  we  commence  the 
history  of  modem  chemistry,  which  has  been  the  carrier  of  such  abundant 
benefits  to  progress  and  civilisation,  surpassing  in  a  single  century  all  which 
had  been  produced  during  the  previous  forty  centuries.  Boyle  had  already 
stated  that  chemistry  should  be  considered  as  a  science  apart,  as  a  distinct 
branch  of  the  natural  sciences.  Stahl  had  defined  chemistry  as  the  science 
which  has  for  its  scope  the  resolution  of  compound  substances  into  their 
constituent  elements  and  the  reconstruction  from  them  of  other  substances. 

Summarising  the  state  of  chemical  theory  and  knowledge  towards  the 
middle  of  the  eighteenth  century,  we  find  that  seventeen  elements  were  known 
at  that  time  and  that  the  metals  were  subdivided  into  :  Perfect  metals,  such 
as  gold  and  silver ;  imperfect  metals,  such  as  copper,  iron,  tin,  lead,  and 
mercury  (because  this  latter  could  be  frozen !) ;  semi-metals  (i.e.  those  which 
were  less  ductile),  such  as  arsenic,  antimony,  bismuth,  zinc  (discovered  in 
1735),  cobalt  (in  1751),  nickel  (in  1774),  manganese  (about  1780),  molybdenum 
and  tungsten  ;  platinum  (1750)  was  considered  as  a  special  metal.  Sulphur, 
phosphorus,  and  carbon  were  considered  to  be  combinations  of  phlogiston 
with  the  acids  corresponding  to  these  substances.  The  alkaUes,  the  alkaline 
earths,  and  the  earths  themselves  (alumina,  siUca,  &c.)  were  considered  to 
be  allied  to  the  metallic  calces.  It  w as  known  that  metals  reacted  with  acids. 
The  simple  gases  which  were  known  were  inflammable  air  (hydrogen),  also 
called  pure  phlogiston,  oxygen,  nitrogen,  and  chlorine. 

About  the  year  1772  Lavoisier  devoted  himself  to  the  study  of  combustion, 
and  came  to  the  conclusion  that  the  phlogiston  theory  of  Stahl  was  completely 
erroneous  and  did  not  correspond  to  the  facts.  He  showed  by  means  of  the 
balance  that  when  sulphur  or  phosphorus  is  burnt  there  is  no  loss,  but  on 

*  We  can  to-day  justify  the  phlcgiBton  theory  if  for  the  word  "  phlogiston  "  we  substitute  the  word  "  energy  " 
(heat) ;  we  would  then  understand  that  on  heating  a  metal  which  oxidises  there  has  not  been  a  loss  or  develop* 
ment  of  phlogiston  but  of  energy. 
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the  contrary  an  increase  in  weight,  due  to  the  union  of  the  sulphur  or  phos- 
phorus vapours  with  the  air. 

In  1773  Lavoisier  invpstigatol  the  character  of  the  air  (or  gas)  evolved  in  rcHpiration, 
combuation,  tuid  fermentation. 

In  1774  he  found  that  on  heating  tin  and  lead  in  a  closed  flask  no  increase  in  weight 
occurred,  whilst  when  the  flaak  was  opon  tho  weight  increased  through  combination 
with  a  portion  of  tho  air  in  the  flask,  and  that  the  air  which  remained  was  different  from 
the  ordinary  air  and  from  the  air  which  was  fixed  by,  and  combined  with,  these 
metals. 

In  1778  he  found  that  on  heating  red  mercuria  oxide  a  very  active  gas  is  evolved  which 
intenaifiea  combustion  and  ia  concerned  in  the  calcination  of  metals.  He  at  (irst  called 
this  gas  pare  air  (Condorcct  oallod  it  vital'  air),  but  at  a  later  date  he  named  it  oxi/gen 
(i.e.,  generator  of  acids). 

Tho  discovery  of  oxygon  is  ordinarily  attributed  to  lAvolsier,  but  it  ho.'^  now  been 
shown  that  Priestley  had  already 
prepared  it  by  the  same  method 
and  had  studied  its  properties 
(August  1, 1774),  and  that  Scheele 
knew  this  gas  at  a  still  earlier  date, 
namely,  in  1771. 

The  composition  of  air  was  not 
clearly  known  at  this  time,  but 
Lavoisier  showed  that  on  heating 
mercury  for  eleven  days  in  a  retort 
conneeb^l  with  a  bell-jar  tilled  with 
air  the  volume  of  the  latter  is 
diminished  and  the  weight  of  the 
mercury  increases,  whilst  the  gas 
which  remains  is  incapable  of  sup- 
porting life  (Pig.  1).  This  gas  was 
nothing  else  than  nitrogen,  and  in 
this  manner  air  was  shown  to  be  a 
mixture  of  oxygen  and  nitrogen. 

In  1781  Lavoisier  discovered  tho  composition  of  water,  showing  that  it  was  formed 
by  the  combination  of  oxygen  with  inflammable  air  (hydrogen),  and  in  the  years  1781  to 
1783  he  decomposed  water  in  various  ways  into  its  components  hydrogen  and  oxygen 
(aetiffli  of  steam  on  rod-hot  iron,  Ao.). 

The  composition  of  wat«r,  which  had  been  considered  to  be  a  simple  substance  until 
that  time,  was  thus  elucidated  clearly.  But  we  now  know  that  in  1781  Cavendish  had 
already  showed  experimentally,  shortly  before  Lavoisier's  experiments,  that  wat^r  is 
formed  by  burning  hydrogen  owing  to  the  combination  of  this  gas  with  the  atmospheric 
oxygen. 

We  may  consider  Lavoisier  to  be  the  founder  of  more  definite  quantita- 
tive analysis,  and  to  him  has  Ijcen  attributed  the  introduction  of  the  balance 
as  appliwl  to  the  study  of  chemical  phenomena.  But  Boyle  had  already 
found  that  mercury  increases  in  weight  on  heating ;  and  the  gravimetric  experi- 
ments of  Black  in  1755  show  that  the  balance  was  then  already  used  in 
chemistry. 

The  true  merit  of  Lavoisier  lies  in  his  generalisation  of  the  use  of  the 
balance  in  the  study  of  chemical  phenomena  and  his  experimental  demon- 
stration of  the  indestructibility  of  matter:  nothing  is  created  and  nothing 
destroyed  in  the  universe. 

At  his  epoch  the  possibility  of  transforming  water  into  earths  by  prolonged  boiling 
was  much  discussed.  He  boiled  water  in  a  weighed  and  closed  gloss  flask  for  one  hundred 
and  one  consecutive  days  and  found  that  the  weight  of  flask  with  cont^'nts  remained 
unchanged  ;   on  emptying  the  wat«r  and  rewcighiug  tliL-  empty  flask  he  foucid  that  it  had 
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lost  17*4  grms.  in  weight,  whilst  on  evaporating  the  water  originally  contained  in  it  to  dryness 
he  obtained  a  residue  of  20*4  grms.  ;  he  was  thus  able  to  demonstrate  (apart  from  errors 
in  weighing)  that  the  water  had  dissolved  a  portion  of  the  glass.  Indeed,  when  the  residue 
was  analysed  by  Scheelo  he  found  it  to  consist  of  silica  and  alkali.  The  Aristotelian  theory 
was  thus  definitely  buried  for  all  time. 

The  old  and  renowned  chemists  of  Lavoisier's  epoch  did  not  accept  the  new  theory, 
especially  on  combustion,  and  died  faithful  followers  of  and  supporters  of  the  phlogiston 
theory,  although  this  had  been  inexorably  condemned  by  the  numerous  and  rigorous 
experiments  of  Lavoisier. 

On  the  other  hand,  the  whole  newer  generation  of  European  chemists  at  once  embraced 
and  accepted  Lavoisier's  theory  with  enthusiasm,  and  from  that  time  chemistry  developed 
in  a  marvellous  manner,  which  has  never  been  equalled  in  the  history  of  any  other 
science.! 

THE  FUNDAMENTAL  LAWS  OF  MODERN  CHEMISTRY 

About  1650  Glauber  made  an  important  observation  which  was  of  much 
consequence  later  when  chemistry  had  disentangled  itself  from  the  fetters  of 
alchemy.  He  was  trying  to  discover  how  the  decomposition  of  certain  salts 
by  means  of  acids  occurred,  and  he  observed  that  when  two  neutral  salts 

*  Biovra'phiciAwilU. — Lavoisier  (Antoinc  Laurent)  was  bom  in  Paris  on  August  26, 1743.  Hi»  family  was  rich, 
his  father  being  an  advocate,  and  Lavoisier  studied  mathematics,  physics,  astronomy,  mineralogy,  and  botany 
at  the  Mazarin  College ;  with  this  va^t  scientific  patrimony  he  tumeti,  whilst  still  a  youth,  to  the  study  of  rhemistry, 
in  which  he  accomplished  a  real  revolution  and  initiated  a  new  era  which  is  still  animated  to-day  by  the  effects 
of  his  brilliant  discoveries. 

In  spite  of  his  great  services  it  is  impossible  to  overlook  the  sins  of  Lavoisier  in  appropriating  to  himself 
dlFcoveries  made  by  chemists  who  were  his  contemporaries  or  predecessors.  Oxygen  was  first  discovorod  by  Hales 
in  1727,  but  had  already  been  prepared  from  mercuric  oxide  by  Priestley  In  1774,  by  Baycn  in  tlio  same  year, 
and  still  earlier  by  Scheelo  in  1771.  It  was  at  a  dinner  at  Lavoisier's  house  that  Priestley  confidentially  conimu- 
nirated  his  discovery  to  Lavoisier,  in  1774 ;  in  1778  Lavoisier  then  claime<l  the  discovery  for  himself,  whereas 
in  reality  he  had  merely  given  the  name  of  oxygen  to  the  new  gas. 

In  a  similar  manner  Lavoisier  claimed  for  himself  the  discovery  of  the  composition  of  water,  whilst,  as  is  now 
known,  Blagdcn,  a  friend  of  Cavendish,  when  visiting  Paris  in  1781,  told  Lavoisier  that  Cavendish  had  discovered 
the  composition  of  water  in  a  very  simple  manner  by  burning  inflammable  air  (hydrogen)  as  water  only  wa^ 
formed  during  this  combustion. 

Lavoisier  and  Laplace  immediately  repeated  the  experiment  and  then  commonioated  the  discovery  to  the 
French  Academy  in  1783. 

These  facts  certainly  do  not  obscure  the  fame  of  the  great  scientist  when  we  remember  his  eminent  services, 
but  in  the  interests  of  historic  accuracy  and  Justice  it  is  impossible  to  pass  them  oyer  In  silence. 

In  December  1798,  before  the  end  of  the  revolutionary  Beign  of  Terror,  Lavoisier  was  accused  of  conspiracy 
against  the  new  Government  and  fraud  against  the  people  by  preparing  snufT  containing  much  water  and  noxious 
substances,  was  arrested,  together  with  twenty -seven  other /tfrmiira  ghUrauXt  and  condemned  to  death.  It  wa.s 
in  vain  that  he  asked  for  a  few  weeks  of  liberty  in  order  to  conclude  certain  important  experiments  on  respira- 
tion which  would  benefit  the  whole  of  humanity.  This  was  denied  to  him,  and  Lavoisier  was  beheaded  on  May  8, 
1794. 

The  severity  of  the  Revolutionary  tribunal  was  due  to  the  profound  and  intense  hatred  amongst  the  people 
towards  the  fermiin  girUraux,  who  exercised  an  excessive  taxation,  ruthlessly  exasperating  the  already  miserable 
condition  of  those  who  contributed  to  support  the  weight  of  the  triple  domination  of  State,  nobles,  and  clergy. 
The  population  of  Franco,  of  26,000,000  inhabitants,  had  to  provide  £19,000,000  a  year  towards  the  revenue  of  the 
king,  and  had  to  submit  to  vexatious  taxation  on  the  part  of  140,000  nobles  and  of  130,000  clergy. 

The  fermien  gfn^aux  vrerc  entrusted  with  the  collection  of  the  most  odious  of  these  taxes,  the  monopoly  of 
tobacco,  the  tax  on  beverages,  and  more  especially  the  tax  on  salt.  Each  year  300  contrabandists  were  condemned 
to  hard  labour. 

Eenauldon,  at  the  beginning  of  the  revolution,  wrote  as  follows  :  "  The  fermier  ghUral  is  a  rapacious  wolf,  who 
ImpoveriBhes  the  earth,  draws  the  last  halfpenny  from  it,  oppresses  the  labourers,  reduces  them  to  bj'ggarj',  lays 
waste  the  fields,  and  renders  odious  the  nuMer  who  is  obliged  to  submit  to  this  taxation." 

It  is  said  that  Lavoisier  accumulated  1,200,000  lire  in  profits  in  a  few  years  from  his  office  as  Ifrmin  g^n^ral. 
This  was  fatal  to  him. 

His  chemical  friends — and  he  had  influential  ones  such  as  Guyton  de  Morveau,  Monge,  Laplace.  Berthollet, 
and  especially  Fourcroy — did  nothing  to  save  him. 

It  is  said  that  this  same  Fourcroy  voted  for  the  death  sentence. 

Only  Loysel,  Cadet,  Baum6.  and  Hail6  dared  to  do  an>'thing.  The  latter  sent  a  memorandum  to  the  Jiycenm 
of  Arts  on  all  the  work  completed  by  Lavoisier  and  on  the  utility  which  would  result  from  it.  This  memorandum 
was  read  during  the  trial  but  was  of  no  use.  It  is  said  also  by  many  historians  and  by  moMt  chemists  that  the 
ruthless  tribunal  which  judged  Lavoisier  came  under  the  influence  of  Marat,  who  had  motives  of  hatre<t  tnwardn 
Lavoisier  on  account  of  the  critique  which  he  had  written  on  his  chemical  works,  especially  on  one  entltleil  "  Re- 
cherches  physiques  sur  le  Feu  "  of  1780  ;  but  this  accusation  is  calumnious  and  absurd  when  one  renipnibers  that 
Marat  was  assassinated  and  died  in  July  1793,  and  Lavoisier  was  arrested  in  December  1793  an<l  beheaded  in 
May  1794  at  the  age  of  fifty  years  only. 

The  death  of  Lavoisier  was  a  diFastcr  for  the  progress  of  science,  and  Lagrange  said  that  *'  a  single  instant 
sufficed  to  make  that  head  fall,  but  many  centuries  will  not  suflicc  to  reproduce  a  similar  one." 

lAVoisier's  wif*,  who  wa»  married  a  second  time  to  Count  Rumford,  collected  and  published  the  scientific 
memoiis  of  the  great  chemist  In  180^. 
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react  upon  one  another  their  components  are  reciprocally  ijiterchanged, 
giving  rise  to  two  new  salts,  saturated  and  neutral  like  the  first  (mercury 
chloride  with  antimony  sulphide). 

In  1700  Romberg  also  made  an  important  experiment  on  the  various 
quantities  of  basic  (alkaline)  substances  which  are  needed  to  saturate  a  certain 
constant  quantity  of  a  given  acid. 

The  first  positive  law  arose  from  the  immortal  work  of  Lavoisier,  who, 
by  the  universal  and  rigorous  use  of  the  balance  in  the  study  of  chemical 
phenomena,  showed  that  ''  the  sum  of  the  weights  of  two  substances  which 
combine  is  equal  to  the  sum  of  the  weights  of  the  new  combinations  which 
are  formed,"  and  thus,  for  instance,  on  combining  8  grms.  of  oxygen  with 
1  grm.  of  hydrogen,  the  quantity  of  water  which  is  formed  is  exactly  9  grms. 
'*  Nothing  is  lost  and  nothing  is  created,"  said  Lavoisier,  thus  stating  a  most 
important  law  of  nature,  that  of  the  conservation  of  matter. 

On  the  other  hand,  Wenzel  in  1777  published  his  important  ''  Study  on 
the  AfiBnities  of  Substances,"  in  which,  based  on  an  enormous  number  of 
analyses,  carried  out  with  great  exactness,  he  demonstrated  that  the  acid 
and  basic  substances  combine  with  one  another  in  constant  quantities,  then 
confirming  and  amplifying  his  studies  by  means  of  reactions  which  occurred 
between  neutral  salts.^ 

More  extensive  and  important  work  and  exact  experiments  were  published 
by  Richter  in  1792  to  1794  with  the  title  "Elements  of  Stoichiometry, 
or  Mensuration  of  the  Chemical  Elements."  Apart  from  the  accurate 
determination  of  the  quantities  of  various  bases  which  saturated  the  same 
quantity  of  an  acid  and  the  quantities  of  various  acids  which  saturated  a 
constant  quantity  of  a  base,  he  also  studied  gravimetrically  the  reciprocal 
action  of  numerous  neutral  salts  which  react  with  formation  of  other  neutral 
salts. 

For  the  first  time  in  history  we  encounter  an  attempt  to  apply  mathe- 
matics to  the  elucidation  of  chemical  reactions,  and  from  the  beginning  of 
his  chemical  career  (1789)  Richter  devoted  his  whole  activity  to  the  discover}^ 
of  the  mathematical  laws  which  regulate  chemical  reactions.    He  considered 
chemistry  as  a  part  of  applied  mathematics,  and  endeavoured  to  establish 
so-called  arithmetical  and  geometrical  series  from  which  to  find  such  laws. 
We  owe  to  him  a  clear  conception  of  chemical  equivalents,  which  he  stated 
concisely  for  salts,  in  the  following  law.    In  mrioua  8aUs(deriyed  from  the  ^  -^  '• 
same  acidyihe  weigJU  of  the  mrioua  metals  corr^ppnding  to  an  equal  and  constant    ^ 
quantity  of  the  cu^d  is^represented  by  values  which  are    chemically  equivalent'  ' 
and  which  are  constantly  found  again  unaltered  {or  in  multiples)  in  the  formation 
ofj)th^  iaZte;   tjms  also  in  various  salts  of  the  same  m^tal,  the  qtiantities  of  the    ' 
various  acids  corresponding  to  a  definite  weight  of  metal  are  constantly  found 
again  {or  in  multiples)  in  other  salts. 

For  example,  the  quantities  of  hydrochloric  acid  (c),  of  nitric  acid  (n), 
and  of  sulphuric  acid  («),  which  are  required  to  exactly  saturate  a  constant 
quantity  A  of  silver,  are  the  same  as  are  required  to  exactly  saturate  a  constant 
quantity  A'  of  another  metal,  for  example,  sodium  : 

.<l+c«- chloride  1  il'+c— chloride  ^ 

il  +  n—  nitrate     >  of  silver  A'  +  n=-  nitrate    V  of  sodinm 

A+s^  solphate  J  ^'  +  *«  sulphate  J 

1  Lftter  on  we  will  explain  the  Higniflcancc  of  the  words  base,  acid,  and  salt  more  exactly.  For  the  presoiit 
it  will  BUfflco  to  say  that  bases  are  ordinarily  substances  obtained  by  the  oxidisation  and  subsequent  hydratiuu 
of  a  metAl»  and  having  the  property  of  nniting  with  acids  with  reciprocal  saturation  formhig  salts.  The  bases  have 
a  so-called  alkaline  reactionp  that  is,  they  are  able  to  turn  red  litmus  paper  blue  in  distinction  to  the  reaction 
of  the  acids  which  torn  blue  litmus  paper  red. 
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Or  vice  veraay  the  quantities  A,A\  and  A"  of  various  metals  which  are  combined 
with  a  constant  quantity  (c)  of  hydrochloric  acid  to  give  the  corresponding 
chlorides  are  the  same  as  are  combined  with  the  constant  quantity  (n)  of 
nitric  acid  to  form  the  corresponding  nitrates.^ 

In  1803  Berthollet  published  a  classic  work  entitled  **  Chemical  Statics," 
in  which  he  endeavoured  to  demonstrate  that  the  variety  of  chemical  com- 
binations and  phenomena  was  due  to  a  certain  fundamental  and  immutable 
property  of  matter,  and  supposed  that  between  the  particles  of  matter 
there  was  a  certain  attractive  force,  a  certain  affinity,  which  existed,  of  the 
same  character  as  gravity,  and  thus  chemical  phenomena,  according  to  him, 
followed  well-determined  mechanical  laws  under  the  exclusive  influence  of 
mass  and  of  affinity,  and  not  as  Richter  declared  in  definite  proportions  of 
constant  weights. 

According  to  Berthollet,  then,  the  quantity  of  one  substance  which  com- 
bined with  another  varied  with  variations  in  the  quantity  by  which  one  or 
the  other  preponderated,  in  such  a  manner  that  two  substances  would  be  able 
to  combine  in  very  varying  proportions  by  varying  the  quantity  of  the  sub- 
stances, that  is,  of  the  amount  of  the  one  or  other  component,  but  in  harmony 
with  the  affinities.  He  believed  that  a  mathematical  explanation  had  not  yet 
been  found,  such  as  existed  for  gravitation  between  the  stars,  because  the 
distance  between  the  particles  was  so  small  and  their  forms  so  various,  that 
the  necessary  mathematical  calculation  would  be  very  difficult. 

Proust  (1801-1806)  arrived  by  another  method  at  the  same  results  as 
Richter,  and  showed  that  there  really  existed  a  constant  proportion  between 
two  elements  in  a  compound,  thus  formulating  for  the  first  time  the  law  of 
constant  proportions.  He  also  found  that  two  elements  are  able  to  combine 
in  more  than  one  proportion,  but  that  these  proportions  are  always  well 
determined  and  constant ;  for  example,  in  the  case  of  a  metal  which  forms 
two  oxides.  This  last  observation  should  have  led  Proust  to  the  law  of 
multiple  proportions,  but  this  was  only  discovered  and  experimentally  proved 
later  on  by  Dalton,  because  Proust  did  not  succeed  in  makjng  the  demon- 
stration precise  on  account  of  the  well-known  inexactitude  of  his  experiments 
and  quantitative  determinations. 

The  enormous  number  of  analyses  which  led  Proust  with  certainty  to  the 
law  of  constant  proportions  were  repeated  with  the  greatest  accuracy  and 
exactness  by  Berzelius,  and  later  also  by  Stas.  These  results  exactly  con- 
firmed the  law  of  Proust. 

Thus  on  decomposing  and  analysing  -^^^ 

100  grms.  oi  water  one  obtains  1 1  "l 2  grms.  of  hydrogen  and  88'88  grnis.  of  oxygen 
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^,         nitrogen 

These  are  the  direct  results  of  the  analyses,  which  did  not  apparently 

*  These  moat  interesting  studies  of  Richter  were  not  considered  to  be  of  much  importance  at  that  time,  although 
ho  himself  introduced  them  into  his  principal  work  iii  eleven  volumes,  published  in  the  years  1797-1802,  and 
although  O.  E.  Fischer  in  his  German  translation  of  Berthoilet's  work  on  "  Affinity  "  Introduced  the  table  of 
equivalents  and  the  ideas  deduced  by  Richter — ideas  and  values  which  the  same  Berthollet  liad  intnxluccd  in  his 
principal  work,  "  Chemical  Statics,"  in  1803.  It  is  difficult  to  understand  how  Berzelius  himself  could  attribute 
the  origin  of  these  studies  to  Wcnsel.  Richter  himself  remained  neglected  by  others  for  forty  years  until  Hess 
brought  his  work  to  light  again  in  his  writings  In  1840.  Hess  himself  was  forgotten  In  his  turn  by  his  contem- 
poraries, but  his  work  was  recalled  by  Ostwald  in  1886,  who  proclaimed  him  to  be  the  true  founder  of  thermo- 
chemistry. The  work  of  Richter  did  not  find  followers  because  the  attention  of  the  chemists  of  that  time  was 
riveted  entirely  on  the  interesting  dispute  which  was  prolonged  for  many  years  between  Berthollet  in  Franco 
end  Prousi  in  Spain. 
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represent  anything  further,  but  these  figures  acquire  a  surprising  eloquence 
if  they  are  compared  with  one  another,  after  referring  them  to  a  definite 
quantity  of  one  of  the  components,  taken  as  unity  ;  thus  if  we  refer  all  these 
weights  to  an  equal  unit  quantity  of  hydrogen  and  then  compare  these  new 
relations,  we  find  that  one  part  of  weight  of  hydrogen  corresponds  to  : 

In  water        .........  to  8    parts  of  oxygen 

hydrochloric  acid „  36-5  „  chlorine 

hydrogen  sulphide „  16  „  sulphur 

„  lead  sulphide,  16  parts  of  sulphur  (=1  hydrogen)  .    „  103  „  lead 

„  lead  chloride,  103  parts  of  lead  (« 16  sulphur=  1  hydrogen)  „  35*5  „  chlorine 

„  lead  oxide,  103  parts  of  lead „  8  „  oxygen 

„  ammonia,  1  part  of  hydrogen  .         .         .         .    „  4*67  „  nitrogen 

Now  we  see  that  the  oxygen  in  water  and  in  lead  oxide  has  the  same 
value  of  8  (referred  to  the  weight  of  hydrogen  as  one)  and  that  the  sulphur 
occurs  in  the  proportions  of  16  parts  by  weight,  both  in  hydrogen  sulphide 
and  in  lead  sulphide  ;  chlorine  occurs  in  35*5  parts  by  weight  in  hydrochloric 
acid  and  in  lead  chloride  ;  and  lead  occurs  in  the  proportion  of  103  parts 
by  weight  in  both  the  oxide  and  chloride  of  lead. 

These  values  were  called  combining  weights  or  chemical  equivalents  or 
stoichiometric  values.  They  represented  the  quantities  by  weight  of  each 
.  element  which  corresponded  or  were  equivalent  to  hydrogen  taken  as 
unity. 

It  is  evident  from  these  results  that  the  principle  of  the  law  of  constant 
proportions  of  Proust  is  exact,  that  is,  that  the  elements  combine  with  one 
another  in  constant  proportions  or  weights  as  Richter  had  perceived,  and 
thus  16  grms.  of  sulphur  combine  chemically  with  103  grms.  only  of  lead,  even 
though  this  latter  may  be  present  in  much  greater  quantity.  The  excess 
over  and  above  103  grms.  remains  unaltered  as  lead  and  is  not  transformed 
into  sulphide. 

Thus  there  is  no  influence  of  mass,  as  was  declared  by  Berthollet.^ 

Whilst  the  dispute  between  Berthollet  and  Proust  stiU  raged,  Dalton 
succeeded  in  explaining  by  a  briUiant  conception  (1800-1803-1808)  in  a  simple 
and  luminous  manner  the  constant  composition  of  chemical  combinations. 
Starting  from  the  hypothesis  of  the  ancient  Greek  philosophers  (Leucippus, 
Democritus,  Epicurus,  and  Lucretius,  see  p.  12),  who  considered  matter  to 
be  constituted  of  smaU  particles,  distinct  from  one  another,  he  developed 
this  hypothesis  by  supposing  that  the  particles  constituting  a  given  simple 
substance  which  he  called  atoms  were  equal  to  one  another  in  weight  and 
in  volume,  but  different  from  those  of  any  other  simple  body  ;  the  properties 
of  qualities  of  these  atoms  are  those  which  determine  the  qualities  of  the 
substance,  and  this  will  vary  as  the  quality  of  the  atoms  varies.  By  mathe- 
matical speculations  and  chemical  determinations  and  experiments  he  was 
able  to  show  that  chemical  compounds  result  from  the  union  of  two  or  more 
atoms  of  varying  kinds.  On  the  foundation  of  experiments  made  by  him, 
he  succeeded  also  in  determining  the  relative  weight  of  these  atoms  with 
respect  to  one  another,  and  was  then  able  to  demonstrate  experimentally 
a  fundamental  law  of  modern  chemistry,  namely,  the  law  of  multiple  pro- 
portions, which  had  already  been  suggested,  but  not  proved,  by  Proust. 

According  to  this  law  the  atom  of  a  given  element  (simple  substance) 

*  The  hypothesis  of  Berthollet  did  not  meet  with  success  at  that  time,  mainly  because  it  was  antagonistic  to 
the  fundamental  laws  discovered  by  Proust  and  Dalton  and  by  Gay-Lussac,  but  eventually  its  application  was 
found  much  later»  becoming  a  fundamental  law  for  the  exact  interpretation  of  all  chemical  reactions.  The  Nor- 
wegians Guldberg  and  Waage  found  a  mathematical  expression  for  choraical  systems  in  reaction  which  replaced 
the  conception  of  chemical  mass  of  Berthollet  by  a  more  rational  conception  of  active  mass,  as  will  be  explained 
later. 
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can  combine  with  1,  2,  3,  4,  &c.,  atoms  of  another  element,  that  is,  with  a 
multiple  number  of  other  atoms.  Dalton  deduced  this  important  law  experi- 
mentally by  analysing  numerous  chemical  compounds,  and  we  may  illustrate 
it  by  taking  the  combinations  of  nitrogen  with  oxygen,  which  give  on  analysis 
the  following  results  : 

I.  Nitrogen  oxide  contains  63-6  per  cent,  of  nitrogen  and  36*4  per  cent,  of  oxygen 

II.  Nitric  oxide  „        46*7        „        „  „  63-3        „  „ 

III.  „    trioxide  „        36-8        „        „  „  63-2 

IV.  „    tetraoxide  „        30'6        „        „  „  69-6        „  ,., 
V.       „    pentoxide            „        25*9        „        „            „            74-1 
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On  recalculating  these  results  and  referring  then  to  the  stoichiometric 
values  or  weights  of  combined  oxygen,  which  we  have  already  seen  to  be  8, 
we  find  that  in  the  first  compound  the  stoichiometric  value  of  oxygen  corre- 
sponds to  14  parts  of  nitrogen/ that  is,  to  three  times  its  stoichiometric  value, 
which  we  know  to  be  4*67. 

If  we  now  constantly  retain  the  14  parts  of  nitrogen  for  the  other  com- 
pounds, we  find 

In      L   14  parts  of  nitrogen  combine  with     8  parts  of  oxygen 

16 
24 
32 
40 

It  is  evident  from  these  results  that  a  given  constant  quantity  of  one 
element,  which  may  be  one  atom,  combines  with  a  given  quantity  of  another 
element  (for  example,  one  atom)  or  with  a  double,  triple,  or  quadruple,  &c., 
quantity,  and  that  actually  these  quantities  are  in  the  proportions  of  the 
stoichiometric  values  or  combining  weights.  Thus  complete  atoms  and  not 
fractions  of  atoms  or  arbitrary  quantities  combine  with  one  another.  In 
this  way  the  atomic  hjrpothesis  became  more  definite  and  concrete,  and 
became  necessary  in  the  contemporary  state  of  science  in  order  to  explain 
chemical  phenomenon. 

The  brilliant  hypothesis  of  Dalton  was  at  once  accepted  by  all  the  more 
authoritative  scientists  of  other  nations,  who  could  only  confirm  its  utility 
and  importance  both  for  chemistry  and  other  sciences.  This  hypothesis  has 
aided  the  interpretation  of  all  phenomena  to  such  an  extent  that  by  most 
chemists  it  is  considered  as  a  true  positive  theory  and  as  the  basis  of  chemical 
philosophy  which  has  been  developed  in  the  last  century.^ 


LAWS  WHICH  GOVERN  MATTER  IN  THE  STATE 

OF  GAS 

(1)  THE  LAW  OF  BOYLE  AND  MARIOTTE.  It  was  the  exact  study  of. 
gaseous  matter  which  first  led  to  the  discovery  of  the  more  important  laws 
of  chemistry  and  physics.  Galileo  (1664-1642),  one  of  the  founders  of  thp 
inductive  and  experimental  method,  already  succeeded  in  showing  that  the 
air  possessed  weight,  by  the  use  of  sufficientlj^  exact  instruments,  and  thus 
shattered  at  one  blow  the  stateinent  of  Aristotle,  who  beUeved  the  air  to  be 
imponderable  ;   all  experiments  up  to  that  time  had  been  made  by  weighing 

*■  During  the  last  few  years  the  atomic  hypotheKU  has  bifouic  inuufficient  to  explain  certain  new  plienouiena, 
and  perliaps  we  are  at  present  passing  tlirougli  a  transitory  period  wliicli  will  certainly  lead  to  new  and  still  vaster 
liorixone,  because  the  atom  contains  behind  and  witliin  it  a  whole  new  world  of  marvels  («m  bihw,  "  Unity  of 
'^"itter  and  Energy/*  and  the  chapter  on  fiadium). 
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a  bladder  inflated  with  air  and  weighing  it  again  when  empty,  by  whioh 
means  no  difference  in  weight  was  found. 

Torricelli  (1608-1647)  deduced  by  means  of  the  barometer  the  weight  of 
a  long  column  of  air,  the  atmosphere.  Black  studied  the  evaporation  of 
liquids  and  deduced  laws,  showing  that  in  such  evaporation  heat  is  absorbed 
(latent  heat).  Priestley,  who  was  a  strenuous  worker,  was  one  of  the  first 
to  introduce  exact  instruments  for  the  measurement  of  gases,  but  already 
before  this  time  Boyle  in  1662,  and  Mariotte  in  1679,  by  studying  dry  air 
in  vessels  which  allowed  the  volume  to  be  measured  and  by  always  keeping 
the  temperature  constant  whilst  they  altered  the  pressure,  arrived  at  an 
important  law,  namely,  that  the  volume  of  a  gas  varies  in  inverse  proportion 
to  the  pressure,  that  is  to  say,  that  the  volume  of  a  gas  diminishes  propor- 
tionately to  the  increase  of  pressure. 

This  law  can  be  represented  by  a  mathematical  formula  in  which  v  indicates  the 
volume  of  a  gas  at  pressure  p,  and  v*  the  volume  of  the  same  gas  at  a  different  tempera- 
ture, p\  As  the  volume  of  the  gas  is  inversely  proportionate  to  the  pressure,  we  thus  have 
V  :  v'^p  i  p\  or  we  arrive  at  another  simple  formula  deduced  from  the  above,  pv=*p'v', 
which  signifies  that  the  product  of  the  pressure  and  the  volume  of  the  same  quantities 
of  gas  is  always  equal  at  any  moment,  so  long  as  the  changes  of  pressure  or  of  volume  are 
not  accompanied  by  changes  of  temperature  or  of  the  quantity  by  weight  of  the  gas. 

Ify  for  example,  we  have  a  volume  of  gas  v^lO  litres  at  a  pressure  p=2  atmospheres, 
then  we  have  p.v=^  2  x  I0=>  20.  If  we  now  subject  the  same  10  litres  to  the  double  pressure, 
p'»4  atmospheres,  the  volume  becomes  halved,  that  is,  6  litres.  Thus  in  this  case  also 
the  product  of  the  volume  and  the  pressure  is  equal  to  20  as  in  the  first  case,  as  p\v'=^ 
4x5=»20.  Thus  the  product  of  the  volume  of  a  gas  by  the  pressure  (the  temperature 
remaining  invariable)  is  always  constant  at  any  pressure  at  any  instant. 

Boyle  made  his  experiments  up  to  pressures  of  four  atmospheres  only,  but  the  law 
of  Boyle  and  Mariotte  has  been  confirmed  by  all  who  controlled  it  at  a  later  date.^ 

We  have  seen  that  in  a  given  quantity  by  weight  of  a  gas,  under  varying  pressures, 
the  product  of  pressure  and  volume  remains  constant. 

In  the  formula  p.v=»C  (constant),  which  represents  Boyle's  law,  ^  is  a  fimction  of 
1%  and  vice  versa  t?  is  a  function  of  p,  because  in  general  when  two  variable  quantities  are 
reciprocally  dependent,  if  we  know  the  value  of  the  one  the  value  of  the  other  is  deter- 
mined. Thus,  if  for  a  constant  value  of  C,  namely,  100,  the  values  of-  p  are  determined 
as  1,  2,  4, 10,  25,^md  100,  then  the  corresponding  values  of  v,  which  is  a  fimction  of  p,  will 
be  100, 50, 25, 10, 4, 2,  and  1  respectively.     That  is,  we  have  o,  function  of  the  second  degree 

'  Very  small  variations  from  the  formula  abovo  exprcsbod  mathematically  alwaya  occur,  and  were  studied 
exactly  by  van  Manim  at  the  end  of  the  eighteenth  century  in  the  case  of  ammonia  gas. 

Or»todt  aluo  found  small  differences  in  the  case  of  sulphur  dioxide,  and  in  1827  Dcsprctz,  in  a  numerous  series 
of  experiment,  showed  that  the  law  of  Boyle  and  Mariotte  is  not  rigorously  true  in  the  case  of  vapours  or  of  gases 
at  a  t«mperature  or  pressure  near  to  their  point  of  liquefaction,  whilst  the  so-called  perfect  gases  such  as  oxygen, 
which  are  not  easily  liquefied,  follow  the  said  law  exactly  at  a  pressure  of  15  atmospheres.  Duloug  and  Arago 
showed  in  1829  that  up  to  pressures  of  27  atmospheres  air  follows  the  law  of  Boyle  very  exactly.  Later  on,  about 
1830,  Kegnault  conducted  a  scries  of  most  important  experiments  carried  out  with  the  very  greatest  care  and 
with  the  greatest  focilities,  and  showed  that  no  gas  rigorously  follows  Boyle's  law,  but  that  they  can  all  bo  com- 
pressed siighUy  more  than  they  should  be  according  to  theory,  excepting  hydrogen,  which  is  less  compressible. 
In  1852  Natterer  found  that  other  gases  also  behave  like  hydrogen  when  they  arc  strongly  compressed.  In  1870, 
1877,  and  1879,  GaiUetet  made  extensive  experiments  of  this  kind  defining  stiil  more  carefully  the  general  law 
and  its  variations. 

Id  1880  Ami^at  undertook  important  experiments,  exposing  gases  to  extremely  powerful  pressures  up  to 
430  atmospheres,  by  using  a  steel  tube  327  metres  long  curved  into  a  closed  U  at  the  lower  end  and  filled 
with  mercury  and  penetrating  below  into  a  deep  mine  (at  Meons,  near  St.  £tienne).  Ue  fully  confirmed  the 
results  of  £egnauit  and  of  Katterer  for  lilghly  compressed  gases,  and  also  confirmed  the  exceptional  behaviour  of 
hydrogen. 

But  Amagat  also  found  in  the  course  of  liis  work  that  the  exceptions  and  variations  from  Boyle's  law  become 
less  as  the  temperature  increases,  and  that  for  every  gas  a  dillcrcnt  temperature  must  exist  at  which  it  behaves 
exactly  according  to  Boyle's  law.  In  1883  Amagat  studied  the  behaviour  of  gases  witli  regard  to  Boyle's  law  at 
small  pressures,  less  tiian  one  atmosphere,  that  is,  he  studied  rarefied  gases,  and  found  tliat  these  also  follow  the 
said  law  exactly,  thus  coming  to  conclusions  opposed  to  those  wiiich  liad  been  arrived  at  some  years  before  by 
Ataidelejew  and  Kirpitschotf. 

We  will  later  on  explain  ail  these  small  variations  of  Boyle's  law,  and  they  will  serve  ais  a  basis  for  most  im- 
portant new  laws  wliich  we  will  then  study. 

We  will  also  give  the  grax)hie  representation  of  this  important  law  in  order  to  demonstrate  for  once  how  advan- 
tageous this  method  is  for  rendering  the  matliematical  expressions  of  such  laws  evident,  enabling  us  in  many  cases 
to  rapidly  form  an  exact  idea  of  the  course  of  a  physical  or  chemical  phenomenon  even  at  moments  or  under 
fffn5n^^,^PfMy  which  Gumot  be  attained  or  which  are  dii&ouit  to  arrive  at  by  mathematical  calculation. 
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which  contains  the  product  of  the  two  quantities,  and  thus  we  anive  geometrically  at  a  linear 
function  which  will  be  represented  graphically  by  a  curve.  If  then  we  take  two  orthogonal 
axes  (that  is,  axes  which  intersect  at  right  angles)  OV  and  OP  (Fig.  2),  and  mark  off 
points  along  the  axis  OF,  the  distances  of  which  from  the  point  O  correspond  to  the 
various  volumes  (having  once  for  all  fixed  the  relation  between  lengths  and  volumes 
(e^g.  1  mm.  corresponding  to  1  litre),  and  if  we  similarly  mark  off  the  corresponding 
pressures  along  the  vertical  axis  (the  axis  of  the  ordinates)  OP,  then,  supposing  that  we 
start  with  50  litres  of  gas  at  a  pressure  of  two  atmospheres,  we  have  a  fixed  point  e  in  the 
plane  of  the  paper,  and  the  surface  OV  e2f  represents  geometrically  the  constant  C  of 
Boyle's  formula  (2  x  50»  100) ;  a  volume  of  20  litres  of  gas  will  be  exposed  to  a  pressure  of 
6  atmospheres,  which  we  represent  by  the  ordinate  d,  and  we  have  now  fixed  another 

point  dy  the  surface  O,  20, 
dy  b'  again  representing  the 
constant  C  (6  x  20  —  100) ; 
imder  a  pressure  of  10 
atmospheres  the  volume 
becomes  10  litres  and  we 
have  fixed  the  point  c,  the 
constant  remaining  always 
the  same  (10  x  10  —  100) ; 
similarly  we  are  able  to  fix 
the  point  6,  where  the 
pressure  is  20  atmospheres 
and  the  volume  6  litres.  If 
we  establish  a  sufficient 
number  of  points  in  this 
manner,  and  then  unite  theni 
with  one  another  we  obtain 
a  curve  which  will  in  fact 
be  a  rectangular  hyperbola, 
7]  the  extremities  of  which 
ioy  tend  to  approach  indefinitely 
near  to  the  respective  axes, 
but  without  coming  into 
contact  with  them  (except 
at  infinity) ;  for  that  reason  the  axes  are  called  asymptotes  to  the  curve,  and  indicate 
that  the  volume  of  the  gas  will  become  zero  when  the  pressure  is  infinite,  and  will 
become  infinite  when  the  pressure  Ixjcomes  zero.  This  would  naturally  only  apply  to 
an  ideal  gas  (and  we  may  consider  nitrogen,  oxygen,  hydrogen,  &c.,  to  be  practically 
though  not  absolutely  ideal  gases) ;  but  as  we  have  seen,  the  law  of  Boyle  has  limitations 
and  is  noticeably  inaccurate  in  the  case  of  vapours  or  of  gases  near  their  condensation 
point,  such  as  ammonia,  sulphur  dioxide,  &c.  Since  the  formula  which  represents  Boyle'o 
law  only  holds  when  the  temperature  remains  constant  throughout  the  variations  of  pressure 
and  volume,  we  will  obtain  other  hyperbolas  for  other  temperatiu-es  and  each  of  these  is 
called  an  isothermal  cxu-ve  and  corresponds  to  a  definite  temperature.  In  Fig.  2  two  other 
isothermals,  corresponding  to  two  other  temperatiu-es,  are  also  shown. 

(2)  LAW  OF  GAY-LUSSAC  AND  DALTON.  The  study  of  the  behaviour 
of  gases  is  very  interesting  under  variation  of  other  conditions  than  that 
of  pressure.  Already  about  the  year  1805  Gay-Lussac  and  Dalton  almost 
simultaneously  discovered  that  all  gases  dilate  to  an  equal  extent  when  heated 
and  that  this  dilatation  was  proportional  to  the  rise  of  temperature.  Gav' 
Lussac  and  Dalton  also  measured  the  coefficient  of  expansion  of  air  which 
they  found  to  be  000375,  but  the  more  exact  experiments  of  Kudberg,  of 
Magnus,  and  of  Kegnault  showed  that  the  true  coefficient  of  expansion  of 
gases  was  0"00367.  This  figure,  when  expressed  as  a  fraction,  is  equal  to  ^ 
and  signifies  that  every  gas  increases  or  diminishes  its  volume  by  l-273rd 
part  of  its  volume  at  0°  for  every  degree  of  rise  or  fall  of  temperature.  "Thus 
if  we  imagine  a  volume  of  gas  enclosed  in  a  cylinder  with  an  ideal  friction- 


Fig.  2. 
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leas  and  w'eightless  piston,  at  0°,  and  it  y^e  divide  ihe  cyjinder  into  273  parts, 
then  on  lowering  the  temperature  to  273°  below  zero  the  gas  will  diminish 
in  volume  by  -^-^  of  its  original  volume  (at  0°)  for  each  degree  and  will  not 
finally  occupy  any  volume  whatever,  that  is,  will  be  deprived  of  every  form 
of  energy  or  matter,  which  is  absurd  ;  we  may  say  more  correctly  that  below 
this  temperature  the  energy  of  its  material  will  remain  constant.  (If  tem- 
peratures below  absolute  zero  have  any  meaning. — Translator's  note.)  This 
limiting  temperature,  with  regard  to  which  the  common  zero  point  of  ther- 
mometers would  be  +  273*^,  is  called  the  ahsoltUe  zero.  Thus  at  272°  below 
zero  a  gas  would  really  occupy  -.jl^^  of  its  volume  at  0°.  On  raising  the  tem- 
perature the  volume  will  constantly  increase  and  at  273°  above  absolute  zero, 
that  is,  at  the  ordinary  zero  temperature,  it  will  occupy  its  original  volume, 
which  is  273  times  larger  than  the  volume  which  it  occupied  at  273°  below 
zero.  Thus  the  volume  of  a  gas  is  proportional  to  its  absolute  temperature, 
and  thus  at  273°  above  the  ordinary  zero  point  a  gas  will  acquire  double 
the  volume  which  it  occupies  at  the  ordinary  zero,  or  546  times  its  volume 
at  -  272°. 

The  conception  of  absolute  temperature  is  also  interesting  because  it  enables  one  to 
understand  why  it  is  impossible  to  completely  transform  thermal  into  mechanical  energy. 
The  actual  mechanical  work  which  can  be  produced  b^  the  interchange  of  heat  between  two 
substances  is  proportional  to  the  temperature  difference  through  which  the  transfonnation 
of  heat  into  work  occurs.  The  greater  the  difference  in  temperature  between  the  two  sub- 
stances the  greater  will  be  the  yield  of  mechanical  work  ;  but  it  follows  that  in  order  to 
transform  all  the  heat  in  a  body  into  mechanical  work  it  would  be  necessary  to  lower  its 
temperature  to  absolute  zero,  which  is  practically  impossible  (see  also  below,  and  p.  7, 
""  Degradation  of  Energy  "). 

The  law  of  Gay-Lussao  and  Dalton  may  also  be  represented  by  a  mathematical  formula 
in  which  V  indicates  the  volume  of  a  gas  at  the  temperature  T,  and  V  the  volume  of  the 
same  quantity  of  gas  by  weight  at  the  temperature  T' ;  the  volumes  being  proportional 
to  the  absolute  temperatures  we  have  : 

V:V'=T:  T\  or  V\T=  V.T\  that  is,  F'=  ^. 

If,  for  example,  a  gas  occupies  a  volume  F  of  4  litres  at  the  temperature,  T,  of  300° 
absolute,  that  is,  at  27°  above  the  ordinary  thermometric  zero,  it  will  occupy  a  volume 
,  V  of  8  litres  at  the  temperatxu-e,  T\  of  600°  absolute,  that  is,  327°  above  the  ordinary 

\         zero  ;  controlling  this  by  the  above  formula  we  have  : 

4  X  600  =  8  X  300 
F.T'==  V\T 

If  we  denot'C  the  coefficient  of  dilatation  of  a  gas  by  a,  and  its  volume  measured  at  the 
temperature  t°  of  the  ordinary  scale  by  v,  then  the  volume  of  a  gas  at  0°  wiU  be  Vq,  and 
at  t°  it  will  be  vt ;  then  we  have  the  equation  :  Vi=  Vq  (1  +  «0>  always  under  the  condition 
that  the  pressure  remains  constant. 

If  we  take  the  volume  at  0°  as  1,  then  at  10°  it  will  be  1-0367,  at  20°  ?;<=  1-073  at  60° 
t?i=  1-184,  and  at  100°  vt=l3Ql,  &c. 

The  graphic  representation  will  be  a  curve  of  the  first  degree,  since  the  two  variables 
arc  always  present  in  the  first  power  and  are  not  multiplied  by  one  another,  and  will  lead 
to  a  linear  function,  so  that  the  law  of  Gay-Lussac  and  Dalton  will  be  represented  by  a 
straight  line.  If  we  actually  take  the  temperatm'es  t  as  abscissas  and  the  volumes  v  as 
ordlnates  (Fig.  3)  then  on  drawing  a  curve  through  the  points  corresponding  to  the  various 
pressures  and  corresponding  volumes  we  obtain  a  straight  line,  which,  if  prolonged  in  the 
direction  of  the  temperatures  below  0°  shows  a  zero  volume  at  -273°. 

We  have  seen  that  the  formula  of  Gay-Lussac's  law  applies  if  the  pressure 
of  the  gas  remains  constant  during  heating  ;  if,  on  the  other  hand,  the  volume 
of  the  gas  is  kept  constant  whilst  it  is  heated  its  pressure  will  necessarily  rise 
and  then  the  pressure  pt  ^^  ^°>  expressed  as  a  function  of  the  pressure  p^  at  0°, 
will  hept  =  Po(^  +  «0' 
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^^ 
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to'    •io'    *m* 
Fig.  3. 


By  combining  into  a  single  equation  the  two  expressions  which  represent 
the  laws  of  Boyle  and  of  Gay-Lussac,  for  a  gas  of  volume  v  at  pressure  p, 
and  a  temperature  of  t  on  the  ordinary  scale,  we  obtain  the  general  equation 

for    gases:      p.v  =  pg.v^   (1  +  at),    or,     since     a  =  ^^,   we  may  write 

P'V  =  p^.Voll  +  ^=^j  and  this  corresponds  equally  to  p.v  =  ^^^'(273  +  i) 
but  the  factor  273  +  t  indicates  the  absolute  temperature  T,  so  that  we  may 

The  factor  ^'^  has  a  consta,nt  value  R,  which  is  equal  for  all  gases  what- 
ever their  chemical  nature  may  be,  if  for  the  value  Vq  we  select  the  molecular 
volume,  that  is,  the  volume  in  cubic  centimetres  at  0°  and  760  mm.  pressure, 
which  a  quantity  of  gas  would  occupy,  the  weight  of  which  was  eqval  to  its 

molecular  weight    ex- 
V  .^^  pressed    in    grammes 

(gramme  -  molecule, 
abbreviated  to  Mol.) ; 
then  the  final  and 
general  formula  for 
gases  becomes  :  p.t?  = 
R.T. 

According  to  Avo- 
gadro's  law  the  mole- 
cular volume  of  all 
perfect  gases  at  0°  and  760  mm.  pressure  is  always  22,412  c.c,  that  is, 
2  grms.  of  hydrogen  or  32  grms.  of  oxygen,  and  so  on,  occupy  22,412  c.c, 
and  may  then  be  represented  by  jR. 

The  figure  which  represents  the  value  R  is,  as  we  have  said,  independent 
of  the  nature  of  the  gas,  but  varies  with  the  units  of  measurement  which  we 
select  to  represent  the  magnitude  p  and  the  molecular  volume  ;  if  we  measure 
the  pressure  in  units  of  one  atmosphere  (p^  =  1)  and  the  molecular  volume 
in  litres  (that  is,  22*412  litres),  then 

R  =  ^_\-  =  0-0821     and  thus  p.v  =  00821  T. 

If  instead  of  the  pressure  p,  that  is,  one  atmosphere,  we  express  it  in  corre- 
sponding grammes  of  mercury  (76  c.c.  of  mercury  =  10333  grms.),  and  the 
molecular  volume  in  c.c.  (22,412),  then  the  value  of  the  gas  constant  becomes  : 

R  =  ^^^^^273 ^^^^^  "  ^^'"^^ ^"'^  ^^"^  ^'^  =.H7^  ^• 

In  the  general  formula  for  gases  jw  =  RT,  we  know  that  pv  represents 
a  quantity  of  energy,  namely,  the  energy  of  volume,  which  is  independent 
of  the  volume  and  the  pressure  for  any  gas  whatever  and  is  only  determined 
by  the  absolute  temperature  T,  That  is  to  say,  that  pv  represents  the 
quantity  of  energy  (m  absolute  units)^  necessary  for  the  conversion  of  a  gramme- 

*  Abnolule  preasures  arc  prussures  expressed  iu  abaolutc  units  of  the  iuteruutional  syBtciu,  the  ceutimelrc- 
gramme-sccoud  (C.U.S.)  sybtcm.  The  dyne  is  the  unit  uf  force  which  causes  au  acccleratiou  of  1  cm.  per  sec. 
per  sec.  on  1  grm.  of  matter  at  the  sea-icvel  ut  a  hititude  of  45*'.  It  is  known  that  gravitation  produces  au  accele- 
ration of  081  cm.  per  sec.  per  sec.  ou  1  grm.  of  matter,  aud  thus  a  weight  of  1  grm.  expressed  iii  absolute  units 
of  force  corre8i>ondB  to  Otil  dynes.  The  pressure  of  1  atmosphere  corresponds  to  a  column  of  mercury  76  cm.  high 
with  a  croea-sectiou  of  1  sq.  cm.  per  sq.  cm.,  that  is,  to  a  weight  of  1033  grms.  aud  therefore  to  981  x  1033  dynes, 
i.e.  about  one  million  dynes  or  lU"  dynes.  Aud  as  tlie  work  corresponding  to  the  unit  of  force  (the  dyne)  is  called 
the  erg  (the  absolute  unit  of  work),  the  pressure  of  au  atmosphere  expressed  in  absolute  units  of  work  will  be 
10  ergs,  or,  more  exactly,  1,033,300  ergs.  (Trantlator'i  note. — Tills  should  read  "  work  done  agaiust  atmobphcrlc 
nrowurc  through  a  diatanco  of  1  ceutimetro.") 
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molecule  of  any  liquid  or  solid  sub&tance  whatever  into  gas  {22,412  c.c),  in 
order  to  overcome  the  atmospheric  pressure.  We  will  ahow  below  that  tbo 
»oik  expressed  in  calorific  units  becomes  pv  =  1-985  T  calories,  because  a 
calorie  corresponds  to   42720    absolute    units    (ergs,   see    below),  and    thus 

84780         .      .,  ,     . 

■  „-,-  =  about  two  calories. 
42720 

Or  since  the  work  necessary  to  increase  the  volume  of  any  gas  by  one 
litre,  overcoming  the  pressure  of  one  atmosphere,  is  1,033,300  absolute  units* 
and  since  a  caloric  correspondH  to  42,720  absolute  units,  the  number  of  calories 
corresponding  to  the  work  of  one  litre-atmosphere  will  be : 
1,033,300       -,  ,„     ,    . 
42720     =  ^*'^^  '*^*'"^- 
If  now  in  the  general  formula  for  gases  (I),  instead  of  representing  p«  by 
unity,  we  represent  it  by  the  corresponding  value  in  calories  (of  one  htre- 
atmosjAere)  we  will  have : 

p.v  =  00821  X  24-19  T  =  1-985  T. 


CRITICAL  TEMPERATURES  AND  PRESSURES  OF  GASES 

Od  compreaaing  or  cooling  a  gas  this  is  ordioaiily  transformed  into  a  liquid,  because 
tliu  molecules  approooh  one  another  through  the  pressure,  or  loworing  of  the  temperature, 
Qotil  they  reciprocally  attract  one  another  in  a  stable  manner.     In  spite  of  this  some 
gases  resist  liquefaction  even 
under  the  strongest  pressures, 
amounting     to    thousands    of 
atmospheres,    as    was    proved 
by  Natt«rer. 

At  iim  doee  of  1823  Fara- 
day found  a  general  method 
at  liquefying  many  gases  and 
(.-specially  chlorine ;  into  a 
glass  tube  bent  into  an  angle 
and  closed  at  one  end  he  intro- 
daced  chlorine  hydrate,  and 
tben  doBcd  the  other  end  of 
the  tube  in  the  blovr-pipc 
(Fig.  4).  By  immersing  the 
end  of  the  tube  containing 
the  crystals  in  a  wat«r-bath 
chlorine  was  already  evolved 
at  30",  and  on  immersing  the 
other  end  in  a  beaker  con- 
taining ice  the  chlorine  was 
bquefied    through    the  strong 

ptanjuro   which  the  gas  itself  ^*-  ^• 

exerted  as  it  was  developed. 

In  this  way  Faraday  succeeded  in  liquefying  carbon  dioxide,  hydrogen  sulphide,  gaseous 
bydruvhloiic  acid,  sulphur  dioxide,  ammonia,  and  chlorine. 

In  1835  Thilorier  prcjiaicd  large  quantities  of  liquid  and  solid  carbon  dioxide.  On 
mixing  the  latter  with  ether  he  obtained  a  temperature  of  100"  below  ztro  and  evin  of 
- 1 10^  by  evaporating  the  mixture  in  vacuo.     But  until  1877  it  had  not  ijeen  found  possible 

ipbne,  titai  lu  nl»  Ihe  pbluii  by  1  itcciDKlie,  lliut  [».  to  Inccuvw  tbc  voluiim  liuidi;  tliu  cylinder  by  I  Hire. 
>'  niut  da  wurk  cofnttponUing  to  tha  rualsg  of  HMU  Ufcw  lliruugh  a  Iwlglit  ol  I  ilni.  (aiiiin^  tbapiouun 
■it  ooe  ■tnmptum  concBpondn  to  WiTa  gcinn.  |>vr  >tq.  cm.  uid  to  ll>3'3»  kilus  pL-i  aq.  (Ivuioictri;) ;  l]i«  woik 
uiT«*r)'  lo  nlte  lOS'SS  kllca  llinnigl]  ■  belgbl  ol  1  dm.  Iji  equal  lo  tlint  required  to  nUc  1  grin.  Uiraiigti  ■ 
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to  liquefy  hydrogen,  oxygen,  nitrogen,  carbon  monoxide,  air,  methane,  or  nitric  oxide, 
and  for  this  reason  these  gases  were  called  the  permanent  gaees.  In  1869  and  1872  Andrews 
showed  by  important  and  numerous  exi)eriment8  that  for  gases  in  general  a  temperature 
exists  above  which  they  cannot  be  liquefied  whatever  the  pressure  may  be.  Thus  at 
0°  carbon  dioxide  is  liquefied  at  35-4  atmospheres  pressure,  at  30°  at  73  atmospheres, 
whilst  at  31°  it  cannot  be  liquefied  whatever  the  pressure  may  be.  Its  volume  then 
diminishes  until  it  corresponds  to  the  liquid  condition  (critical  volume)  but  the  substance 
still  remains  gaseous.  This  limiting  temperature,  above  which  the  liquefaction  of  a  gas 
is  impossible,  is  called  its  critical  temperature  (T),  whilst  the  pressure  which  is  necessary 
to  liquefy  it  at  the  critical  temperature  is  called  the  critical  pressure  (P). 

Natanson,  and,  still  more  completely,  van  der  Waals,  obtained  an  equation  of  the 
third  degree  based  on  the  deviations  from  the  law  of  Boyle,  by  means  of  which  they  were 

able  to  calculate  theoretically  the  critical 

\\\  temperatures  and  pressures  of  the  various 

gases  in  advance,  and  experience  has 
confirmed  their  deductions.  On  the  oppo- 
site page  we  give  the  critical  temperatures 
and  pressures  of  a  few  gases. 

The  phenomena  of  the  critical  tem- 
perature are  graphically  illustrated  in 
Fig.  5,  which  refers  to  the  behaviour  of 
carbon  dioxide.  If  we  start  with  a  given 
weight  of  carbon  dioxide  and  plot  as 
abscissae  on  the  horizontal  axis  the 
volumes  which  it  assumes  at  varying 
pressures  and  plot  the  corresponding 
pressures  as  ordinates  on  the  vertical 
axis,  then  we  obtain  for  each  tempera- 
ture a  different  isothermic  curve.  In 
the  first  isothermal,  corresponding  to  a 
temperature  of  13*1°,  we  see  that, 
starting  from  the  base  on  the  right  hand, 
the  curve  rises  for  a  short  distance, 
because  as  the  pressure  rises  the  volume 
diminishes  correspondingly ;  the  curve 
then  becomes  rectilinear  and  horizontal, 
which  indicates  that  the  pressure  remains 
constant  whilst  the  volume  rapidly 
diminishes ;  in  this  portion  we  have  the 
gradual  liquefaction  of  the  carbon 
dioxide.  During  this  transformation 
of  vapour  into  liquid  it  is  impossible  to  raise  the  pressure,  as  any  attempt  to  do  so  simply 
increases  the  rate  of  liquefaction ;  when  all  the  vapour  is  tran^ormed  into  liquid  we  see 
that  the  volume  scarcely  diminishes  any  further,  as  liquids  are  only  very  slightly  com- 
pressible, and  thus  the  isothermal  rises  rapidly  in  an  almost  vertical  direction  up  to  the 
highest  pressures.  The  next  isothermal,  corresponding  to  a  temperature  of  2 1  *  1  °  is  analogous 
to  the  preceding  one,  but  the  horizontal  portion,  where  vapour  and  liquid  carbon  dioxide 
coexist,  is  shorter  and  continues  to  diminish  in  the  isothermals  corresponding  to  higher 
temperatures  until  it  is  reduced  to  a  point,  K,  in  the  isothermal  corresponding  to  31-1^, 
and  at  a  pressure  of  about  76  atmospheres.  The  point  K  is  called  the  critical  point  and  corre- 
sponds to  the  critical  temperature,  critical  pressure  and  critical  volume  (that  is,  the  volume 
corresponding  to  K  on  the  axis  of  the  abscissae. 

At  temperatures  above  31*1°  it  is  not  possible  to  liquefy  carbon  dioxide  and  the  iso- 
thermals corresponding  to  the  temperatures  of  32-5°,  35-5°,  and  48-1°  show  that  the  curves 
no  longer  have  a  horizontal  portion  but  show,  on  the  other  hand,  the  passage  of  vapour 
into  the  state  of  a  more  perfect  gas.  In  the  right-hand  top  corner  of  the  diagram  thre<» 
isothermals  of  an  almost  perfect  gas,  namely,  air,  which  has  a  critical  point  of—  lAK)'^ 
(aee  Table),  arc  drawn. 


Fig.  5. 
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LIQUEFACTION  OF  PERMANENT  GASES 

After  the  work  of  Andrews,  Pictet  at  Geneva  (December  2,  1877),  and  Cailletet  at 
Paris  (December  30,  1877),  succeeded,  independently  of  one  another,  in  liquefying 
oxygen  and  almost  all  the  other  permanent  gases.  Pictet  first  liquefied  an  easily  conden- 
sible  gas  by  pressure  and  refrigeration  ;  into  this  liquefied  gas  he  then  immersed  a  tube 
containing  another  compressed  and  refrigerated  gas,  and  finally  caused  the  first  gas  to 
evaporate  rapidly  by  strongly  diminishing  the  pressure.  In  this  way  he  lowered  the 
temperature  sufficiently  to  produce  liquefaction  of  the  second  compressed  gas.  Into  this 
new  liquid  he  then  immersed  another  strongly  compressed  and  cooled  gas,  more  difficult  to 
liquefy  than  the  preceding  one,  and  caused  this  to  liquefy  in  turn  by  causing  the  other 
liquefied  gas,  in  which  it  was  immersed,  to  evaporate  rapidly.  In  this  way  he  gradually 
succeeded  in  liquefying  almost  all  the  permanent  gases. 

Cailh^tet,  on  the  other  hand,  strongly  compressed  any  cooled  gas  and  then  allowed 
it  to  expand  rapidly  until  it  attained  the  ordinary  pressure  ;  he  succeeded  in  this  way 
in  cooling  it  very  considerably.  He  then  compressed  it  again  and  allowed  it  to  expand, 
and  repeated  these  operations  of  cooling  by  means  of  expansion  until  he  finally  obtained 
the  liquid. 

In  1884  Wroblowsky  and  Olszewsky,  and  later  Dewar  in  London,  with  an  ingenious 
apparatus  based  on  Cailletet^s  principle,  but  which  allowed  the  compressed  -gas  at  twenty 
atmospheres  to  expand,  easily  prepared  liquid  air  and  oxygen,  at  a  temperature  of  only 
-190°.  In  1898  Dewar  prepared  considerable  quantities  of  liquid  hydrogen  and  helium, 
which  had  not  been  prepared  before,  attaining  a  temperature  of  -  258°  and  then  obtained 
solid  hydrogen  at  a  temperature  of  -259°.  ^ 

In  1897  Liinde  constructed  a  simple  and  ingenious  machine,  based  on  the  cooling 
produced  by  the  expansion  of  compressed  gases,  for  liquefying  large  quantities  of  air 
[see  Liquid  Air). 

The  behaviour  of  substances,  and  the  chemical,  physical,  and  vital  phenomena,  animal 
and  vegetable,  at  such  low  temperatures,  are  interesting  and  often  strange.  Certain 
nuCTobes,  for  instance,  resist  temperatures  of  -190°  very  well  and  merely  cease  to 
multiply,  but  when  brought  back  to  the  ordinary  temperature  resume  all  their  vital 
functions.  EJlectrical  phenomena  at  low  temperatures  are  also  very  interesting  {see 
liquid  Air). 

LAWS  OF  GAY-LUSSAC  ON  GASEOUS  COMBINATION.  The  brilliant 
hypothesis  of  Dal  ton  was  confirmed,  and  its  importance  increased,  by  the 
valuable  exx>eriinents  of  Gay-Lussac  and  Humboldt  which  quickly  followed 
in  1805 ;    these  scientists  succeeded  in  showing  that  one  volume  of  oxygen 

'  In  order  to  mcaBure  Buch  low  temperatoreB  Dewar  nsed  hydrogen  thermometers  at  constant  volame,  or 
Tbemm-electxic  couples,  or  electrical  rcBtetance  thermometers  of  various  metals  and  alloys ;  the  latter  are  not 
«xsrt  at  temperatnrea  below  -  200",  whilst  the  flrst  are  the  best.  For  temperatures  between  -  ISS**  and  -  200" 
oxj'gro  tbermometers  b«a«i  on  the  vapour  tension  of  this  gas  when  liquefied  served  very  well.  For  ordinary 
m^^Mirements  down  to  —200*  pentane  thermometerB  served  sufficiently  well;  pentane,  CbHis,  obtained  from 
tbe  moTB  volatile  petroleum  fractions,  is  already  liquid  at  ordinary  temperatures  and  remains  liquid  down  to 
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gas  combines  with  exactly  two  volameB  of  hydrogen  gas  lo  form  water.  In 
1808  Gay-Lussac  alone,  continuing  these  experiments  on  the  combination  of 
gases,  found  that' a  constant  and  simple  relation  existed  not  only  between 
the  volumes  of  gases  (or  vapours)  which  combined,  but  also  between  the 
total  volume  of  the  gases  entering  into  combination  and  the  volume  of  the 
resulting  mixture  of  gas  or  vapour. 

We  may  illustrate  these  important  laws  discovered  by  Gay-Lussac  by  a 
few  experiments. 

la  order  to  show  that  water  is  composed  of  hydrogen  and  oxygen,  it  ia  safficient  to  decom- 
pose it  with  an  electric  current  in  a  Hofmann  U-tube  (Fig.  6).  One  end  of  this  tube  is  closed, 
and  if  connected  with  the  negative  (zinc)  pole  of  an  electric  battery,  hydrogen  will  collect 
there  whilst  oxygen  ia  developM  in  the  open  arm  at  the  poaitive  pole.  It  the  current  ia 
reversed,  oxygon  will  collect  at  the  positive  pole  and  hydrogen  at  the  negative. 


Fb>.  7. 

In  order  to  demonatratc  the  nature  of  the  two  gases  which  are  formed,  the  open  end  of 
the  tube  ia  filled  with  water,  cloaed  with  the  hand,  and  rovcraed  in  such  a  manner  as  to 
pass  the  gas  into  the  open  arm.  Hydrogen  ia  then  recogniaed  by  burning  when  lighted 
with  a  match,  whilst  oxygen  revives  the  combuation  of  a  glowing  apUnt  of  wood. 

Gay-Lnsaao's  demonatration  of  the  fact  that  one  volume  of  oxygon  combines  with  two 
volumea  of  hydrogen  may  be  shown  in  the  apparatus  (Fig.  7), 

Thia  ia  a  U-shaped  eudiometer  filled  with  mercury,  one  arm  of  which  is  dosed  above 
with  a  tap  and  containa  two  platinum  poles.  By  running  out  mercury  through  the  lower 
tap  a  moaaured  volume  of  oxygon,  tor  example,  5  c.c,  ia  allowed  to  enter  through  the  top 
tap,  and  is  then  mixed  with  a  meaanred  exceaa  of  hydrogen,  for  example,  30  c.c.  After 
reading  the  total  volume  of  the  mixed  gases  when  the  mercury  in  Ixith  arms  of  the  eudio- 
meter is  at  the  samo  level,  the  excess  of  mercury  iu  poured  into  the  open  arm  in  order  to 
counterbalance  the  pressure  which  is  produced  on  paaaing  an  electric  upark  between  the 
platinum  terminals  by  means  of  four  Bunaen  cells  and  a  RahmkorfF  coil. 

The  electric  disoharge  oausea  the  hydrogen  and  oxygen  to  reaot  with  momentary 
dilation  of  the  oxoess  of  gas  and  of  the  water-vapoui  which  ia  formed. 

After  the  reaction,  and  when  the  apparatus  has  cooled,  the  mercuryia  again  brought  to 
thesamelovelinthetwoarmsof  the  eudiometer, when  thoremaining  quantity  of  hydrogen  is 
found  to  be  10  c.c  Therefore,  5  c.c.  of  oxygen  and  10  c.c.  of  hydrogen  have  disappeared, 
thatig,  have  been  tronaformod  into  liquid  water.     Thus  the  combination  has  taken  place 
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in  the  proportion  of  one  volume  of  oxygen  with  two  volumes  of  hydrogen,  and  if  the  water 
thus  formed  wore  transformed  into  vapour  by  immersing  the  eudiometer  into  a  medium 
with  a  temperature  above  100**,  it  would  occupy  two  volumes  compared  to  the  three 
complete  volumes  of  gas  from  which  it  is  derived  (two  of  hydrogen  and  one  of  oxygen, 
measured  at  the  same  temperature).  The  second  consequence  of  the  law  of  Gay-Lussac 
has  thus  been  demonstrated,  which  is  that  the  total  volume  of  gas  formed  is  in  a  simple 
relation  to  the  total  volume  of  the  component  gases  (two  volumes  of  water  vapour  compared 
with  three  complete  volumes  of  oxygen  and  hydrogen). 

If  we  deduce  the  consequences  of  this  experiment,  we  arrive  at  the  interest- 
ing conclusion  that  if  two  volumes  of  hydrogen  gas  combine  with  one  volume 
of  oxygen  gas  in  order  to  form  water,  the  water  must  be  formed  according 
to  the  proportions  by  weight  of  the  two  components,  hydrogen  and  oxygen, 
which  would  be  equal  to  the  proportion  of  the  weight  of  one  volume  of  oxygen 
gas  with  the  weight  of  two  volumes  of  hydrogen  gas. 

We  have  already  found  by  means  of  various  chemical  analyses  the  weight 
of  combination  or  stoichiometric  values  of  this  element,  that  is,  we  already 
know  that  in  water  one  part  by  weight  of  hydrogen  is  combined  with  eight  parts 
by  weight  of  oxygen.  On  the  other  hand,  we  find  with  the  balance  that  two 
htresof  hydrogen  (two  volumes)  weigh  0' 1801 8  gr.and  that  one  litre  of  oxygen 
(one  volume)  weighs  1'430  gr.  The  relation  between  these  two  weights  is 
precisely  1  to  8,  that  is,  the  weight  of  one  volume  of  oxygen  is  eight  times 
greater  than  two  volumes  of  hydrogen,  or  sixteen  times  greater  than  a  single 
volume  of  hydrogen. 

Since  gases  so  diverse  in  physical  and  chemical  properties  (both  simple 
and  compound)  all  follow  the  laws  of  Boyle  and  of  Gay-Lussac,  we  must 
suppose  that  this  behaviour  is  due  to  some  factor  common  to  all  gases  inde- 
pendently of  their  chemical  nature.  If  we  actually  suppose  that  in  equal 
volumes  of  various  gases  there  is  an  equal  number  of  particles,  and  if  we 
know  that  one  volume  of  oxygen  weighs  sixteen  times  one  volume  of  hydro- 
gen, then  it  will  follow  that  the  particles  or  atoms  of  oxygen  must  weigh 
sixteen  times  as  much  as  hydrogen  particles.  One  litre  of  oxygen  weighs 
1'43  gr.  and  one  litre  of  hydrogen  0*09  gr.  The  relation  between  these  two 
weights  is  as  16  to  1,  and  since  equal  volumes  will  contain  equal  numbers 
of  atoms,  then  the  atomic  weight  of  hydrogen  being  1,  that  of  oxygen  will 
be  16.  And  if  this  reasoning  suffices  for  all  gases,  it  will  be  possible  to  deter- 
mine the  relative  weight  of  the  particles  of  any  gaseous  substance  by  a  very 
simple  method.  It  will  be  necessary,  that  is,  to  weigh  a  given  volume  of  the 
gas  to  be  studied  and  to  see  by  how  many  times  this  weight  is  greater  than 
that  of  an  equal  volume  of  hydrogen,  taken  as  unity. 

This  conclusion  was,  however,  not  deduced  by  Dalton,  who  was  not  even 
willing  to  accept  it,  but  by  Berzelius  about  the  year  1810,  who  felt  himself 
authorised  to  deduce  from  the  laws  of  Gay-Lussac  and  of  Boyle  on  gases, 
and  from  the  experiments  of  Proust  and  of  Dalton,  that  in  equal  volumes  of 
gas  under  equal  conditions  of  temperature  and  pressure,  equal  numbers 
of  atoms  exist ;  but  when  Berzelius  came  to  control  by  practical  experiments 
this  daring  and  brilliant  deduction,  he  at  once  found  that  numerous  facts 
were  in  apparent  arid  inexplicable  contradiction  with  his  hypothesis.  Thus 
he  says  that  if  one  combines  one  volume  of  hydrogen  gas  with  one  volume  of 
chlorine  gas,  one  volume  of  the  new  gas,-  hydrochloric  acid  should  logically 
result,  because  the  new  volume  of  hydrochloric  acid  so  formed  should  be 
constituted  of  one  particle  of  hydrogen  and  one  particle  of  chlorine,  so  that 
the  two  reacting  particles  should  form  one  single  particle  of  hydrochloric 
acid,  and  thus  the  two  volumes  of  particles,  for  example,  1000  +  1000 
particles,  should  give  one  volume  only  or  1000  particles  of  hydrochloric  acid 
(particles   formed    of   hydrogen    and    chlorine).     But   practical    experiment 
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showed  that  two  volumes  of  hydrochloric  acid  gas  were  formed.  Thus  also 
on  combining  two  volumes  of  hydrogen  with  one  of  oxygen,  a  single  volume 
of  water  vapour  should  result,  because  each  particle  of  water  necessarily 
requires  three  particles  of  the  constituent  elements,  that  is,  one  particle  of 
hydrogen  unites  with  another  particle  of  hydrogen  and  one  particle  or 
volume  of  oxygen  to  give  a  single  particle  of  water,  so  that  three  volumes 
should  form  a  single  volume,  but  it  is  actually  found  that  two  volumes  result. 

Confronted  with  this  abnormality,  Berzelius  wavered,  and  not  being 
able  to  explain  the  enigma,  finished  by  partly  renouncing  his  hypothesis 
and  limiting  it  to  the  simple  gases,  and  no  longer  applying  it  to  gases  formed 
of  different  elements  or  atoms. 

Nevertheless,  an  Italian  physicist,  Count  Amedeo  Avogadro  (1776-1856), 
in  1811  brilliantly  explained  this  apparent  contradiction  by  means  of  an  in- 
genious hypothesis  which  he  amplified  and  confirmed  in  1814.  He  supposed 
that  the  particles  which  we  imagine  to  constitute  matter  are  composed  of  still 
smaller  particles,  and  called  the  first  molecules  and  the  second  atoms.  These 
latter  are  not  free,  but  are  united  in  pairs  or  larger  numbers  with  one  another  in 
order  to  form  molecules,  which,  on  the  other  hand,  exist  uncombined  in  the  gas. 

When  chemical  combination  occurs  under  the  influence  of  special  circum- 
stances, the  molecules  split  and  moment  aril  j^  liberate  atoms,  by  which  means 
it  becomes  possible  for  these  to  combine  with  other  atoms  of  different  character, 
so  creating  new  molecules  of  a  new  compound. 

If  we  represent  these  molecules  graphically,  divided  into  two  parts  (the 
atoms),  then  the  chemical  reaction  in  respect  to  the  volumes  of  gas  and  to 
the  number  of  small  and  large  particles  (atoms  and  molecules)  may  be  imagined 
with  the  help  of  the  following  figures,  which  indicate  the  atoms  of  hydrogen 
with  the  letter  H,  those  of  chlorine  with  the  letters  CI,  of  oxygen  with  the 
letter  O,  hydrochloric  acid  with  HCl,  and  water  with  HgO. 
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In  this  way  the  reactions  which  occur  in  practice  are  explained  without 
any  anomaly  and  in  full  conformity  with  the  law  of  Gay-Lussac.  We  can 
now  state  with  the  greatest  exactitude  that  in  equal  volumes  of  gas  equal 
numbers  of  molecules  (not  of  atoms)  are  contained.  And  with  this  conception 
it  is  also  possible  to  foresee  and  establish  a  priori  in  the  greater  number  of 
cases  how  many  volumes  of  the  gaseous  compoimd  will  result  from  the  action 
of  given  volumes  of  simple  gases,  and  thus,  for  example,  one  knows  that  if 
one  volume  of  sulphur  combines  with  two  volumes  of  oxygen  to  give  sulphur 
dioxide,  the  volume  occupied  by  this  new  gas  should  be  two  volumes.     Thus  : 
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AVOGADRO'S    HYPOTHESIS  3a 

Avogadro^  thus  clearly  deduced  from  the  available  evidence  the  idea  that 
tn  eqiKd  txjlumes  of  gas  uiider  equal  conditions  of  temperature  and  pressure^  equal 
nuriU)eT8  of  molecules  exist,  and  knowing  also  that  the  relation  between  the 
combining  weights  (stoichiometric  values)  is  equal  to  the  relation  between  the 
volumes  of  gases  which  combine,  the  conclusion  is  arrived  at  that  the  relation 
between  the  weight  of  one  volume  of  any  gas  and  the  weight  of  an  equal 
volume  of  hydrogen  gas  will  be  the  same  as  that  which  exists  between  the 
weight  of  one  molecule  of  the  gas  and  that  of  a  molecule  of  hydrogen. 

Thus,  in  order  to  know  the  molecular  weight  of  any  gas,  it  is  sufficiefU  to  know 
the  weight  of  a  given  volume  of  hydrogen  gas  and  thai  of  an  equal  volume  of  the  gas 
under  consideration. 

And  thus  the  law^s  of  Boyle  and  of  Gay-Lussac  also  found  their  most 
beautiful  and  simple  expression  in  the  postulate  of  Avogadro. 

The  principal  laws  obeyed  by  gases  being  then  known,  it  was  easy  to  arrive 
at  the  molecular  weights  of  all  gaseous  substances,  or  of  such  as  could  be 
evaporated,  by  determining  the  density  of  the  gas  or  vapours,  that  is,  by 
comparing  the  weight  of  the  gas  with  that  of  an  equal  weight  of  hydrogen, 
taken  as  unity. 

We  will  summarise  briefly  the  various  methods  which  have  been  devised 
for  determining  the  densities  of  vapours  and  gases,  because  these  have  con- 
tributed greatly  to  the  development  of  modern  chemistry. 

'  We  think  it  wiU*  be  interesting  to  give  a  bi<^rsphical  note  of  this  Italian  scientist,  wlio  was  for  a  long  time 
nnreoognised  and  wlio  did  so  much  for  the  progress  of  chemistry.  Coant  Amedeo  Avogadro  was  bom  at  Turin 
on  Aognst  9, 1776,  and  died  at  Turin  on  July  9,  1856.  In  1796  he  was  a  doctor  of  law,  and  in  1806  was  a  teacher 
of  physics  in  a  collie  at  Turin.  From  1808  until  1820  he  was  professor  of  pliysics  at  the  gynmaslum  at  Vercelli, 
and  later  was  nominated  professor  of  mathematical  physics  in  the  University  of  Turin.  His  chair  was  suppressed 
aft^  the  revolutionary  movement  of  1821,  and  he  devoted  himself  to  the  magistracy  in  order  to  soon  return  in 
1833  to  the  study  of  physics  in  the  same  university.  He  was  little  known  in  Italy  and  still  less  abroad. 

His  important  work  appeared  on  July  14,  1811,  in  the  Journal  de  Phytique,  and  the  second  part  in  1814  in 
the  same  Journal  under  the  tiUe  "  Bssai  d'une  manitre  de  determiner  les  masses  relatives  des  molecules  ei^men- 
talrea  des  corps  et  les  proportions  selon  lesquellcs  elles  entrent  dans  les  combinaisons."  From  the  law  of  Boyle 
and  of  Oay-Luseac  he  deduced  that  in  equal  volumes  of  any  gas  whatsoever  equal  numbers  of  particles  are  con- 
tained which  are  present  at  such  a  distance  from  one  another  that  they  no  longer  attract  one  another,  and  he 
called  them  amstUuent  moUadet  or  integrania.  Thoe  molecules  were  formed  in  their  turn  of  still  smaller  indivisible 
particles  called  demerUary  moUeulea  (atoms). 

AvogadTO*s  hypothesis  was  not  accept^  at  that  time  on  account  of  the  apparent  difficulties  of  imagining 
part  ides  of  simple  gases  equal  to  those  of  compound  gases,  whilst  according  to  Avogadro  himself  a  diiference 
existed  between  the  molecules  of  simple  gases  and  those  of  gaseous  compounds.  The  former  were  in  their  turn 
constitnted  of  two  other  indivisible  particles  of  the  same  nature,  of  the  "  elementary  molecules  "  (atoms)  which 
held  one  another  united  to  form  the  free  molecules,  whilst  the  molecules  of  other  combinations  were  also  formed 
of  two  atoms  but  of  different  nature.  He  demonstrated  that  no  case  was  known  in  which,  starting  from  one  volume 
of  a  gas  B,  one  volume  of  a  gas  AB  was  formed,  as  one  would  expect  on  the  hypothesis  of  the  Indivisibility  of 
molecules  (to-day  some  cases  of  monatomic  molecules  are  known),  but  in  reality  a  volume  results  which  is  always 
at  least  double  that  of  one  of  the  components,  so  that  it  is  necessary  that  such  a  component  should  be  divided 
into  at  least  two  x>article8  in  order  to  enter  into  a  double  number  of  new  particles.  He  thus  explained  how  one 
volume  of  H  and  one  volume  of  CI  could  form  two  volumes  of  HC3,  thus  explaining  brilliantly  all  the  gaseous 
combinations  Imown  in  his  time. 

In  1812  Davy  made  a  vague  note  on  the  probability  of  the  atoms  first  uniting  into  groups  which  constituted 
the  chemical  particles  of  a  sutwtance ;  in  1814  Ampere  clarified  and  amplified  Davy's  conception,  approaching 
considerably  to  the  conception  already  clearly  explained  by  Avogadro. 

But  there  were  individual  facts  which  could  only  be  explained  by  Avogadro's  hypothesis,  although  these  facts 
were  not  sufficiently  numerous  to  malce  the  need  of  the  new  hypothesis  felt  by  all,  and  it  remained  neglected  and 
obscured  for  about  fifty  years,  although  Berzelius  noted  it  in  his  treatise  on  chemistry.  Avogadro's  hypothesis 
received  full  recognition  about  the  year  1850  through  the  new  and  important  woric  in  organic  chenii«try  initiated 
by  (Jerhardt  and  lAurent.  Qerhardt  even  considered  it  as  a  scientific  necessity  in  order  to  explain  all  chemical 
phenomena.  In  1856,  whilst  the  dispute  on  this  hypothesis  still  raged,  Clausius,  starting  from  purely  physical 
considerations,  develo^>ed  the  mechanical  theory  of  heat  by  using  Avogadro's  hypothesis. 

It  was  also  the  great  merit  of  Ganniziaro  to  have  co-operated  with  enthusiasm  since  1858  in  the  propagation 
in  Italy  of  Avogadro's  important  postulate,  and  to  have  placed  the  atomic  theory  on  a  fundamental  basis  and 
given  a  brilliant  and  synthetic  explanation  of  it  in  a  modest  and  most  valuable  monograph  entitled  "  Sunto  di 
un  corso  di  filtMofla  chimica  "  ("  Synopsis  of  a  Course  of  CSiemical  Philosophy  "). 
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DETERMINATION  OF  THE  DENSITIES  OF 
VAPOURS  AND  GASES 

The  density  of  gases  is  given  by  the  relation  between  the  weight  of  a  given 
volume  of  gas  and  that  of  an  equal  volume  of  air,  measured  under  the  same 
_^^_^^     conditions   and   taken  &8  the  unit 
of  comparison.     It  would  be  more 
rational    to    refer  the    density    of 
gases  to  that  of  hydrogen. 

The  gases  must  be  compared  at 
the  same  temperature  and  pres- 
sure, and  it  is  convenient  to  com- 
pare all  gas  volumes,  Ve  &t  zero 
temperature  and  at  the  normal 
pressure  of  760  mm.  Then  by 
combining  the  two  formulae  repre- 
renting  the  laws  of  Boyle  and  of 
Gay-Luasae  respectively  (see  pp. 
23-24)  and  noting  the  coefficient 
of  dilatation  of  gases,  we  arrive  at 
a  single  genera)  formula  for  any 
temperature : 

^         V{p-h) 
760  (i  +0-00367  0 
where   V  indicates  the  volume   of 
gas  at  the  temperature  I  and  pres- 
sure p  observed  in    mm.  by  the 
Pj^,  g  Fio  0  mercury    barometer.     But    it     is 

necessary  to  take  into  account  the 
vapour  tension  of  the  liquids  over  whicli  the  gases  are  measured ;  the 
tensions,  A,  for  water  are  indicated  in  the  table  which  is  given  in  the  chapter 
on  Water. 

There  are  various  methods  of  determining  the  densities  or  specific  weighls 
of  gases  and  vapours,  but  in  all  these  it  is  necessary  to  take  into  account 
the  observation  of  Amagat,  that 
gasea  and  vapours  foUow  the 
laws  of  Boyle  and  of  Gay-Lussac 
the  more  exactly  tlie  further  the 
vapour  is  removed  from  the  tem- 
perature of  condensation  or  lique- 
faction, that  is,  the  hotter  it  is. 

Qay-LoNoc'a    Method    (1816).      A 
weighed  quantity  of  a  liquid  or  solid 
Bubstance   is   introduced   into   a    gra- 
duated glaas  tube  («ee  Fig.  8}  full  of  Fia.  10. 
mercury  and  standing  in  a   bath    of 

morcury.  The  tube  ia  surrounded  by  a  largo  glasa  cylinder  in  which  ft  liquid  ia  plaerd 
(water,  oil,  Ac),  which  boils  at  a  more  elevated  temixratiirc  than  the  point  of  ebullition 
of  the  Bubstauco  under  examination.  Tlie  outer  liquid  is  then  tailed  by  raising  the  mercury 
to  a  sufficiently  high  tunii>eraturc  and  the  amount  of  vapour  formed  by  the  sabstAnee 
under  examination  is  then  measured,  the  temix;ralurc  and  pressure  to  which  it  is  subjected 
being  a] HO  nottrd. 

A.  W.  Ilofmann's  .1/r//i..rf  (ISOS).     This  In  nn  improv.-niPnt  ujmn  Gay-Lussac's  method, 
because  the  graduated  tube  contoining  the  mercury  is  1  m.  high  (Fig.  »),  and  the  subatancc 
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cui  thus  be  evaporated  in  e,  barometric  vacuum.  We  are  thua  able  to  atudy,  undecom- 
posed  and  in  a  state  of  vapour,  those  eabatancoa  which  decompose  on  boiling  at  the  ordinary 
pressure.  The  substance  is  heated  by  the  vapour  of  substancea  boiling  at  a  considerably 
tiigh^  tompeiature  than  the  product  under  examination  in  the  outer  tube. 

Dumas'  Method  (1827).  A  weighed  closed  bulb  of  about  500  c.c.  capacity  furnished 
with  »  capillary  neck  is  heated  and  the  capilloryimmorsedin  theliquid  or  molten  solidsub- 
stonce  which  is  to  be  studied.  OncooUng,  about  5  to  lOgrms.  of  the  substance  are  allowed 
to  enter  the  bulb.  The  bulb  is  then  immersed  in  a  bath  heat«d  to  a  temperature  higher 
than  that  of  the  boiling-point  of  the  substance  under 
examination.  This  then  gradually  evaporates,  driving  all 
the  air  out  of  the  bulb,  and  when  it  is  completely  evaporated 
and  no  further  vapour  issues  from  the  point  of  the  capillary 
this  is  sealed  in  tbe  blow-pipe  and  the  temperature  of  the 
bath  (which  should  be  equal  to  that  of  the  vapour  filling 
the  bulb)  is  measured,  and  also  the  height  of  the  baro- 
meter, 'the  bulb  is  well  cleaned,  carefully  weighed,  ^d 
the  point  then  immersed  in  a  vessel  of  mercury  ;  on 
breaking  the  closed  point  the  meionry  enters  and  fills  the 
bulb  completely,  as  a  vacuum  has  been  formed  by  the 
condensation  of  the  vapour.  This  mercury  is  then  poured 
inte  a  graduated  cylinder  where  it  is  exactly  measured,  or 
it  is  weighed.  Wo  have  thus  all  the  data  for  calculating  : 
(1)  the  weight  of  the  bulb  full  of  air  at  a  certain  pressure 
and  temperature  ;  (2)  the  volume  of  the  bulb  at  that  same 
temperature  (by  deducting  the  volume  of  the  mercury)  ; 
(3)  the  volume  of  the  air  and  its  corresponding  weight 
(found  from  a  suitable  table)  ;  (4)  the  volume  of  the  air  at 
the  temperature  of  the  heated  vapour  (calculated  by  means 
of  the  coeffldent  of  the  dilatation  of  gases,  O'O036T),  and 
thus  also  the  volume  of  tbe  vapour  at  the  same  t«mpeia- 
tore  ;  (6)  the  weight  of  the  evacuated  bulb  without  air 
(obtuned  by  deducting  from  the  weight  of  the  bulb  with 
mercury  the  weight  of  the  mercury) ;  and  (C)  the  weight  of 
vapour  contused  in  the  heated  bulb  (found  from  the  weight 
of  the  bulb  full  of  vapour  by  subtracting  the  weight  of  tho 
evacuated  bulb). 

ViOor  Met/er'a  Method  (1878).  The  volume  of  air  which 
is  displaced  by  the  vapour  of  a  given  weight  of  substance 
is  measured.  The  weighed  substance  under  examination  is 
placed  in  a  very  small  tube  and  is  dropped  into  a  vertical 
glass  tube  provided  with  a  delivery  tube  which  is  heated 
to  a  constant  temperature  by  hot  vapours  produced  in  an 
external  mantle.  It  is  there  immediately  evaporated,  giving  i 
a  oeztain  quantity  of  vapour  whioh  displaces  the  same 
volume  of  air.    This  is  collected  in  a  graduated  tube  as  is  Fio.  H. 

indicated  in  Fig.  11. 

The  temperature  of  the  vapour  is  given  by  the  boiling-point  of  the  substance  which 
produces  tho  vapours  in  the  outer  mantle  by  heating  the  apparatus  from  outside. 

This  simple,  rapid,  and  exact  method  is  one  of  the  most  widely  diffused  in  chemical 
laboratories.  In  the  case  of  substenccs  which  evaporate  at  high  temperatures  vessels  of 
porcelain  or  of  platinum  are  employed  which  ore  heated  infurnocesot  in  some  other  manner. 
Exact  determinations  can  be  mode  with  as  little  as  0-1  grm.  of  substance. 

In  some  cases  various  other  methods  of  determining  molecular  weights  ace  used,  but 
none  of  them  are  in  current  use  in  laboratories,  although  they  sometimes  servo  as  methods 
of  control. 

We  will  refer  amongst  these  to  the  methods  of  Wredo  Svanberg  (1646),  Bufi  (1831 ), 
Harchond  (1848),  Pfaundler  (1876),  Ualfatti.Schoop  (ISSG),  &c. 

Some  substances  or  elements  cannot  be  transformed  into  vapour,  and  the  molecular 
weight  must  then  be  determined  indirectly  by  determining  that  of  some  volatile  derivative. 
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For  instance^  chloride  of  iron  can  be  evaporated  and  from  its  density  the  atomic  weights 
of  the  components  can  be  calculated,  correcting  in  some  cases  the  inevitable  errors  by 
means  of  the  stoichiometric  values  which,  as  we  have  seen,  stand  in  simple  relationship  to 
the  atomic  weights.  Thus,  if  in  a  given  compound  we  find  the  resulting  molecular  value 
of  oxygen  to  be  32*7  we  must  correct  it,  as  it  must  be  an  exact  multiple  of  the  stoichio- 
metric value  of  8,  and  therefore  32. 

We  will  now  consider  some  simple  examples  of  the  calculation  of  molecular  weights. 
We  know  from  the  work  of  Gay-Lussao  that  one  volume  of  oxygen  combines  with  two  volumes 
of  hydrogen,  and  that  this  volume  of  oxygen  weighs  eight  times  the  two  volumes  of  hydrogen, 
that  is  to  say,  a  single  volume  of  hydrogen  weighs  sixteen  times  less  than  the  same  volume 
of  oxygen.  Hence,  if  we  take  the  atomic  weight  of  hydrogen  as  unity,  an  atom  of  oxygen 
will  weigh  16  because  in  equal  volumes  of  gas  there  are  equal  numbers  of  particles,  which 
in  this  case  are  diatomic  molecules  : 

1  litre  of  hydrogen  weighs  0-09009  grms.,  and  if  we  take  the  weight  of  hydrogen  as  unity, 
then  1  litre  of  chlorine  weighs  3*175  grms.,  that  is,  35*5  times  as  much  as  hydrogen  ; 
1  litre  of  oxygen    weighs  1-430  grms.,  that  is,  16  times  as  much  as  hydrogen  ; 
1  litre  of  nitrogen  weighs  1-257  grms.  that  is,  14  times  as  much  as  hydrogen. 

In  this  way  we  know  that  for  elementary  or  simple  substances  if  the 
atom  of  hydrogen  weighs  1,  then  that  of  chlorine  weighs  35*5,  that  of  oxygen 
16,  and  that  of  nitrogen  14,  &c.  If,  on  the  other  hand,  we  wish  to  know 
the  relative  atomic  weight  of  the  molecules,  as  it  is  really  these  which  move 
freely  in  the  gas,  then  the  diatomic  molecules  of  hydrogen  will  weigh  2,  of 
oxygen  32,  of  chlorine  71,  of  nitrogen  28,  that  is  to  say,  double  the  weight 
of  the  atoms.  Ordinarily,  for  convenience  and  exactness,  the  density  of 
gases  or  vapours  is  referred  to  that  of  air.  That  is,  the  weight  of  one  litre 
of  the  gas  or  vapour  is  compared  with  the  weight  of  one  Utre  of  air,  taken 
as  unity. 

Since  one  Utre  of  air  (1*294  grms.)  weighs  14*44  times  as  much  as  one  litre 
of  hydrogen  (0*09  grms.),  then  if  we  would  have  the  atomic  weight  of  the  sub- 
stance under  examination  referred  to  hydrogen  as  unity,  we  must  multiply  the 
density  of  the  gas,  referred  to  air  as  unity,  by  14*44,  and  if  we  would  have 
the  molecular  weight  (where  there  are  two  atoms  in  a  molecule)  we  must 
multiply  by  28*88. 

For  example,  the  density  of  sulphur  dioxide  compared  with  air  was  found 
to  be  2*21.  On  multiplying  this  number  by  28*88,  one  obtains  64,  which, 
in  fact,  represents  the  molecular  weight  of  sulphur  dio^xide. 

Consequently,  if  we  know  the  molecular  weight  of  a  substance  we  can 
easily  and  a  'priori  find  the  density  of  its  vapours  referred  to  air,  by  dividing 
the  molecular  weight  by  28*88. 


KINETIC  THEORY  OF  GASES 

As  soon  as  the  molecular  weights  were  first  studied,  it  was  observed  that 
some  substances  did  not  give  results  concordant  with  their  vapour  densities. 
For  example,  ammonium  carbonate,  ammonium  chloride,  and  phosphorus 
pentachloride  (PClg),  give  vapour  densities,  compared  with  hydrogen,  which 
lead  to  a  value  for  the  molecular  weight  which  is  one-half  of  that  deduced  from 
analyses  and  other  determinations.  For  many  years  these  substances  were 
considered  as  true  exceptions  to  Avogadro's  law,  since  being  compound  sub- 
stances it  appeared  absurd  to  imagine  them  as  monatomio  molecules  {see 
below). 

In  order  to  explain  these  important  exceptions,  it  became  necessary  to 
study  the  intimate  nature  of  gases  and  of  the  particles  which  composed 
them  still  more  attentively,  and  from  first  principles.  It  was  actually  the 
kinetic  theory  of    gases  which  indirectly  and  by  means  of    quite  different 
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considerations  gave  a  new  mathematical  explanation  of  the  laws  of  Boyle 
and  of  Gay-Lussac. 

It  was  the  work  of  Bemouilli  (1738)  the  physicist  of  Basle,  of  Herapath 
(1821),  of  Joule  (1851),  and  to  a  still  greater  degree  of  Kronig  in  1856,  and 
more  especially  of  Clausius  in  1857,  which  led  to  the  explanation  of  these 
exceptions  by  means  of  a  rational  mathematical  theory  on  the  nature  of 
the  pressure  exercised  by  gases. 

On  what  does  the  pressure  which  compressed  gases  exercise  on  the  containing 
vessel  depend,  and  to  what  is  it  due  ? 

Newton  believed  that  the  pressure  which  is  produced  or  exercised  by  compressed  gases 
on  the  walls  of  the  containing  vessel  was  due  to  the  action  of  repulsive  forces  which  the 
gaseous  particles  exercised  on  one  another.  Bemouilli  and  his  successors  demonstrated 
that  this  h3^pothesis  was  erroneous  and  untenable,  and  it  is  untenable  because  if  the  gaseous 
particles  were  endowed  with  this  repulsive  force,  then  in  expanding  freely  without  doing 
any  work  this  force  should  be  transformed  into  heat,  and  thus  on  expanding  a  gas  should 
become  hot.^  In  practice  the  exact  opposite  occurs,  that  is,  a  gas  which  expands  greatly 
is  strongly  cooled,  as  was  shown  by  Joule  and  Thomson. 

Bemouilli  and  his  successors  supposed,  on  the  other  hand,  that  the  particles  of  gases 
are  endowed  with  rectilinear  motion,  and  that  they  collide  with  one  another  and  more 
especially  with  the  walls  of  the  containing  vessel.  The  sum  of  these  impacts  with  the  walls 
of  the  containing  vessel  causes  the  pressure.  The  number  of  these  impacts  is  proportional 
to  the  velocity  of  the  particles  and  is  inversely  proportional  to  the  distance  between  the 
walls,  and  the  result  of  the  impacts  is  in  direct  proportion  to  the  mass. 

If  then  the  particles  contained  in  a  given  volume  collide  a  given  number  of  times  in 
unit  of  time  with  the  walls  of  the  containing  vessel  1,  and  if  we 
now  compress  the  gas  to  half  the  volume  (vessel  2),  the  velocity 
remaining  constant,  then  the  particles  will  collide  twice  the  number 
of  times  against  the  walls  in  unit  of  time  because  they  now  have  half 
the  distance  to  ^averse.  Thus,  they  will  exercise  twice  the  pres- 
sure. This  fully  confirms  Boyle's  law.  Actually,  if  in  a  cube  with 
the  aide  Z,  n  molecules  are  contained,  in  order  to  determine  the  i  2 

pressure  which  all  these  molecules  exercise  on  the  walls  per  unit  of 

time,  we  must  multiply  the  effect  produced  by  the  impact  of  one  molecule  by  the  number  of 
impacts  and  by  the  total  number  of  molecules.  The  molecules  of  mass  m  and  of  velocity  c 
will  collide  in  various  ways  and  at  different  inclinations  with  the  several  walls  of  the  cube, 
and  therefore,  by  one  of  the  laws  of  mechanics,  we  may  resolve  the  velocity  of  each  single 
molecule,  whatever  may  be  its  direction,  into  three  components,  it,  v,  z,  perpendicularly 
and  parallel  to  the  sides  of  the  cube,  and  we  may  then  imagine  that  of  all  the  n  molecules, 
one-third  move  with  a  uniform  velocity  in  one  of  these  three  senses,  and  two-thirds  in  the 
other  two  senses,  colliding  perpendicularly  with  the  walls  of  the  cube.  The  time  taken 
by  one  molecule  to  travel  from  one  wall  to  the  other  through  the  distance  I  and  to  return 

21 
to  its  point  of  departure  will  be  — ,  and  thus  the  number  of  impacts  in  one  second  which 

u 
result  will  be  gT.     The  effect  produced  on  the  walls  by  each  impact  is  represented  by  twice 

the  quantity  of  motion  mUf  because  the  molecule  first  collides  with  the  wall  and  then 

turns  back  (we  suppose  the  wall  to  be  perfectly  elastic  and  able  to  reverse  the  direction 

of  the  velocity) ;  thus  we  have  for  each  impact  2  mu  per  second,  and  the  effect  produced 

u  mu^ 

on  the  wall  by  one  molecule  will  be  -^  2mu  =  — j-.    Since  on  each  wall  we  have  one-third 

1      itiii^ 
of  the  impacts  of  the  molecules,  the  effect  of  this  third  will  bo  «-  n  ~j-.     In  order  to  find 

the  pressure  exercised  on  a  unit  surface,  we  must  divide  by  the  surface  of  the  wall  (P), 

1      mu^ 
and  we  then  have  p  =  ■«  n  -^,  and  taking  the  same  expression  for  the  other  molecules 

which  move  in  the  direction  of  the  other  components,  we  arrive  at  equal  values  for  the 
velocities  t^  and  z',  and  wo  must  substitute  the  sum  of  these  squares  of  the  components 

■  TransUOor's  note. — ^There  is  some  lack  of  clearness  here.    Actually  the  work  done  would  absorb  heat  from 
the  gM  itself  and  render  it  coder. 
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u^-hv^+z^hy  c^,  and  since,  on  the  other  hand,  P  is  simply  the  volume,  the  final  expression 

1      fnc^  1 

will  be  p  —  ^  n or  p.v  —  x  nmc'^.    This  conclusion,  which  was  deduced  by  Clausius 

and  Kronig,  represents  another  expression  of  Boyle^s  law.    In  many  cases  it  is  convenient 

to  use  another  expression  corresponding  to  the  kinetic  energy :  as  p,v  ^  —  n  -^,  and 

n  -r—  is  the  kinetic  energy,  we  may  say  that  the  pressure  produced  in  a  given  volume  of 

the  ffos  is  equal  to  two-thirds  of  the  kinetic  energy  of  its  molecules.    By  comparing  this  with 

2       mc^ 
the  general  gas  formula  p,v  —  RT  (p.  26)  we  have  RT  =-  ^  n  — ^ ,  and  the  kinetic  energy 

n  -^  =*  —  RT^  and  therefore  we  may  say  that  the  absolute  temperature  T  is  proportional 

to  the  kinetic  energy  (molecular  translation).  When  T«(?  (absolute  zero)  then  the  kinetic 
energy  of  the  molecules  will  become  zero,  that  is,  at  273°  below  zero  we  have  no  longer  any 
motion  or  any  heat. 

If  we  represent  equal  volumes  of  two  different  gases  under  the  same  condition  of  tem- 
perature and  pressure  by  the  general  gas  formula,  which  we  have  deduced  above,  and  which 

2      ffic^ 
comprises  the  laws  of  Boyle  and  of  Gay-Lussac,  we  have  in  the  one  case  pv  =  —  n  —  <^<1 

2    ,mV2 
in  the  other  case  p'v'  =  «  n  —^  where  n,  n',  w,  m'  are  the  numbers  and  mass  respectively 

of  the  molecules  of  the  two  gases  which  are  under  the  same  conditions  of  temperature, 

2        m'c'^       2       mc'^ 
pressure,  and  volume.      We   therefore  have  pv  «=  p'v'  and  -r  n'  — r—  =*  -^   n  —  or 

n'  =  n  —r- .     When  the  temperature  of  a  gas  decreases,  the  kinetic  energy  —r   alone 

changes,  but  not  the  number  of  the  molecules.     Since  these  two  gases  have  the  same  tem- 

pcrature  and  pressure  their  respective  kinetic  energies  will  be  equal,  that  is,  —5—  "="5" 

2  2  , 

and  eliminating  these  in  the  preceding  equation  we  obtain  the  result  n  «  n\    But  this 

is  nothing   else  than  a  demonstration  of  Avogadro's  law  according  to  which  equal 

volumes  of  two  gases  under  the  same  conditions  of  temperature  and  pressure  contain 

equal  numbers  of  molecules. 

We  have  seen  that  the  kinetic  energy  of  the  molecules  of  two  gases  under  the  same 

.     mc^       m'cf^ 
conditions  is  equal,  that  is,  -r-  =  -^— .     From  this  equation  we  can  deduce  this  other, 

»nca=m'c'2,  that  is  to  say,  c^ :  c'^'^^m' :  m,  or  the  squares  of  the  velocities  of  the  molecules 
of  a  gas  are  in  inverse  ratio  to  their  masses  (the  greater  the  mass  the  less  the  velocity), 
or  again  :  c  c*"^  ^m' :  s'm^  which  is  to  say  that  the  molecular  velocities  of  gases  are  in 
the  inverse  ratio  of  the  square  roots  of  the  masses  of  their  molecules  (or  molecular  weights). 
Since  on  increasing  the  temperature  the  number  n  of  the  molecules  is  constant  and  the 
mass  m  or  m'  is  also  constant,  then  in  order  to  increase  the  kinetic  energy  of  a  gas,  we  cannot 
do  otherwise  than  increase  the  value  of  c,  that  is,  increase  the  velocity  of  the  particles 
by  means  of  an  elevation  of  the  temperature.  On  heating  a  gas  the  velocity  of  its  particles 
ncreases,  and  if  the  volume  is  maintained  constant,  these  will  collide  a  larger  number  of 
times  with  the  walls  of  the  containing  vessel,  and  thus  the  pressure  will  be  increased,  which 
exactly  confirms  the  law  of  Gay-Lussac. 

We  have  seen  that  if  the  gas  particles  move  more  rapidly  they  weigh  less.  Now,  if 
we  imagine  two  closed  vessels,  one  containing  hydrogen  and  the  other  oxygen,  divided 
by  a  porous  partition  with  pores  sufficiently  large  to  allow  the  molecules  to  pass  through 


them 


bydrogen  oxygen 


since  the  hydrogen  molecule  is  the  lighter  it  moves  more 


rapidly  and  will  thus  collide  a  larger  number  of  times  than  the  oxygen  molecule  with  the 
porous  partition,  and  will  pass  through  the  pores  very  easily  ;  and  more  hydrogen  molecules 
wiU  pass  into  the  vessel  containing  oxygen  than  oxygen  molecules  into  the  vessel  of  hydrogen. 
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Now  OS  tho  volumii  of  the  vcbscI  containing  oxygen  renuuns  constant,  if  at  a  curtain 
moment  a  larger  number  of  molecules  ia  present  in  it,  the  pressure  should  bo  incre&aed 
on  account  of  the  more  rapid  diffusion  of  the  hydrogen.  This  phenomenon  actually 
occmn,  as  may  be  shown  with  the  following  apparatus. 

A  two-nocked  Woulf's  bottle  contains  water  into  which  a  tube  dips,  passing  through 
^  a  stopper  and  terminating  above  in  a  capillary  tube. 

Tho  other  neck  carries  through  tho  stopper  a  long  glass 
tube  which  does  not  dip  into  the  liquid,  and  the  top 
extremity  of  which  terminates  in  a  closed  porous  cell  of 
porcelain  (porous  oell  of  a  battery).  If  this  cylinder, 
which  is  full  of  air,  is  covered  with  a  bell-jar  into  which 
hydrogen  is  allowed  to  pass,  the  pressure  inside  the 
porous  ceU  immediately  increases  and  is  transmitted  to 
tho  liquid  by  means  of  the  glass  tube,  driving  the  water 
up  the  capillary  tube  and  producing  a  little  fountain,  as 
is  seen  in  Fig.  12.  There  are  also  small  piocos  of 
apparatus  which  sound  a  boll  (Anaeil's  apparatus)  which 
illustrate  tho  phenomena  of  diffusion  {aee  beloic.  Carbon 
Dioxide). 

Wo  have  also  deduced  from  tho  kinetic  theory  of  gases 
by  means  of  a  simple  mathematical  formula  that  tho 
velocity  of  the  molecules  is  inversely  proportional  to 
the  square  root  of  their  weight:  c:e'—  \'m';  Vm  : 
if,  for  example,  we  suppose  the  molecular  weight  of 
hydrogen  (H,)  to  be  2  and  that  of  oxygen  (O,)  to 
bo  32,  wo  find  that  the  velocity  of  the  hydrogen 
molecule  will  be  four  times  greater  than  that  of  the 
oxygen  molecule,  because  as  c  (H,) :  c'  (Oj)  =  v32  :  V2 
e(H,):e'(0,)  =  6-65:  1-414. 

Graham  also  showed  prac- 
tically tho  truth  of  this  deduc- 
tion, and  in  1S57  Bunscn  applied 
'  it  to  tho  determination  of  mole- 
}  cular  weights  of  various  gaseous 
j  substances,     using      minimum 
i  quantities  and  simply  measur- 
ing the  time  taken  by  two  equal 
FiQ.  12.  volumes  of  gas  under  the  same 

oonditions  of  temperature  and 
pressure  in  passing  through  a  very  small  perforation,  scarcely 
perceptible  to  tho  naked  eye,  in  a  platinum  plate. 

The  gas  under  experiment  ia  enclosed  in  a  tube  invert^jd  over 
mercury.  This  contains  above  a  platinum  plate  with  a  small  hole 
which  permits  tho  gas'  to  escape  under  tho  pressure  of  tho  external 
column  of  mercury.  By  means  of  a  glass  Boat,  one  is  able  to  read 
from  a  distance  tHe  exact  volume  of  gas  which  escapes  in  a  given 
time.  This  effusiometer  of  Bunscn  is  illustrated  in  Pig.  13,  By 
introducing  the  factor  of  time  into  the  general  formula,  together  j 
with  the  velocity,  and  taking  into  accoimt  that  the  liglitcr  the  gas  yio.  13. 

the  less  will  be  the  time  taken  in  escaping,  it  is  easy  to  deduce  the 

molecniar  weight.  The  velocity  of  tho  oxygen  molecule  has  been  calculated  to  bo  401 
metres  per  second,  that  of  hydrogen  1844  metres  per  second,  of  chlorine  393  metres  per 
second,  &a. 

Bearing  in  mind  these  new  ideas  on  the  behaviour  of  gases,  we  return 
to  the  determination  of  molecular  weights  by  means  of  vapour  densities  in 
Older  to  explain  those  important  exceptions,  such  as  ammonium  chloride,  &c., 
which  led  to  half  the  true  molecular  weight. 

In  1867  St.  Claire  Deville  first  made  important  experiments  on  certain 
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decompositions  which  occiirred  in  some  substances  at  high  temperatures, 
and  observed  that  the  d^ree  of  dissociation  is  always  the  same  for  a  given 
temperature  and  pressure.  He  applied  the  laws  of  thermodynamics  to  the 
study  of  these  chemical  equilibria,  thus  anticipating  by  thirty  years  the 
deductions  arrived  at  by  modem  chemistry.  In  this  same  year,  1SS7, 
Cannizzaro  and,  immediately  afterwards,  Kopp  and  Kekul6  (1858)  showed 
that  a  molecule  of  ammonium  chloride  (NH^Cl)  dissociates  at  high  tem- 
peratures into  two  new  molecules,  namely,  into  ammonia  (NH3)  and  hydro- 
chloric acid  (HCl),  and  the  reason  why  the  molecular  weight  became  halved 
was  thus  explained.  For  some  years  the  discussion  continued  as  to  whether 
this  theoretical  deduction  was  really  possible,  that  is,  whether  two  such 
substances  as  ammonia  and  hydrochloric  acid,  which  have  very  great  affinity 
for  one  another,  are  able  to  exist  together  at  high  temperatures  without 
combination. 

The  question  was  experimentally  solved  in  an  elegant  manner  by  Pebal  in  1862  and  by 
Than  in  1864,  by  demonstrating  the  dissociation  of  ammonium  chloride  by  means  of  the 
varying  velocities  of  the  molecules  of  hydrochloric  acid  and  of  ammonia  on  diffusion. 

Thus,  on  heating  a  portion  of  ammonium  chloride  in  a  long  open  inclined  tube,  which 
is  divided  towards  the  middle  by  a  plug  of  asbestos,  the  ammonia  particles  diffuse  more 
rapidly  and  are  able  to  turn  red  litmus  paper  blue  if  it  is  placed  at  the  further  extremity 
of  the  tube,  whilst  in  the  lower  portion  of  the  tube  blue  litmus  paper  is  turned  red  by  the 
action  of  the  heavier  molecules  of  hydrochloric  acid. 

After  this  demonstration  that  the  molecules  of  compounds  can  be  dissociated  at  high 
temperatures,  and  knowing  that  monatomic  molecules  of  simple  substances  exist  (metal, 
in  the  state  of  vapour,  argon,  &c.),  the  question  arose  whether  the  diatomic  molecules  of 
simple  substances  could  be  dissociated  into  free  atoms.  Victor  Meyer  and  others  have 
actuaUy  demonstrated  that  bromine  is  constituted  of  diatomic  molectdes  at  228°,  whilst 
at  1260°  its  dissociation  into  monatomic  molecules  is  almost  complete  ;  elementary  iodine 
is  formed  of  diatomic  molecides  at  253°,  whilst  at  1500°  it  is  almost  exclusively  formed  of 
monatomic  molecules. 

EXCEPTIONS  TO  BOYLE'S  LAW— NEW  EQUATIONS  OF 
VAN  DER  WAALS— SIZE  OF  THE  MOLECULES 

Having  thus  explained  in  a  plausible  manner  the  apparent  exceptions  to  Avogadro's 
law,  we  will  now  study  the  deviations  from  Boyle's  law  which  occur  when  gases  are  highly 
compressed. 

In  1852  Natterer  exposed  oxygen  and  air  to  pressures  up  to  3600  atmospheres,  and 
found  that  the  compressibility  at  increased  pressures  is  somewhat  less  than  that  required 
by  Boyle's  law,  as  Begnault  had  also  observed  in  1850  in  the  case  of  hydrogen  even  under 
normal  conditions. 

By  means  of  the  kinetic  theory  of  gases  we  arc  able  to  easily  explain  this  apparent 
abnormality.  In  calculating  the  compression  of  gases  by  the  mathematical  formulae, 
we  do  not  consider  the  space  occupied  by  the  molecules  themselves,  consisting  of  their 
sphere  of  action  or  of  vibration,  into  which  another  molecule  is  unable  to  penetrate.  The 
distance  traversed  by  each  molecule  of  gas  in  order  to  collide  with  the  walls  of  the  vessel 
in  which  it  is  enclosed  must  be  diminished  by  the  radius  of  the  molecule  and  its  sphere  of 
action.  When  considering  ordinary  pressures,  these  radii  are  negligible  compared  with 
the  distance  between  the  molecules,  and  Boyle's  law  remains  uninfluenced.  But  when 
gases  are  strongly  compressed  and  thus  occupy  relatively  small  volumes,  the  volumes  of 
the  molecules  exert  an  influence  and  produce  the  small  deflections  from  Boyle's  law  observed 
in  compressed  gases. 

It  has  actually  been  proved  that  with  pressures  from  30  to  125  atmospheres,  the  gases 
are  generally  compressed  a  little  more  than  is  required  by  Boyle's  law,  and  that  above 
these  pressures  they  are  compressed  a  little  less  than  the  ordinary  theory  requires. 
Hydrogen,  on  the  other  hand,  approaches  more  nearly  than  the  other  gases  to  the  behaviour 
of  an  ideal  gas.     The  first  phase  of  greater  compressibility  is  explained  by  the  fact  that  as 
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the  molecules  approach  one  another  they  also  attract  one  another  a  little,  and  thns  the 
preflsure  which  we  read  on  the  manometer  is  less  than  that  which  it  would  have  been  if 

a 

this  attraction  did  not  exist,  and  the  true  pressure  would,  therefore,  be  p  +  — ::,  where 


v^ 


a  represents  a  constant  which  measures  the  reciprocal  attraction  of  the  molecules,  which 
attraction  is  directly  proportional  to  the  square  root  of  the  density  of  the  gas,  and,  therefore, 
inversely  proportional  to  the  square  root  of  the  volume.  In  strongly  compressed  gases 
on  the  other  hand,  for  example,  at  above  200  atmospheres,  it  is  necessary  to  take  account, 
as  we  have  said  above,  of  the  volume  occupied  by  the  mass  of  the  molecules  themselves, 
and  thus  the  true  free  volume  is  a  little  less  than  that  which  is  measured  (that  is,  v  -  h). 
The  general  formula  for  the  gaseous  state,   p.i;=  RTj  must  therefore  be  corrected, 


i)  {'  - ') 


RT. 


according  to  Van  der  Waals,  in  the  following  manner  :  I  p  + 

Van  der  Waals  and  Clausius,  taking  the  above  data  into  account,  calculated  the  value 
of  the  nukgnitude  h  of  this  formula  from  the  specific  volumes,^  absolute  pressures,  &c.  The 
diameter  of  a  molecule  of  hydrogen  resulting  from  these  calculations  was  1*6  x  10  -  ^  cm., 
and  thus  the  number  of  hydrogen  molecules  contained  in  1  c.c.  would  amount  to  5  x  lO'', 
which  is  to  say  that  in  a  spherule  of  j^  mm.  diameter  there  would  be  contained  fifty 
million  molecules  of  hydrogen. 


SYMBOLS   AND   CHEMICAL    FORMULiE 

In  order  to  represent  the  elements  present  as  such  or  in  chemical  reactions, 
it  was  found  useful  to  abbreviate  graphic  expressions  by  employing  symbols. 

The  ancients,  and  still  more  the  alchemists,  had  already  adopted  special 
and  extravagant  signs  to  represent  certain  substances.^ 

But  Dalton,  who  had  clarified  the  conception  of  elementary  substances  and 
had  given  a  concrete  idea  of  the  elements  by  means  of  his  atomic  hypothesis, 
imagining  them  to  be  formed  of  simple  atoms,  was  the  first  to  propose  the 
use  of  symbols  to  represent  the  atoms  of  the  various  elementary  substances. 
The  so-called  non-metals,  a  special  group  of  elements  with  non-metallic 
aspect,  such  as  hydrogen,  oxygen,  chlorine,  iodine,  &c.,  were  represented  by 
conventional    signs,    for   example,  oxygen  =  0>  hydrogen  ©>    nitrogen  ®, 

'  The  specific  volnxne  is  the  volnme  occopled  by  a  gramme  of  any  snbetance  in  the  gaseous  state  measured  at 
0**  and  760  mm.  pressure.  If,  for  example,  one  litre  of  air  weiglis  1*294  grms.,  a  gramme  of  air  will  have  the  specific 
volume  of  773  c.c.  The  volume  occupied  by  1  grm.  of  hydrogen  is  11,162  c.c,  that  is,  14*44  times  more  than  that 
of  air.  The  specific  volume  of  oxygen  is  699  c.c. 
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wAer  ^0,  ammonia  O©.  For  metals,  on  the  other  band,  he  proposed  to 
employ  as  a  symbol  the  first  letter  of  the  corresponding  Latin  name,  for  example, 
mercury  with  Hg,  from  the  Latin  Hydrargirium;  iron,  Fe  (ferrum),  &c. 

Berzehus,  who  studied  numerous  substances  and  discovered  new  elements 
confirming  all  the  conclusions  of  Dalton's  hjrpothesis,  proposed  a  little  later 
(1813)  to  also  represent  the  non-metals  by  the  first  letters  of  the  Latin  names. 
It  is  this  nomenclature  which  has  survived  until  to-day,  and  is  accepted 
everjru'here.  Dalton  wrote  the  stoichiometric  value  (combining  weight  or 
equivalent)  at  the  .side  of  the  symbol,  taking  hydrogen  as  unity.    Later  on 

Table  of  Atomic  Weights  (1910)^ 


Atomic 

weight 

Atomic  weight       | 

Namo  of  the 
Element 

Symbol 

Name  of  the 
Element 

Symbol 

Al 

0=16 

n=i 

0=16 

H=l 

Aluminium 

271 

26-9 

Neodymium 

Nd 

144-3 

143-16 

Antimony 

Sb 

120-2 

119-3 

Neon 

Ne 

20 

19-9 

Argon 

Ar 

39-9 

39-6 

Nickel 

Ni 

68-68 

68-3 

Arsenio 

As 

74.96 

74-36 

Nitrogen    . 

N 

14-01 

13-89 

Barium 

Ba 

13737 

136-27 

Osmium     . 

Os 

190-9 

189-37 

Bismuth    . 

Bi 

208-0 

206-34 

Oxygen      . 

0 

16 

15-88 

Boron 

B 

11 

10-9 

PaUadium . 

Pd 

106-7 

106-86 

Bromine    . 

Br 

79-92 

79-28 

Phosphorus 

P 

31 

30-77 

Cadmium  . 

Cd 

112-4 

111-6 

Platinum   . 

Pt 

196 

193-46 

Caesium 

Cs 

132-81 

131-76 

Potassium . 

K 

3910 

38-79 

Calcium     . 

Ca 

40-09 

39-77 

Praseodymium   . 

Pr 

140-6 

139-4 

Carbon 

C 

12 

11-91 

Radium     . 

Ra 

226-4 

224-6 

Cerium 

Ce 

140-26 

139-2 

Rhodium  •  '      • 

Rh 

102-9 

10208 

Chlorine     . 

a 

35-46 

3617 

Rubidium 

Rb 

86-46 

84-77 

Chromium . 

Cr 

52 

61-58 

Ruthenium 

Ru 

101-7 

100-9 

Cobalt 

Co 

68-97 

68-50 

Samarium . 

Sa 

160-4 

149-2 

Columbium 

Nb 

93-6 

92-75 

Scandium 

Sc 

441 

43-8 

Copper 

Cu 

6357 

63-06 

Selenium   . 

Se 

79-2 

78-6 

Erbium 

Er 

167-4 

166-07 

Silicon 

Si 

28-3 

28-07 

Fluorine    . 

F 

19 

18-9 

Silver 

Ag 

107-88 

107-02 

Gadolinium 

Gd 

167-3 

156-05 

Sodium 

Na 

23 

22-81 

Gallium 

Ga 

69-9 

69-34 

Strontium . 

Sr 

87-6 

86-94 

Germamum 

Ge 

72-5 

71-9 

Sulphur 

S 

3207 

31-81 

Glucinum  . 

Be 

9-1 

9-03 

Tantalum  . 

Ta 

181 

179-56 

Gold 

Au 

197-2 

195-7 

TcUuriuiii  . 

Te 

127-6 

126-48 

Helium 

He 

4 

3-96 

Terbium    . 

Tb 

159-2 

157-93 

Hydrogen 

H 

1-008 

1 

Thallium   . 

Tl 

204 

202-38 

Indium 

In 

114-8 

113-88 

Thorium    . 

Th 

232-42 

230-67 

Iodine 

I 

126-92 

126-9 

Thidium    . 

Tu 

168-6 

16616 

Iridium 

Ir 

193-1 

191-5 

Tin  . 

Sn 

119 

118-1 

Iron 

Fe 

55-86 

55-5 

Titanium  . 

Ti 

48-1 

47-7 

Krypton    . 

Kr 

83 

82-34 

Tungsten  . 

W 

184 

182-6 

Lanthanum 

Ta 

139 

137-9 

Uranium    . 

U 

238-6 

.  236-7 

Lead 

Pb 

207-1 

205-45 

Vanadium . 

V 

61-2 

60-8 

Lithium     . 

Li 

7 

6-94 

Xenon 

Xe 

130-7 

129*66 

Magnesium 

Mg 

24-32 

24-15 

Ytterbium 

Yb 

172 

170-63 

Manganese 

Mn 

54-93 

54-49 

Yttrium     . 

Y 

89 

88-3 

Mercury     . 

Hg 

200 

198-6 

Zinc 

Zn 

66-37 

64-86 

Molybdenum 

Mo 

96 

95-3 

Zirconium , 

Zr 

90-6 

89-9 

*  Trandaiofi  noU. — ^This  diffen  slightly  from  the  Intenuttiooal  Table. 
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Berzelius  proposed  to  take  oxygen  as  unity,  but  all  the  chemists  V€|^  soln 
returned  to  hydrogen,  and  this  remained  until  a  few  years  ago.  To-day 
the  atomic  weights  of  the  elements  are  referred  to  oxygen,  which  is  taken 
as  equal  to  16,  because  it  is  easier  to  prepare  very  pure  oxygen  than  very 
pure  hydrogen,  and  also  because  the  atomic  weights  of  the  other  elements  are 
thus  obtained  more  exactly.  On  the  previous  page  we  give  a  table  of  the 
symbols  of  all  the  elements  with  atomic  weights  referred  to  hydrogen  =  1 
and  to  oxygen  =  16. 

CHEMICAL  FORMUL£.  By  means  of  symbols  we  are  also  able  to 
indicate  very  simply  and  clearly  the  molecules  of  various  substances  and  of 
the  element43  themselves,  by  also  indicating  the  number  of  atoms  contained 
in  the  molecules.  Thus,  for  example,  the  molecule  of  hydrogen,  which  is 
formed  of  two  atoms,  is  represented  by  the  symbol  Hg,  the  molecule  of  oxygen 
by  Oj,  that  of  chlorine  by  CU,  &c. ;  that  is,  the  symbol  is  written  down  and 
a  number  which  indicates  how  many  atoms  enter  into  the  molecule  is  written 
to  the  right  of  it,  below,  as  proposed  by  Poggendorf,  or  above,  as  proposed 
by  Berzelius,  and  still  used  by  a  few  people  to-day. 

The  molecular  formula  of  hydrochloric  acid  is  HCl,  that  of  water,  which 
contains  two  atoms  of  hydrogen  and  one  of  oxygen,  is  H^O,  whilst  that  of 
ammonia  is  NHg.  These  formulse  also  show  that  one  volume  of  hydrogen 
gas  combines  with  one  volume  of  chlorine  to  give  hydrochloric  acid,  and  that 
two  volumes  of  hydrogen  gas  are  combined  with  one  volume  of  oxygen  gas  to 
give  water,  as  was  demonstrated  by  Gay-Lussac,  &g. 

If  the  symbols  constitute  the  chemical  alphabet,  the  formulsB  must  be 
considered  as  the  words  of  the  chemical  language.  It  is  a  language  formed 
by  equations  which  express  the  various  reactions  which  occur  between  various 
molecules,  thus  forming  a  kind  of  chemical  algebra. 

The  molecular  formulsB  also  show  the  molecular  weight  of  each  chemical 
element  or  compound ;  thus  the  molecule  of  hydrogen,  Hg,  shows  that  the 
molecular  weight  is  2  (H  =  1) ;  the  molecule  of  oxygen  shows  that  the  mole- 
cular weight  is  32,  that  is  twice  the  atomic  weight  of  oxygen  (16  x  2) ;  the 
molecule  of  hydrochloric  acid  also  shows  the  molecular  weight,  which  is  36*6, 
that  is,  the  weight  of  an  atom  of  hydrogen  1  +  the  weight  of  an  atom  of 
chlorine,  35' 5,  showing  also  that  in  36*5  kilos  of  pure  hydrochloric  acid  gas, 
53' 5  kilos  of  chlorine  and  1  kilo  of  hydrogen  are  contained.  In  18  kilos  of 
water,  2  kUos  of  hydrogen  and  16  kilos  of  oxygen  are  contained,  the 
molecular  weight  of  water  being  18. 

The  formula  of  any  substance  shows  its  molecular  weight,  and  thence 
the  percentage  composition  can  be  deducted  in  a  simple  manner,  that  is,  we 
can  find  the  quantity  of  each  element  which  is  contained  in  100  parts  by 
weight  of  the  substance  by  means  of  simple  arithmetical  operations.  For 
water,  for  example,  we  have  : 

H,  «    2        18  (H,0)  :    2  (H,)  =  100  :  a;        x^    1M2  %  of  H 
O    «  16        18  (H,0)  :  16  (0  )  «  100  :  x'       a;'=    88-88  %  of  O 

molecular  weight  18  per  100  parts  of  water 

Wo  thus  find  that  on  electrolytically  decomposing  100  kg.  of  water  (as  is  industrially 
done  to-day  on  a  large  scale)  we  obtain  88*88  kg.  of  oxygen  and  11-12  kg.  of  hydrogen. 
In  the  case  of  sulphuric  acid,  which  has  the  formula  H^04,  we  have  : 

X    =    2-04  %  of  hydrogen 
x'   =  32-65  %  of  sulphur 
x"  =  65-31  %  of  oxygen 

moleoalar*weight*'98  per  100  of  total  sulphuric  add 


(: 


H,  -  2 

r98  :  2  (Hj)  =  100  :  a; 

S  -  32 

98  :  32  (S)  -  100  :  x' 

O4-  64 

I98  :  64  (O4)  =.  100  :  x' 
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We  are  thus  able  to  deduce  that  in  a  sulphuric  acid  factory,  if  there  is  no  loss,  100  kilos 
of  sulphuric  acid  should  be  obtained  per  32*65  kilos  of  sulphur  employed,  and  every  manu- 
facturing process  will  be  the  more  perfect  and  regular  the  nearer  the  practical  yields 
approximate  to  those  demanded  by  theory. 

From  the  percentage  composition  of  a  substance  which  is  determined 
by  means  of  ordinary  chemical  analysis,^  together  with  the  determination 
o*  its  vapour  density  or  of  some  other  method  for  determining  its  molecular 
weight,  its  formula  can  be  deduced. 

If,  for  example,  we  wish  to  determine  the  formula  of  water,  we  commence  by  making 
a  quantitative  analysis  {see  later,  chapter  on  Water),  which  allows  us  to  deduce  the 
percentage'  composition :  H  =  11*12  per  cent.,  O  =  88-8  per  cent.  If  we  now  determine 
the  density  of  water  vapour  compared  with  that  of  air,  we  find  that  it  is  0*626,  and  multi- 
plying this  by  28-88,  we  have  the  molecular  weight  compared  with  hydrogen,  which  is 
28-88  X  0*626  =  18.  In  order  to  now  discover  in  what  proportion  by  weight  oxygen  and 
hydrogen  enter  into  18  parts  of  water  (molecular  weight),  it  will  be  necessary  to  establish 
some  simple  proportion,  taking  into  account  the  percentage  composition : 

100  :  1112  (H)  =  18  :  a?  x  ^    2 

100  :  88*88  (O)  =  18  :  a;'  x'  =  16 

The  quantities  by  weight  of  the  individual  elements  contained  in  the  molecule  corre8ix>nd 
to  the  atomic  weights  of  these  elements  or  the  mtdtiples  of  these,  in  cases  where  several 
atoms  are  present.  Thus  by  dividing  these  values,  z  and  x\  by  the  atomic  weights,  we  will 
obtain  the  number  of  atoms  of  these  elements  contained  in  a  molecule  of  water. 

2  :     1  (atomic  weight  of  H)  ==  2  ==  H, 
16  :  16  (atomic  weight  of  O)  =  1  =  O 

The  chemical  formula  of  water  is,  therefore,  'Hfi*  The  formulae  of  numerous  other 
inorganic  and  organic  substances  are  found  in  the  same  way. 

This  is  the  simplest  method  of  calculating  the  formulaB  of  substances, 
but  it  cannot  be  employed  when  the  molecular  weight  is  not  known,  and 
this  is  then  arrived  at  by  indirect  methods  which  are  often  employed  in 
organic  chemistry,  for  example,  by  the  formation  of  various  salts  or  other 
derivatives. 

DUALISTIC  FORMULA.  Lavoisier  believed  that  when  a  base  and  an  acid  combine 
to  form  a  salt  they  retain  their  primitive  constitution  in  the  new  molecule.  From  this  idea 
Lavoisier  derived  his  system  of  dualistic  formulae,  which  represented  molecules  of  salts. 
Thus,  he  wrote  the  formula  of  calcium  carbonate  as  CaO.COj,  because  he  supposed  the 
components  calcium,  CaO  (base)  and  carbon  dioxide,  OOg  (acid),  to  exist  side  by  side 
within  the  molecule.  Sulphuric  acid  was  represented  by  the  dualistic  formula  SO3.H2O, 
because  it  was  supposed  to  contain  the  separate  components  SO3  (sulphur  trioxide) 
and  H,0  (water). 

In  1819  Berzelius  in  his  studies  on  the  intimate  nature  of  chemical  combinations, 
based  on  the  conceptions  of  Lavoisier  and  the  work  of  Davy,  enunciated  an  electrolytical 
theory  of  dualistic  formulae,  according  to  which  all  compound  substances  were  composed 
of  two  parts  with  different  electric  charges,  negative  and  positive,  namely,  the  acid  residue 
— negative — (oxy -acids  were  alone  well  known  at  that  time,  but  not  the  halogen  acids)  and 
the  basic  residue — positive — ^namely,  the  metallic  oxides,  for  example  : 

BaO  .  SO3  ZnO  .  COg,  &c. 

Barium  sulphate  Zinc  carbonate 

*  By  analysis  in  general  i«  understood  the  operation  of  splitting  a  given  substance  into  any  or  all  of  its  com- 
ponents in  order  to  determine  itn  composition  ;  whilst  by  synthesis  is  understood  that  chemical  process  by  means 
of  which  a  complex  substance  is  obtained,  starting  from  other  simple  substances.  Thus  analysis  is  the  demo- 
lition whilst  synthesis  is  the  reconstruction  of  one  or  more  chemical  structures.  Synthesis  is  often  used  in  order  to 
test  the  exactitude  of  analysis,  and  vice  vsna. 
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By  electrolytic  decomposition  of  these  salts,  the  components  of  the  molecule  were  supposed 
to  separate,  and  confirmation  of  this  idea  was  sought  in  the  appearance  of  the  two  sub- 
stances at  the  two  poles  of  a  cell  (voltameter).  The  classic  experiment  of  this  epoch  was 
the  electrolytic  decomposition  of  a  solution  of  sodium  sulphate  (SOj.NagO). 

At  the  positive  pole,  where  the  acid  residue  should  have  been  formed,  litmus  solution 
did  actually  become  red,  and  at  the  negative  pole,  where  the  basic  residue  should  have 
been  obtained,  the  litmus  was  coloured  blue.  But  DanieU  already  perceived  that  the 
results  which  are  apparently  obtained  by  electrolysis  really  occur  in  another  manner, 
and  that  it  is  not  sodium  oxide  which  separates  at  the  negative  pole  as  had  always  been 
supposed,  but  metallic  sodium,  which  by  combining  with  the  water  of  the  solution  at  the 
instant  of  its  formation,  forms  the  base  which  colours  the  litmus  blue  ;  but  if  we  take 
mercury  as  the  negative  pole,  this  at  once  fixes  a  pcurt  of  the  metallic  sodium  which  is 
liberated  as  it  is  formed,  giving  sodium  amalgam,  and  he  thus  showed  that  in  the  electro- 
lytic decomposition  of  sodium  sulphate,  metallic  sodium  and  not  sodium  oxide  is  obtained 
at  the  negative  pole.  It  was  in  this  very  manner  that  Davy  discovered  and  isolated  sodium 
and  potassium. 

It  was  observed,  on  the  other  hand,  that  a  gas  was  developed  at  the  positive  pole, 
which  was  identified  as  oxygen.  Thus  on  electrolysing  copper  sulphate,  copper  oxide 
(CuO)  should  be  obtained  at  the  negative  pole,  and  the  stdphuric  add  residue  (SO3)  at  the 
positive  pole,  according  to  the  dualistio  theory  ;  but  actually,  on  the  other  hand,  metallic 
copper  was  obtained  at  the  negative  pole  and  oxygen  was  developed  at  the  positive  pole, 
apart  from  the  formation  of  sulphuric  acid. 

Liebig,  who  at  first  opposed  the  unitary  formula  of  Davy,  finished  by  abandoning 
the  dualistic  theory  of  Berzelius,  which  had  also  been  shaken  to  its  foundations  by  the 
important  work  of  Dumas,  Laurent,  and  Gerhardt. 

Salts  are  to-day  considered  to  be  composed  of  a  metallic  (positive)  residue  and  of 
an  add  (negative)  residue  ;  this  latter  may  be  an  oxidised  or  non-oxidised  halogen  (the 
latter  in  the  case  of  the  halogen  salts,  such  as  sodium  chloride,  &o.).  According  to  this 
conoepticm,  then,  the  fact  that  metallic  copper  separates  at  the  negative  pole  and  oxygen 
at  the  positive  pole  in  the  case  of  copper  sulphate  (OUSO4)  is  explained,  because  the  acid 
residue  of  copper  sulphate  being  SO4,  this  is  unstable  and  at  once  decomposes,  giving 
oxygen  and  sulphur  trioxide  (SO3),  which  yields  sulphuric  acid  with  water.  The  error 
committed  by  Berzelius  was  that  he  did  not  take  into  account  the  oxygen  which  is  developed, 
but  only  the  add  reaction. 

The  theory  of  Berzelius  was  completely  abandoned  many  years  ago,  because  the  residues 
of  the  halogen  adds  which  are  not  oxygenated  and  of  the  polybasic  acids,  were  studied 
and  these  could  not  be  explained  by  means  of  the  dualistic  theory. 


VALENCY 

By  studying  the  various  compounds  represented  by  chemical  formulse 
more  closely  and  intimately,  we  are  able  to  indicate  the  manner  in  which 
the  atoms  are  united  with  one  another  in  the  molecule,  and  to  explain  why, 
in  the  case  of  chemical  reactions,  certain  atoms  are  constantly  found  united 
^ith  one  or  more  atoms  of  other  elements.  Given  that  there  is  an  attraction 
or  affinity  between  atoms  of  various  kinds,  it  is  interesting  to  know  in  what 
manner  they  saturate  one  another  reciprocally. 

Glauber  already  in  the  Middle  Ages,  Wenzel  and  Richter  later,  determined 
the  proportions  of  saturation  of  a  certain  quantity  of  an  acid  by  various 
quantities  of  different  bases,  or  vice  versa. 

In  1811,  Berzelius  clarified  this  conception  by  finding  a  simple  and  constant 
relation  between  the  oxygen  of  a  base  and  that  of  an  acid  which  constituted 
a  salt.  It  was  found  that  a  molecule  of  potassium  nitrate  contained  a  quantity 
of  nitric  acid  corresponding  to  one  molecule  of  this  acid,  whilst  a  molecule 
of  ferric  nitrate  contained  a  quantity  of  nitric  acid  corresponding  to  three 
molecules  of  the  acid,  that  is  to  say,  that  potassium  oxide — which  is  the  base 
combined  to  the  nitric  acid  in  potassium  nitrate  KNO^ — ^represents  a  mono- 


46  INORGANIC    CHEMISTRY 

acid  base,  whilst  oxide  of  iron  in  ferric  nitrate  Fe(N03)s,  is  a  tri-acid  base. 
Numerous  bases  are  known  which  have  a  different  valency  or  power  of 
saturation  for  this  acid. 

In  1835  Qraham  demonstrated  the  poly  basicity  of  phosphoric  acid,  and 
in  1845-1850  Kolbe,  by  means  of  his  classic  studies  on  the  radicals  of  organic 
compounds,  prepared  the  ground  for  Frankland  and  his  fertile  and  brilliant 
conception  of  the  theory  of  valency  (1853),  which  was  extended  to  inorganic 
compounds  and  to  all  the  elements.  Wurtz  showed  later  by  a  notable  series 
of  experimental  researches,  that  a  reciprocal  power  of  saturation  also  exists 
between  elementary  substances,  and  this  threw  light  on  the  relation  between 
the  theory  of  variable  valency  and  Dalton's  law  of  multiple  proportions. 

The  constant  valency  of  the  elements  generally  found  confirmation  in 
organic  compounds,  whilst  various  examples  of  variable  valency  were  found 
in  inorganic  compounds,  and  thus  the  conception  of  valency  grew  and  acquired 
a  wider  horizon. 

We  may  easily  grasp  the  simple  conception  of  valency  if  we  arrange  a  certain  number  of 
substances  according  to  their  chemical  composition  in  a  small  table,  according  to  a  definite 
plan : 

Ha  Hga,         pa,  ca4  Nba^ 

HBr  oa,  Asa,  Sia^  Taa^ 

HI  Baa,  Sba,  Sna4 

HF  Zna,  Bia,  CH^ 

Ka  Cua,         Ba,  sih^ 

Naa  SH,  NH, 

AgCl  OH,  AsH, 

In  the  first  vertical  column  four  halogen  acids  are  collected,  the  molecules  of  which  are 
all  formed  of  one  atom  of  hydrogen,  combined  or  saturated  with  one  atom  of  a,  or  Br, 
I,  F,  so  that  one  may  say  of  these  elements  that  they  are  monovalent  with  respect  to 
hydrogen.  We  next  find  in  the  same  column  three  salts,  the  molecules  of  which  contain 
one  atom  of  a,  which  is  monovalent,  that  is,  has  the  power  of  saturating  one  atom  of  H, 
now  combined  with  one  atom  of  K,  Na,  or  Ag.  Thus  wo  may  also  consider  K,  Na,  and  Ag 
as  monovalent  elements,  because  one  atom  of  these  saturates  a  single  atom  of  chlorine, 
which  in  turn  saturates  a  single  atom  of  hydrogen.  In  the  second  column  we  find  elements 
the  atoms  of  which  are  saturated  with  two  atoms  of  monovalent  chlorine  ;  thus  these 
elements,  Hg,  O,  Ba,  Zn,  8  are  divalent,  that  is,  have  a  power  of  saturation  corresponding 
to  two  atoms  of  chlorine  or  to  two  atoms  of  hydrogen. 

In  the  third  column  we  have  trivalent,  in  the  fourth  column  tetravalent,  and  in  the 
fifth  column  pentavalent  elements. 

The  elements,  which  have  the  same  capacity  for  saturation,  are  able  to  substitute 
one  another  reciprocally  in  their  various  combinations,  giving  products  of  analogous 
composition.  Thus  we  can  practically  carry  out  the  following  series  of  reactions  and 
successive  substitutions:  . 

(a)  2N0,H    +Ag,    «  H,      +  2  NO,Ag 

(b)  2  NO,Ag  +  Hg     «  Ag,     +  (NO,),Hg 

(c)  (NO,),Hg  +  Cu  =Hg  +(N03),Cu 
{d)  (NO,),Cu  +  Zn  «  Cu  +  (NO,),Zn 
(c)  (NO,)iMg  +  Na,0  «  MgO  +  2  NO,Na 

As  we  see  here,  two  atoms  of  monovalent  silver  replace  two  atoms  of  H  (a),  and  are  in 
turn  replaced  by  one  atom  of  divalent  mercury  (&),  and  this  by  one  atom  of  divalent 
copper  (c) ;  the  copper  is  replaced  by  one  atom  of  divalent  zinc  {d),  and  one  atom  of  divalent 
magnesium  replaces  two  atoms  of  monovalent  sodium  (e),  thus  this  atom  has  the  power 
of  saturation  by  two  atoms  of  H  and  can  also  replace  two  atoms  which  have  the  capacity 
for  saturating  one  atom  of  H,  for  example,  Hg  corresponds  to  Ag,. 

Now  the  elements  which  have  the  same  capacity  for  saturation  by  H  have 
also  the  same  capacity  of  combination,  that  is,  in  a     iven  chemical  compound 
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they  may  substitute  or  replace  one  another  reciprocally,  always  giving  rise 
to  saiurcUed  molecules  which  no  longer  have  any  disposable  afBnity  which  may 
enable  them  to  combine  with  further  quantities  of  that  element  which  they 
contain.  We  may  thus  define  the  capacity  of  combination  also  as  the  capacity 
for  saturation  or  valency  of  the  elements,  and  this  is  actually  expressed  and 
indicated  by  small  indices  or  by  Roman  numerals  which  are  placed  above  the 
symbol  of  the  element  on  the  right. 

The  monovalent  elements  then  are  those  which  have  the  capacity  for 
being  saturated  by  a  single  atom  of  H,  as  Cr,  I',  Br',  F',  &c. 

The  divalent  elements  are  capable  of  saturation  by  two  atoms  of  H,  or 
a  monovalent  element,  for  example,  Cu'',  Ba'',  Zn'',  S",  O",  &c. 

The  trivalent  elements  saturate  three  atoms  of  H  or  three  monovalent 
atoms  or  one  monovalent  and  one  divalent  atom,  for  example,  N"',  Sb'", 
As'''. 

The  tetravalent  elements  saturate  4  H,  or  four  monovalent  atoms,  or 
two  divalent  atoms,  &c.,  for  example,  C?^,  Si^^. 

And  the  same  thing  applies  to  the  pentavalent  elements,  columbium  and 
tantalum,  NV,  Ta\ 

Care  must  be  taken  to  remember  that  valency  is  a  property  entirely 
distinct  and  different  from  chemical  affinity.  Thus  hydrogen  and  fluorine, 
which  are  only  monovalent,  have  an  extraordinary  reciprocal  chemical 
affinity,  whilst  nitrogen,  which  is  trivalent,  has  very  Uttle  affinity  for  hydrogen 
and  for  the  other  elements. 

The  valency  of  an  element  is  measured  by  the  number  of  atoms  of  hydro- 
gen or  of  monovalent  elements  with  which  it  can  be  saturated;  whilst,  on 
the  other  hand,  affinity  is  measured  by  the  quantity  of  energy  which  the  sub- 
stance develops  during  combination.  There  is  no  connection  between  valency 
and  affinity,  just  as  there  is  no  connection  between  the  height  or  the  weight  of 
a  person  and  his  muscular  or  intellectual  power.  We  will  later  explain  more 
rationaUy  the  conceptions  of  affinity  and  valency  (see  Valency  of  the  Ions 
and  Affinity). 

We  have  now  studied  and  discussed  the  significance  of  the  equivalents, 
that  is,  of  the  stoichiometric  or  combining  weights  of  the  elements,  referred 
to  unit  weight  of  hydrogen,  values  deduced  from  percentage  analyses. 

We  know,  in  fact,  that  on  analyi^ing  water  we  find  the  percentage  com- 
position of  88*88  per  cent,  of  oxygen  and  11*12  per  cent,  of  hydrogen ;  that 
is  to  say,  that  1  of  H  corresponds  to  8  of  oxygen.  This  figure  8  is  the  stoichio- 
metric value  or  equivalent  of  oxygen,  that  is,  the  quantity  which  combines  with 
lof  H. 

In  the  same  manner  on  analysing  ammonia,  we  find  82  per  cent.  N  and 
18  per  cent.  H ;  the  stoichiometric  value  or  equivalent  of  nitrogen  is  thus 
equal  to  4*67,  which  is  the  quantity  which  corresponds  to  1  of  H. 

If  we  now  compare  these  equivalents  of  oxygen  and  of  nitrogen  with 
their  relative  atomic  weights,  we  have  : 

O       N 
Equivalent      ....       8        4-67 
Atomio  weight         .         .         .     16      14 

and  we  at  once  see  that  a  simple  relationship  exists  between  the  equivalents 
and  the  atomic  weights.  For  oxygen  the  atomic  weight  is  twice  the  equi- 
valent. For  nitrogen  it  is  three  times  the  equivalent ;  but  we  have  already 
found  that  oxygen  is  divalent  and  nitrogen  trivalent.  Thus  the  valency  is 
a  function  of  the  combining  weights  or  stoichiometric  values.  Thejse  latter 
are  thus  fractions  of  atoms  corresponding  in  each  case  to  one  valency  or  to 
one  atom  of  hydrogen.  Thus  the  valency,  or  capacity  for  saturation,  of  the 
elements  is  easily  found  or  determined  when  the  atomic  weight,  which  can  be 


48  INORGANIC    CHEMISTRY 

determmed  in  various  ways,  is  known,  and  when  the  stoichiometric  value, 
which  may  easily  be  found'  by  analysing  a  given  compound,  is  also  known. 
On  then  dividing  the  atomic  weight  by  the  equivalent,  the  valency  is  obtained. 

Formulee  in  which  the  maimer  in  which  the  atoms  are  combined  and  distribnted  in 
each  molecule  are  shown,  and  in  which  the  valencies  are  represented  by  small  lines,  are  called 
conditiUional  formtUce,  while  those  in  which  merely  the  complete  number  of  the  atoms  of 
each  element  composing  the  molecule  is  shown,  are  called  empirical  formulce. 

Thus  the  empirical  formula  of  ammonia  is  NH,,  and  nitrogen  being  trivalent,  its 
constitutional  formula  will  be  : 

/h 

/  /« 

N H  or  more  simply  N — H 

\h 

But  the  valency  of  a  given  element  is  not  a  constant  property,  but  varies  with  the  sub- 
stance upon  which  it  is  exerted.  For  example,  chlorine  is  always  monovalent  with  regard 
to  hydrogen,  whilst  with  regard  to  oxygen  it  may  be  divalent,  trivalent,  tetra-,  penta-, 

.CI       ^Cl 
and  heptavalent :  HCl ;  0<^      ;  0{      ;  similarly  sulphur  is  divalent  with  respect  to 

xji     ^a 

^  ^o     ^o 

hydrogen,  but  tetra valent  and  also  hexavalent  with  respect  to  oxygen  S/^      ;    S=0 

The  valency  of  metals  with  respect  to  oxygen  sometimes  varies  with  variation  of  the 
temperature,  and  if  this  is  high,  we  have  the  minimum  valency,  and  if  low,  the  maximum 
valency,  that  is,  the  compound  of  maximum  oxidation.  If  the  temperature  is  very  high 
the  affinity  of  oxygen  may  be  altogether  overcome  by  the  so-called  tension  of  the  oxygen 
and  the  free  metal  is  then  formed  as  can  be  seen  in  the  following  table  : 

CuO  at  1110°  yields  CujO,  and  at  1800°  yields  Cu. 

TljOs  at  875°  yields  TljO,  and  at  1865°  yields  Tl. 

PbOj  at  390°  yields  Pbs04,  at  615°  yields  PbO,  and  at  2240°  yields  Pb. 

SbjOj  at  450°  yields  SbOj,  at  1060°  yields  SbjOj,  and  at  2490°  yields  Sb. 

MnO,  at  570°  yields  Mn,Oj,  at  1090°  yields  MugO^,  at  2500°  yields  MnO,  and 

at  4050°  yields  Mn. 
FcjO,  at  1970°  yields  Fe804,  and  at  3025°  yields  Fe. 
CojOj  at  895°  yields  CoO,  and  at  2860°  yields  Co. 
PdOj  at  180°  yields  PdO,  and  at  875°  yields  Pd. 

Until  a  few  years  ago,  the  older  generation  of  chemists,  and  there  are  some  even  now, 
did  not  accept  the  conception  of  variable  valency  of  the  elements  and  in  the  case  of 
abnormal  compounds  supposed  that  there  were  free  valencies  as  in  carbon  monoxide 
C=0 :  or  a  reciprocal  saturation  between  elements  of  the  same  nature  linking  them 
together  with  one  another,  as  in  chlorine  oxide  :   CI — O — O — O — CI,  or  sulphur  trioxide 

o 

But  to-day  a  numerous  series  of  organic  and  inorganic  compounds  show  that  when  an 
element  appears  to  be  saturated  with  respect  to  its  ordinary  valencies,  it  will  always  possess 
affinities  for  other  atoms  or  molecules  of  other  substances,  so  that  one  is  forced  to  admit 
another  form  of  valency  which  is  regularly  exercised  under  certain  conditions. 

There  are  also  various  thermochemicaJ  data  which  are  not  in  accordance  with  the 
conception  of  constant  valency,  ^jid  also  various  other  facts,  such  as  the  behaviour  of  the 
ions,  which  we  will  study  later. 
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Now  that  we  are  acquainted  with  valency  and  its  signification,  we  are 
also  able  to  explain  generally  why  the  elements  themselves  are  not  composed 
of  atoms  in  the  free  st^te,  but  why  these  are  always  regrouped  into  molecules. 
In  these  latter  the  valencies  or  affinities  of  the  atoms  remain  saturated  and 
the  molecules  may  be  represented  thus  :  (H  -  H),  (S  =  S),  (N  =N),  (01  -  CI) ; 
phosphorus  is  trivalent,  but  we  know  from  its  vapour  density  that  its 
molecules  are  composed  of  four  atoms,  and  may  be  represented  thus : 

F—P. 

II     II). 

MONATOMIC  MOLECULES.  We  already  know  how  the  molecular  weight  of  a 
substance  is  found  from  its  vapour  density,  and  we  have  also  seen  that  the  greater  number 
of  simple  substanoes  are  formed  of  diatomic  molecules. 

But  on  determining  the  vapour  density  of  certain  simple  substances,  such  as  mercury, 
zinc,  and  certain  of  the  new  gaseous  elements,  such  as  argon,  &c.,  it  is  found  that  the 
molecules  of  these  substances  are  not  formed  of  two  atoms,  but  of  a  single  atom 
only  ;  these  subst^uices  are  therefore  composed  of  free  atoms,  that  is,  of  monatomtc 
molecules. 

Obviously  these  substances  cannot  be  proved  to  be  monatomic  by  direct 
deduction  from  the  vapour  density  because  this  simply  determines  the 
relative  weight  of  the  free  particles  of  a  gas  or  vapour,  compared  with  that 
of  the  free  diatomic  particles  of  hydrogen,  without  indicating  whether  the 
former  are  composed  of  1,  2,  3,  or  more  atoms.  If  mercury,  with  a  vapour 
density  of  200,  consisted  of  diatomic  molecules,  its  atomic  weight  would  be 
-%-,  that  is,  100  ;  but  by  studying  other  gaseous  mercury  derivatives  we  are 
always  able  to  deduce  an  atomic  weight  of  200  for  mercury,  that  is,  one  which 
is  equal  to  the  molecular  weight  as  indicated  by  the  vapour  density;  we 
must  therefore  admit  that  mercury  particles  in  the  state  of  vapour  are  mon- 
atomic and  that  the  value  200,  derived  from  the  vapour  density  compared 
with  hydrogen,  directly  indicates  the  atomic  weight  of  mercury.  The  same 
remarks  apply  to  zinc  and  all  the  other  metals. 

The  presence  of  monatomic  molecules  cannot  be  confirmed  (by  ordinary  means)  in 
the  case  of  simple  substances  which  do  not  enter  into  chemical  combinations  ;  in  such 
cases  other  indirect  methods  are  employed.  Thus  the  size  of  the  molecules  of  certain 
recently  discovered  elementary  gases,  argon,  helium,  xenon,  neon,  and  krypton,  has  been 
determined  by  means  of  their  specific  heats  at  constant  pressure  and  at  constant  volume. 
It  was  not  found  possible  to  obtain  any  compounds  of  these  substances,  and  it  was  therefore 
not  known  with  certainty  whether  their  density  compared  with  that  of  hydrogen  indicated 
the  size  of  monatomic  or  of  diatomic  molecules,  and,  therefore,  whether  the  atomic  weight 
was  equal  to,  or  one-half  of,  that  indicated  by  the  density  of  the  gas.  Lord  Bayleigh 
has  recently  been  able  to  show  that  these  gases  are  composed  of  monatomic  molecules 
by  means  of  investigations  of  their  specific  heats  (as  we  will  explain  below)  and  thus 
demonstrated  that  the  molecular  weights  of  these  gases  are  identical' with  their  atomic 
weight.     (There  is  an  error  in  the  original. — Translator. ) 


THERMAL  CAPACITY  AND  SPECIFIC  HEAT  OF  GASES 

PRINCIPLES  OF  THERMODYNAMICS 

If  a  gas  is  heated  its  temperature  is  raised.  The  ratio  between  the  heat  which  is  added 
and  the  rise  of  temperature  (expressed  in  degrees  Centigrade)  is  called  the  thermal  capacity 
of  the  gas,  and  varies  with  the  nature  of  the  gas,  with  the  temperature,  and  with  the 
pressure,  whereas  in  the  case  of  liquids  and  solids,  pressure  has  no  influence  on  this  property, 
A  calorie  is  the  cjuwtity  of  beat  retjuired  to  raise  I  gri»r  gf  w^ter  ixorn  0°  tp  T. 
I  4 
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The  ezpreesioii  thermal  capacity  arose  in  the  epoch  during  which  it  was  still  believed 
that  heat  was  composed  of  some  kind  of  material  substance  (Newton). 

The  term  specific  heat  (c)  indicates  the  thermal  capacity  of  unit  weight 
of  a  gas,  that  is,  the  amount  of  heat  necessary  to  raise  the  temperature  of 
1  grm.  of  the  substance  by  one  degree ;  on  the  other  hand,  the  thermal 
capacity  of  a  gramme-molecule  of  the  gas  is  called  the  moUcvlar  heat  {€).  At 
high  temperatures,  such  as  1000°  or  2000°,  or  over,  the  specific  heat  of  gases 
is  rather  higher. 

The  specific  heat  of  a  gas  may  be  determined  at  coTiaUmt  pressure  (c^),  or  at  cofistant 
volume  (c^) ;  the  former  value  is  always  larger  than  the  latter,  and  for  molecular  heats 
the  difference  is  about  two  calories  :  C-  -  0^  =  2  cal.  {see  Table,  below).  These  two 
calories  represent  the  heat  which  is  absoroed  by  the  gas  to  supply  the  work  done  during 
dilatation,  and  we  are  thus  able  to  calculate,  from  the  difference  between  these  specific 
heats,  the  amount  of  heat  which  is  evolved  when  a  gas  decrea^ses  in  volume,  and  also  when 
it  passes  from  the  gaseous  into  the  liquid  or  solid  state  {see  p.  27). 

We  may  deduce  these  results  from  the  following  considerations,  which  lead  to  the  first 
law  of  thermodynamics,  by  means  of  which  the  equivalence  between  heat  and  mechanical 
work  {see  also  p.  52)  is  established.  The  heat  required  to  raise  by  one  degree  of  tempera- 
ture 1  grm.  of  air  (that  is,  773  c.c.)  at  constant  pressure,  is  given  by  the  specific  heat  c^, 
which  is  0-2375  oals.  ;  the  heat  required  to  raise  its  temperature  by  the  same  amount  at 
constant  volume  is  given  by  the  specific  heat  Cp,  which  is  0*1683  cals.  The  difference, 
^P  "^v*^  0*0692  cals.,  indicates  that  portion  of  the  heat  which  is  converted  into  work,  and 
this  is  expressed  by  the  product  of  the  pressure  p,  and  the  increase  of  volume  dv,  that 
is,  by  p.dv.    Since  the  volume  of  any  gas,  according  to  the  law  of  Gay-Lussac,  increases 

1  773 

y  ^^  for  each  degree  rise  of  temperature,  dv  will  in  this  case  be  -rz^  »  2-83  cc, 

and  the  pressure  exerted  by  the  atmosphere  on  each  sq.  cm.  of  surface  being  1033-3  grms. 

we  have:    p^dv^lOSS-S  x  2*83  ^  2924-24  grm. -cms.,  which  represents  the  mechanical 

equivalent  of  the  quantity  of  heat,  Cp  —  c^  that  is,  0-0692  cals. 

We  are  now  able  to  deduce  the  mechanical  equivalent  of  heat  by  comparing  the  heat 

2924-24 
absorbed  with  the  resulting  work,  and  thus  find :    ^^^^^  «  42,260  gramme-centimetres 

(or  ergs,  i.e.  absolute  units  of  energy ),i  which  represent  the  work  equivalent  to  a  small 

calorie  (00692  cal.  :  2924-24  =  I  :  x;   z  ==  42,260)  ;^   and  for  a  large  calorie  (that  is, 

for  1000  small  calories)  we  have  422-6  kilogramme-metres,  which  is  the  value  of  the 

mechanical  equivalent  of  heat  {see  Note). 

On  introducing  this  equivalent  {A)  in  order  to  calculate  the  work  produced  we  have  : 

A  {Cp  —  Cp)  =  p.dv  =  p(t'2  —  Vj)  =  pVy  where  v^  and  v^  are  the  volumes   of  the   gas 

before  and  after  heating,  and  v  the  difference  between  them.     From  the  general  gas  equation, 

taking  a  temperature  difference  of  1  degree,  so  that  {T^  —  T^^  l)f  we  obtain  A  {Cp  —  C^) 

^  R{T  being  equal  to  1),  and  it  is  then  possible  to  also  deduce  in  this  manner  the  value 

of  the  gas  constant,  Ry  which  must  always  be  referred  to  a  gramme-molecule  of  the  gaseous 

substance.     We  already  know  that  the  value  of  R  is  84,780  {see  p.  26),  and  if  we  wish 

to  express  this  in  thermal  units  by  giving  to  Cp  and  C^  the  values  of  the  molecular  heats 

R  84780 

we  have :    C«  -  C„  =»  -r-,  that  is,   .^^^^^  =  about  2   calories,  if  A  denotes  the  thermal 
'^  A  4JzoU 

equivalent  of  a  small  calorie  expressed  in  gramme-centimetres.     The  difference  hetvoeen  the 

specific  heats  at  constant  pressure  and  at  constant  volume  is  thus  equal  to  about  two  calorics 

for  each  gramme-molecule. 

It  has  also  been  found  that  the  relation  between  specific  heats  at  constant  pressure  and 

*  Trandator'i  Note. — An  error  has  here  crept  into  the  original  text.  The  erg,  which  is  the  absolate  unit  of 
energy  on  the  C.O.S.  system,  is  the  worlc  accomplished  by  a  movement  through  1  cm.  against  a  resisting  force  of 
1  dyne  (»ee  p.  26). 

*  The  absolutely  correct  value  for  this  is  42720  (gee  p.  27) ;  it  is  the  quantity  of  energy  expressed  in  absolute  (?) 
(tee  Translator's  Mote  above)  units,  each  of  which  suffices  to  raise  1  grm.  of  matter  against  gravity  through  a  dis- 
tance of  1  cm.  The  equivalent  of  the  largo  calorie  (1000  small  calories)  is  42,720,000  grm.-cms.,  or  427*2  kilo> 
gramme-metres  (each  of  which  suffices  to  raise  1000  grms.  through  a  height  of  100  cms.  against  the  action  of 
gravity) ;  this  is  the  mechanical  equivalent  of  the  large  caloric,  which  is  simply  called  the  mechanical  equivalent 
of  best.    The  difference  Cp  -  Cv  in  correct  values  la  1*985  cal. 


at  constant  volume 
molecule. 
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/  ^P  \ 

TT    diminishes  with  the  increase  in  the  number  of  atoms  in  the 


QttMoufl  substance 

epeclflc  beat  ^ 

Molecular  heat 

molecule  of 

hydrogen  =  2 

Differ- 
ence 
Cp-Cv 

Ratio 
Cp 
Cv 

Number 

of 
atoms 
in  the 

molecule 

at  constant  pressure 
Cp 

at  cou' 

stant 

volume 

Cv 

at  con- 
stant 

prosnure 
^Cp 

at  con- 

8tai)t 

volume 

Oxygen 

0,  =  0-2175 

01661 

6-96 

4-96 

2 

1-40 

2 

Nitrogen    . 

Nj  =  0-2438 

01727 

6-83 

4-83 

2 

1-41 

2 

Hydrogen  . 
Carbon  dioxide  . 

Hj  =  3-4090 
COj  =  0-2169 

2-411 
0172 

6-82 
9-55 

4-82 
7-55 

2 
2 

1-41 
1-33 

2 
3 

Ammonia  . 

NH3  =  0-5284 

0^391 

8-64 

6-64 

2 

1-37 

4 

Methane.  . 

CH4  =  0-5929 

0-468 

9-49 

7-49 

2 

1-27 

5 

Ethyl  ether 

C4H10O  =  0-4797 

0-453 

35-50     33-50 

2 

106 

15 

As  has  ahready  been  stated,  mercury  in  the  state  of  vapour  contains   monatomio 

Cp 
molecules,  and  the  relation  between  its  molecular  heat  ^T  =  1*666.      Now  by  means  of 

the  kinetic  theory  of  gases,  one  is  able  to  demonstrate  mathematically  that  for  free  atoms 

Cp 
or  monatomio  molecules,  the  relation  j^  must  be  1-666  (see  p.  52).    The  fact  that  mercury 

Cp 
vapour  consists  of  monatomic  molecules  is  thus  confirmed.     The  ratio  ^T  varies  between 

1  for  very  large  molecules,  that  is,  such  as  contain  many  atdms,  and  1-4  for  diatomic 
molecules,  whilst  for  monatomic  molecules  it  approaches  1-667. 

The  determination  of  the  ratio  between  the  specific  heat  of  gases  at  constant  pressure 
and  at  constant  volume  has  led,  as  has  already  been  stated,  to  the  demonstration  that  the 
molecules  of  the  gases,  argon,  helium,  crypton,  xenon,  and  neon  are  formed  even  at  ordinary 
temperatures  of  monatomio  molecules,  and  since  these  gases  are  very  indifferent  and  give 
no  combinations  with  other  elements,  it  was  impossible  to  control  it  from  the  density  of 
these  gases.  The  density  of  these  gases  represents  nothing  but  a  relative  value,  that  is, 
a  maximum  limit,  and  shows  that  the  free  particles  of  these  gases  have  a  given  weight 

*  For  various  practical  purposes  the  specific  heats  of  gases  and  vapours  at  constant  pressure  (water  »  1)  are 
often  required: 


Substance 

Temperature  of 

1 
Specific 

Substance 

Temperature  of 

Specific 

experiment 

heat 

experiment 
10''-214'» 

heat 

Air          ... 

from -100*  to +200° 

0-2374 

Carbon  dioxide 

0-2169 

„    at  40  atm. 

at  -120" 

0-4700 

Nitric  oxide      . 

13°-170* 

0-2317 

n     t»  '"    f»             • 

at  -120'* 

0-7770 

f           27*-  67^ 
{            27--150* 
I           27*-280^ 

1-625 

Oxygen 

from  10«  to  200** 

0-2175 

Nitrogen  peroxide     . 

1-115 

„       liquid         ^ 

-200"  to  -183* 

0-3470 

0-650 

Hydrogen 

-30»to  +200' 

3-410 

Ammonia 

20*-200* 

0-52 

„         at  30  atm. 

— 

3-7882 

Sulphur  dioxide 

16*-200* 

01544 

Nitrogen 

0*-200* 

0-2438 

Hydrogen  sulphide   . 

20"-200* 

0-2451 

liquid 

— 

0-43O 

Carbon  disulphido     . 

86*-190* 

01696 

Afgon 

20»-  90" 

01233 

Water  vapour  . 

100" 

0-421 

Chlorine 

10*-202* 

01241 

i»           »»       •         • 

180* 

0-510 

Bromine 

20'-3«8<' 

00554 

Methane 

IS'-ZOS' 

0-5930 

Iodine 

206''-377'* 

00336 

Etliyl  alcohol   . 

108°-220' 

0-4534 

Hydroebloric  acid    . 

10'-200» 

0190 

Methyl      „      . 

101'-223'' 

0-4580 

Hydrobromic    „ 

lO^-lOO" 

0-0820 

Ethyl  ether 

27°-190' 

0-4618 

Hydriodio 

20"-100" 

0-0550 

Benzene,  C^Hc, 

116°-218^ 

0-3764 

Oarbon  monoxide 

20«-200' 

0-2425 

Acetone 

129'-233'' 

0-4125 

M       dioxide 

16'-100« 

0-2025 

Chloroform 

28''-189'» 

01489 
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relatively  to  those  of  hydrogen  ;  but  this  does  not  decide  whether  this  weight  represents 

Cp 
diatomic  molecules  or  free  atoms.  Only  by  means  of  the  ratio  of  the  specific  heats  -^  »  1  '667 

was  Lord  Rayleigh  able  to  demonstrate  that  monatomic  molecules  were  present. 

By  the  kinetic  theory  of  gases  we  are  also  able  to  explain  the  relation  which  exists 
between  the  specific  heats  of  a  gas  and  the  number  of  atoms  contained  in  its  molecule. 

We  know  {see  p.  7)  that  on  heating  a  gas  its  internal  energy  is  increased  by  an  amount 

dU  resulting  from  an  increase  of  its  molecular  kinetic  energy,  dU^y  or  internal  kinetic 

energy,  or  energy  of  motion  due  to  the  rise  of  temperature,  and  to  the  increase  of  the 

internal  poteniial  energy  (or  energy  of  position,  see  p.  5).    In  order  to  determine  this 

latter,  that  is,  the  quantity  of  energy  necessary  to  alter  the  positions  of  the  atoms  in  the 

molecule  of  the  gas,  we  require  to  know  the  difference,  dU  —  dU^.      But  in  the  case  of 

the  monatomic  molecules  this  difference  becomes  equal  to  zero,  because  no  part  of  the 

energy,  dU,  is  consumed  by  increasing  the  distance  between  the  atoms  of  the  molecule, 

and  it  is  all  employed  on  the  contrary  in  increasing  the  molecular  kinetic  energy,  that  is, 

dU^ 
the  increase  of  temperature,  and  therefore  we  have,  dU  =^  dU^  or  -rfr  =  1. 

If  we  wish  to  express  the  total  increase  of  energy  (2(7  as  a  fimction  of  the  temperature 
for  a  mass  of  gas,  M,  and  for  an  increase  of  temperature,  dT,  then  for  the  specific  heat  at 
constant  volume,  Cf,,  we  will  have  the  following  equation : 

dU  =  M.C^.dT. 

Then  the  equation  of  Clausius  and  Krbnig,  deduced  from  the  kinetic  theory  of  gases 

3  Mc^ 

(p.  37)  for  the  mass,  M(=  n.m)  becomes  ^  MRT  =  -r— .     The  increase  in  the  molecular 

Mc^ 
kinetic  energy  -5-,  which  we  have  expressed  by  dU^^,  thus  corresponds  to  the  increase 

3 
of  temperature,  dT,  and  we  arrive  at  the  equation  dUff^  =  -^  MRdT.     But  we  are  able 

to  replace  the  gas  constant  R  by  the  corresponding  expression  in  thermal  tmits  resulting 

3 

from  the  difference  Cp  -  G^  (see  above),  and  we  thus  have  idU^  =^  -^  M  (G^  -  C^)  dT. 

Dividing  this  increase  of  the  molecular  kinetic  energy  by  the  total  increase  of  internal 

energy,  dt7  =  MG^  dT,  we  obtain  :  —jjj  =  —     ^  ^ ,  and  in  the  case  of  monatomic 

3       G  —G  G        5 

molecules  —  .      ^^    "  =  1,  that  is,  -^  =  —  =  1-667. 

We  have  thus  shown  that  for  monatomic  substances,  the  ratio  between  the  specific 

heats  -^  must  be  equal  to  or  approximate  to  1*667,  and  will  always  depart  from  this  value 

towards  unity  as  the  molecules  become  more  complicated  by  increasing  the  number  of 
their  atoms.  It  is  precisely  by  this  method  that  Rayleigh  has  shown  that  the  new  gases 
of  the  atmosphere,  argon,  helium,  &c.,  are  composed  of  monatomic  molecules. 

SECOND  LAW  OF  THERMODYNAMICS.  This  was  theoretically  deduced  by 
Camot  (1824).  By  this  means  the  amount  of  work  was  established  which  can  be  obtained 
from  a  given  quantity  of  heat.  We  may  explain  this  principle  graphically  by  sup- 
posing that  a  given  quantity  of  gas  enclosed  in  an  ideal  cylinder  provided  with  a  piston 
and  which  can  receive  or  emit  heat  only  through  its  base,  is  subjected  to  a  dosed  cyde 
of  transformations.  If  this  gas,  the  conditions  of  temperature  and  pressure  of  which,  and 
therefore  also  its  absolute  temperature,  T^,  are  determined  by  the  point  A  respectively 
to  the  two  orthogonal  axes  of  pressure,  OP,  and  of  volume,  OV  (Fig.  16),  is  placed  over 
an  inexhaustible  source  of  heat,  it  tends  to  dilate  up  to  the  point  B,  and  as  the  heat-supply 
prevents  any  cooling  (in  consequence  of  the  dilatation)  it  is  maintained  at  a  constant 
temperature,  so  that  we  have  an  isothermal  transformation,  and  the  absorbed  heat  may  be 
denoted  by  Qi.  The  work  done  during  expansion  is  represented  by  the  surface  ab B  A. 
If  the  gas  were  to  expand  without  being  in  contact  with  the  heat-supply,  it  would  be  cooled 
down  to  Tj,  because  the  expansion  occurs  at  the  expense  of  the  internal  kinetic  energy. 
T^s  pooling  is  e<}uM  to  tbo  mechanical  work  done  during  expansion,  and  in  this  c^se  we 
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have  an  adiabatic  transformation,  because  there  is  no  exchange  of  heat  with  the  external 
medium. 

Now  on  compressing  the  gas  adiabatioally,  that  is,  without  addition,  or  abstraction  of 
heat,  down  to  the  volume  c,  we  increase  not  only 
the  pressure  but  also  the  temperature  up  to  T,. 
On  then  compressing  the  gas  in  an  isothermal 
manner,  that  is,  on  placing  the  gas  over  an  ideal 
refrigerator  which  abstracts  heat  developed  during 
compression,  from  the  volume  c  to  the  volume  d, 
the  quantity  of  heat  abstracted  will  be  Q^  On 
finally  allowing  the  gas  to  expand  adiabatically 
up  to  the  original  volume  c»,  it  will  then  acquire 
the  original  pressure  and  temperature  T^  at  the 
point  of  departure  A.  On  recommencing  the 
experiment  one  can  repeat  the  same  closed  cycle 
of  transformations  which  always  reconduct  the 
gas  to  the  original  conditions  of  volume,  tempera- 
ture, and  pressure,  ultimately  passing  through 
two  adiabatic  and  two  isothermal  transformations. 

The  surface  A  B  C  D  enclosed  in  the  cycle  represents  the  total  useful  work  produced 
by  the  entire  quantity  of  heat,  Q^  —  Qf,  By  a  calculation  which  we  will  not  reproduce' 
an  important  final  equation  is  deduced : 

which  says  that  the  ratio  between  the  quantities  of  heat,  abstracted  from  and  supplied  to 
the  gas  is  equal  to  the  ratio  between  the  absolute  temperatures  of  the  refrigerator  and 
of  the  source  of  heat. 

The  ratio  between  the  quantities  of  heat  transformed  into  work  and  the  quantity 
furnished  to  the  gas,  which  is  given  by  Garnot's  cycle,  may  be  deduced  by  writing  the  last 
equation  thus : 


Fia.  15. 


1       *•       1        ^« 


Qi  -  Q2      T^-T^ 


Qi 


T, 


Thus  the  yield  depends  upon  the  temperature  interval,  T^  -  T^^  and  it  is  evident  that 

it  is  impossible  to  transform  all  the  heat  into  work,  becuase  in  that  case  it  would  be  necessary 

T 
in  the  original  equation  to  make  the  fraction  —  »-  0,  that  is  to  make  2^|,  which  is  the 

temperature  of  the  refrigerator  employed,  equal  to  absolute  zero,  which  is  not  possible 
in  practice  ^  for  reasons  which  we  have  often  explained  (pp.  7  and  25). 


OPTICAL  PROPERTIES  OF  GASES 

SPECTROSCOPY.  If  the  rays  of  the  sun  are  allowed  to  enter  a  dark  chamber  through 
a  hole,  these  may  be  directly  collected  on  to  a  sheet  of  cardboard  perpendicular  to  the 
rays,  a  large  spot  of  light  being  thus  obtained.  If  these  luminous  rays  are  first  passed 
through  a  prism,  then  a  streak  of  light  of  many  colours  is  obtained  on  the  cardboard 
ranging  from  violet  to  red,  passing  gradually  through  blue,  green,  yellow,  and  orange. 
The  white  light  has  been  cUspersed,  and  since  the  various  waves  composing  white 
light  are  unequally  refracted  by  the  prism,  the  violet  rays  of  smaller  wave-length 
being  most  refracted  and  the  red  rays  of  greater  wave-length  least  refracted,  there 
will  be  found  on  the  screen  separate  from  one  another,  the  colours  corresponding  to 
various  waves  and  forming  together  a  continuous  coloured  spectrumu  If  the  white 
light  before  entering  the  prism  is  passed  through  a  red  glass,  this  absorbs  all  the  other 

^  If  in  the  equation  showing  the  efficiency  of  Camot'a  cycle  we  take  an  infinitely  small  temperature  dT  and 
exprcM  the  work  in  thermal  units,  using  the  product  of  the  infinitely  small  pressure  d'p  and  the  infinitely  small 

dv  -  dv      dT  ^.    dT      Tdv 

iacrement  ol  volume  oi>,  then  wo  obtain  it  in  the  following  form :  -^-ji —  =-  -«?  and  consequently  -j-  =■  -^» 

This  is  Clapeyron's  equation,  which  thus  expresses  quantitatively  the  m^nU  equilibHum,  and  may  also  be  applied 
to  changes  ol  state  (tusion,  <fcc.),  and  generally  to  all  cases  where  there  is  a  supply  or  evolution  of  heat,  differences 
of  temperature,  of  pressure,  and  of  work. 
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eolouied  rays  and  allows  the  red  rays  only  to  pass.  If  these  aie  then  refrctcted  by  a  second 
prism,  they  simply  produce  a  red  spot  on  the  cardboard  in  the  precise  position  where  the 
red  coloration  was  found  in  the  preceding  complete  Bp«H:truin.  If  green  rays  pass  into 
the  prisDi  a  green  spot  and  no  other  colour  is  obtained  in  the  pioper  position  where  the 
green  coloration  was  in  the  complete  epcctrum  of  the  white  light,  and  so  on. 

This  shows  that  the  ethereal  waves  of  various  lengths  corrosponding  to  various  oolonrs 
are  refracted  through  different  angles.'and  that,  in  fact,  tlie  minimum  refraction  is  given  by 
the  red  light  and  the  maximum  by  the  violet  light.  Bearing  in  mind  this  fundamental 
idea  of  the  refraction  of  light,  we  may  study  how  gaaea  behave 
when  rendered  incandescent  and  luminous  by  strong  heating, 
usingforthispurpose  theEpcctroaeopc  whichisillustratedonp.  56 
(Fig.  18). 

The  light  emitted  by  incandescent  gaaes  is  different 
from  that  produced  by  liquid  and  solid  substances  or 
by  the  same  gas  when  licjuefied  or  solidified.  The  latter 
emit  luminous  rays  of  all  ^cave -lengths  and  thus  give  a 
continuous  spectrum.  The  light  emitted  by  incandescent 
gases  is  fonned  of  a  few  rays  of  definite  wave-length, 
which,  after  passing  through  the  prism  of  the  spectroscope, 
give  a  direct  spectrum  w  ith  a  few  luminous  coloured  lines, 
characteristic  for  each  gas  or  substance.  They  give, 
that  is,  emission  spectra.  These  lines  appear  in  the 
spectroscope  when  a  minimal  trace  of  the  substance  to 
be  studied  is  placed  in  a  Bunsen  flame.  The  incandes- 
cent and  lummous  gases  which  are  immediately  formed 
produce  the  emission  spectra. 

We  are  thus  able  to  discover  and  distinguish  various 
substances  even  when  mixed  together  without  the  neces- 
sity for  previous  separation. 

Spectroscopic  studies  were  first  rationally  con- 
ducted by  Foucault,  Talbot,  Wheatstone,  *e.;  but 
systematic  spectral  analysis  was  initiated  by  Kirch- 
hoff  and  Bunsen  in  1859,  by  studying  and  identifjdng 
the  spectra  characteristic  of  various  substances  heated 
to  high  temperatures.  In  1865  Piflckcr  and  Hittorf 
found  for  the  first  time  that  the  same  gas  is  able  to 
give  different  spectra  according  to  the  temperature.  At 
relatively  low  temperatures,  the  gases  actually  give 
continuous  spectra  ;  on  raising  the  temperature  charac- 
teristic emission  spectra  are  obt^ained  for  each  gas;  on' 
raising  the  temperature  still  further,  spectra  are  obtained 
I  with  many  coloured  lines  collected  into  groups,  which 

Fia.  16.  are  no  longer  characteristic.    Helmholtz,  Moser,  Ciami- 

cian,  and  Wiedemann  found  that  chemical  compounds 
give  a  spectrum  with  coloured  lines  in  groups  which  have  nothing  in  common 
with  the  spectra  of  their  elementary  components. 

Nevertheless  Bunsen  and  Kirchhoff  observed  that  various  chemical  com- 
pounds of  the  same  alkalies  or  alkaline  earth  metals  {e.g.  chloride,  carbonate, 
and  oxide  of  barium,  Ac.)  all  gave  the  same  spectrum  cdrrespondmg  to  that  of 
the  metal  (barium),  and  were  not  able  to  explain  this  behaviour,  which  was 
not  in  harmony  w  ith  the  observations  of  Helmholtz,  which  were  that  chemical 
compounds  did  not  give  emission  spectra  w  ith  isolated  characteristic  lines. 

In  1864  Mitscherlich  showed  that  this  fact  observed  by  Bunsen  was  due 
to  the  decomposition  which  takes  place  in  the  flame  of  the  various  compounds 
of  the  same  metal.  Thus  the  various  sal  sof  barium  decompose  or  dissociate, 
and  all  give  the  spectrum  of  barium  oxide  or  of  barium  itself. 
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An  explanatioQ  or  theory  of  Bpcotroscopio  phenomenon  was  first  given  in  1863  by 
Lecocq  Boiiibaudran,^  but  his  hypothesis  was  erroneous  ;  wluut  in  1878  Maxwell  published 
a  more  rational  hypothesis  in  harmony  with  the  kinetic  theory  of  gasos.  The  atoms 
which  oollide  in  the  iaterior  of  the  molecule  produce  vibrations  of  the  cosmio  ether,  bat 
the  molecules  also  collide  with  one  another  at  considerably  longer  intervals,  influencing 
the  osdllationB  produced  by  the  atoms.  In  this  latter  case,  however,  in  addition  to  the 
striationa  or  lines  of  the  spectrum  due  to  the  vibrations  of  the  colliding  atoms,  we  have 
also  luminous  groups  of  lines  or  continuoos  portions  of  the  spectrum  due  to  the  collision 
of  the  molecules.  Farther,  if  the  gas  is  rarefied  in  a  suitable  tube  (Plilcker-Geiasler  tube) 
such  as  is  indicated  in  Fig.  IS,  so  that  the  clectrio  discharge  is  formed  in  a  capillary  tube, 
where  a  few  molecules  are  present,  then  the  molecular  impacts  are  much  fewer  and  the 
spectrum  of  the  atoms  formed  of  striations  or  isolated  luminous  linos  is  better  seen.  In  ■ 
Fig.  17  is  shown  the  artangement  of  a  Pliicker  tube  on  a 
suitable  support  for  passing  the  electric  discharge, 

Kayeer  attempted  to  show  that  the  number  of  lines  of 
cmisaion  spectra  of  the  elements  were  functions  of  their 
atomic  weights,  bnt  there  are  many  gaps  in  his  conclusions. 
Certain  r^^arities  were  only  found  in  harmony  with  the 
first  groups  of  the  periodic  ayatem  of  the  elements,  and  in 
each  group  it  was  actually  found  that  with  the  increase  of  the 
atomic  weights  of  the  elements,  the  spectroscopic  lines  were 
displaced  from  the  violet  towards  the  rod.  From  one  group 
to  another,  on  the  other  hand,  the  displacement  took  place 
in  a  marked  manner  towards  tbe  shorter  undulations,  tluit  is, 
towards  the  violet,  and  the  lines  approached  one  another  and 
became  more  numerous,  so  that  the  maximum  accumulation 
of  lines  was  found  in  the  ultra-violet  portion  of  the  spectrum. 
According  to  Reinganum  (1904),  the  regularities  are  more 
evident  if  instead  of  the  atomic  weights  we  take  into  con- 
sideration the  atomio  volumes,  that  is,  the  volumes  in  c.c. 
occupied  by  a  quantity  in  grammes  of  a  solid  element, 
corresponding  to  the  atomic  weight. 

The  emiasion  spectrum  ia  solely  composed  ol  lines 
or  groups  of  lines  corresponding  to  given  elements. 
There  are,  however,  other  spectra  called  abaorplion  f^_  n^ 

spectra,  which  are  continuous  spectra  in  which  non- 
luminous  lines  of  the  emission  spectra  are  found.  White  light  gives  a  con- 
tinuons  spectrum,  but  if  it  is  passed  through  an  incandescent  gas,  then  those 
wav^  only  of  the  spectrum  will  pass  which  are  not  isochronous  with  those  of 
the  gaseous  incandescent  element ;  whilst  those  which  are  isochronous  (in 
the  white  light  passing  through  the  incandescent  gas)  will  interfere,  and  in 
the  positions  corresponding  to  such  wave-lengths  black  hnes  will  be  observed 
in  the  spectrum. 

There  are  also  other  absorption  spectra  which  are  characteristic  of  solutions 
of  various  coloured  oiganic  substances.  (Translator's  Note. — And  also  of 
ceit«in  inorganic  solutions.) 

In  order  to  study  these  questions  in  the  laboratory,  the  spectroscope  {Fig.  18),  which 
was  invented  by  Bunsen  and  Kirchhoff,  is  employed.  On  a  table  carried  by  a  pedestal 
there  is  placed  a  prism  of  flint  glass  with  angles  of  60°.  On  to  one'  face  of  the  prism 
the  observation  tube  B  converges,  and  collects  the  spectrum  formed  from  the  luminous 
rays  which  enter  through  the  collimeter  A  and  also  the  light  from  the  millimetro  scalo 
which  is  reflected  from  the  same  face  of  the  prism  and  proceeds  from  the  tube  C. 
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The  Bubstance  under  cxaminntion  ie  rendered  incandescent  by  n  non-luminous  flame  F. 
and  the  emitted  tight  enters  the  tube  A  through  a  vertical  adjustable  slit.  The  rays  nre 
rendered  parallel  by  a  coUimatJng  lens  placed  in  the  tube  A  near  to  the  prism  and  at  such 
a  distance  from  the  slit  that  the  raya  are  exactly  at  the  focus  of  the  lens.  The  rays  which 
ate  now  parallel  meet  one  face  of  the  prism  at  the  angle  of  minimum  refraction,  in  which 
way  the  spectrum  is  rendered  sharper.  The  spectrum  is  observed  through  the  observation 
tube  B,  which  is  so  adjusted  horizontally  that  the  rays  of  the  spectrum  are  in  the  centre 
of  the  visual  field.       In  order  to  determine  the  powition  of  the  spectral  lines,  a  tube  C  is 


Fra.  18. 

used  which  oarries  at  its  extremity  S,  a  horizontal  slit  through  which  the  rays  of  a  luminous 
flame  enter  and  immediately  impinge  on  a  millimetre  scale  photographed  on  to  a  glaas  plate. 
The  divisions  of  this  scale  are  reflected  from  the  face  of  the  prism  and  can  be  observed 
through  the  telescope  B,  together  with  the  spectrum.  In  order  to  compare  the  position 
of  the  spectral  lines  of  different  substanceB,  the  scale  in  the  tube  C  is  adjusted  in  saeh  a 
■T  that  the  division  marked  50  corresponds  to  the  yellow  line  of  the  emission  spectrum 
of  sodium.  The  scale  lemains  definitely  fixed  at  this  point,  and  the  positions 
of  the  spectral  lines  of  other  Hubstancea  can  thus  be  determined.  , 

In  order  to  obtain  the  spectra  of  liquid  or  dissolved  substances,  these 
are  placed  in  a  test-tube  provided  with  a  platinum  point  in  its  base  (Fig. 
19)  which  is  united  to  one  pole  of  a  BuhmkorS  coil,  ^  Another  platinum 
wire  is  carried  close  to  the  surface  of  the  liquid  and  united  with  the 
other  pole  of  the  coil,  so  that  sparks  pass  which  give  the  spectrum 
corresponding  to  the  liquid  or  dissolved  substances  in  the  spray  wliich  is 
formed. 

If  the  white  light  of  a  luminous   body,  such  as  the  sun, 

electric  ore,  Ac,  is  passed   through   a    gas  heated  to  a  high 

temperature  (incandescent  gas),  we  obtain  characteristic  lines 

Fio.  19.         of  absorption  of  the  contmuous  spectrum  of  the  white  light, 

black  lines  which  correspond  in  the  scale   of  the   spectroscope 

exactlyin  position  to  those  of  the  emission  spectra  of  the  same  incandescent 

gas.     The  e-xperiment  is  practically  carried  out  by  placing  the  substAiice 

to  be  studied  above  one  of  the  carbons  of  an  arc  lamp. 

In  this  manner  the  fact  is  explained  that  the  white  light  of  the  incandescent  solar 
nucleus  by  passing  through  the  solar  atmosphere  formed  of  many  strongly  heated  gases, 
gives  a  continuous  spectrum  divided  by  numerous  black  lines.  These  were  first  observed 
by  WoUaston  and  correspond  to  the  gaseous  elements  which  are  found  in  the  solar  phot«- 
sphere.  These  were  then  studied  by  iVaunhofer,  who  assigned  letters  of  the  alphabet  to 
the  piindpal  lines,  the  sodium  light  being  denoted  by  D.    Bunsen  and  Kirchhoff  then 
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Studied  many  more  of  them.  The  following  elements,  which  we  will  denote  by  their 
symbols  only  (see  Table,  p.  43),  were  thus  found  with  certainty  in  the  sun :  Na,  Fe,  Ca,  Cr, 
Ni,  Ba,  Zn,  Co,  H,  Mn,  Ti,  Al,  Sr,  Pb,  Cd,  Ce,  U,  W,  Pd,  Mo  ;  the  following  are  also  probably 
present :  In,  Id,  Bb,  Bi,  Sn,  Ag,  Be,  La,  Y.  The  presence  of  carbon,  oxygen,  and  nitrogen 
is,  on  the  other  hand,  largely  contested,  but  most  probably  at  such  elevated  temperatures 
(supposed  by  Moissan  in  1906  to  be  4000-6500^)  the  characteristic  lines  of  these  elements 
due  to  the  impacts  of  the  simple  atoms  are  no  longer  obtained,  and  it  may  be  supposed 
that  under  such  conditions  these  atoms  are  finally  split  into  still  smaller  partides.  The 
above-mentioned  single  yellow  line  of  sodium  is,  in  fact,  formed  of  two  lines  very  close 
together,  and  similarly  other  atoms  give  multiple  lines,  which  perhaps  denote  the  impacts 
of  still  smaller  particles.  By  means  of  spectral  analysis  we  are  able  to  identify  minimal 
quantities  of  substances.  Thus  the  spectrum  will  reveal  ^oooo^^oo^o  of  ^  gramme  of 
sodium. 

CHEMICAL   EQUATIONS 

The  chemical  reactions  which  occur  between  various  substances,  simple 
or  compound,  may  be  represented  by  means  of  equations,  which  are  just  as 
rigorous  as  algebraic  equations.  The  reactions  always  occur  between  chemical 
particles,  and  therefore  between  definite  weights  of  the  reacting  substances. 
Since  no  matter  is  lost  in  any  reaction,  the  chemical  equation  must  also 
quantitatively  represent  the  equality  between  the  weights  of  the  reacting 
substances  and  of  the  new  substances  which  are  formed. 

Thus,  for  example,  the  reaction  which  occurs  between  one  molecule  of  chlorine  and  one 
molecule  of  hydrogen,  giving  hydrochloric  acid,  may  be  represented  by  the  following 
equation  :   H.  +  CI,  «  HQ  +  HQ  «  2  (HCl). 

All  the  atoms  of  the  first  member  of  this  equation  are  found  again  differently  grouped 
in  the  second  member,  and  the  complete  weight  of  the  molecules  of  the  first  is  equal  to 
the  weight  of  the  molecules  of  the  secondL  Thus  these  equations  express  to  us  in  a  simple 
and  exact  manner  one  of  the  most  important  laws  of  chemistry  and  of  nature  in  general, 
which  says  that  in  all  transformations  of  matter  nothing  is  created  and  nothing  is  lost. 
Thus: 


H,  +  a,  «-  2HC1 
weight .     2   +  71  =  2  X  36-6 

73  73 


^  H,S04  +  Zn  =  ZnS04  +  H, 

weight    .     98   +  65  «  161  (zinc  sulphate)  +  2 

163  163 


From  this  equation  we  clearly  see  that  in  order  to  prepare  161  grms.  of  zinc  sulphate 
and  2  grms.  of  hydrogen,  98  grm&  of  sulphuric  acid  and  65  grms.  of  zinc  are  required* 

In  other  cases  chemical  equations  serve  to  solve  important  practical  problems.  Thus, 
for  example,  in  order  to  determine  in  advance  whether  sodium  chloride  or  potassium 
chloride  is  more  suitable  for  the  manufacture  of  hydrochloric  add  (supposing  that  the 
prices  of  these  two  salts  are  equal),  we  find  for  the  chemical  reaction  between  the  salt  and 
sulphuric  acid  the  following  equation  : 

Naa  +  H^SO^  =  NaHSO^  +  HCl  KCl  +  H^O^  «  KHSO^  +  HCl 

68-5    +     98       =       120      +  36-5     ^^     74-5  +      98     =»      136       +  36-5 

jf 

Now  we  see  that  with  the  same  quantity  (98)  of  sulphuric  acid,  in  one  case  58*5  parts 
by  weight  of  sodium  chloride  and  in  the  other  case  74*5  parts  by  weight  of  potassium 
chloride  are  needed  in  order  to  obtain  the  same  quantity,  36*5  parts,  of  hydrochloric 
acid.  It  will  thus  be  better  to  employ  sodium  chloride  even  if  this  costs  as  much  as  potas- 
sium chloride  ;  the  practical  advantage  is,  however,  still  greater  because  sodium  chloride 
costs  much  less, 

FUNDAMENTAL   PRINCIPLES   OF  THERMOCHEMISTRY 

When  we  write  a  chemical  equation,  we  do  not  completely  express  the 
chemical  phenomenon.  Though  the  equation  evidently  expresses  a  trans- 
formation of  matter,  we  have  still  no  idea  of  the  changes  which  occur  in  the 
inherent  energy  of  the  same  substances,  and  which  are  closely  connected  with 
chemical  phenomena. 
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The  chemical  energy  or  internal  energy  of  the  substance,  being  indestruc- 
tible, ^vill  be  found  in  equal  quantities,  though  partly  under  different  forms, 
both  before  and  after  a  given  chemical  reaction  has  occurred.^ 

Modifications  in  the  chemical  state  of  one  or  more  substances  are  always 
accompanied  by  development  or  absorption  of  energy,  which  is  easily  measur- 
able in  the  form  of  heat.  Hence  the  name  thermochemistry  given  to  the 
study  of  chemical  reactions  with  the  measurement  of  the  thermal  changes. 

Lavoisier  and  Laplace  argued  without  experimental  demonstration  that  in  order  to 
decompose  a  substance  into  its  components,  there  would  be  required  the  same  quantity 
of  heat  as  was  developed  in  its  formation.  The  experimental  demonstration  of  this 
important  conception  was  not  undertaken  until  the  work  of  G.  H.  Hess  was  carried  out  in 
about  the  year  1840,  and  thus  at  an  epoch  anterior  to  the  discovery  of  the  law  of  the 
conservation  of  energy  by  R.  Mayer  in  1842. 

Hess  demonstrated  experimentally,  by  studying  the  formation  of  ammonium  sulphate, 
that  the  total  heat  which  is  developed  in  a  chemical  process  is  always  the  same  however  the 
reaction  occurs,  whether  in  one  step  or  in  many  phases.  Hess  may  be  considered  to  be 
the  founder  of  thermochemistry.^ 

The  work  of  Andrews  (1841-1848),  of  Graham  (1843-1845),  and  of  Grass!  (1845)  did 
not  advance  the  progress  of  thermochemistry  very  much.  In  France,  however,  for  some 
years  from  1844  to  1850,  the  extensive  and  important  thermochemical  researches  of  Favre 
and  Silbermann  were  undertaken  and  proved  that  there  are  also  chemical  reactions  in 
the  course  of  which  heat  is  absorbed,  whilst  until  that  time  it  had  been  believed  that 
chemical  combination  was  always  accompanied  by  evolution  of  heat.  Those  reactions 
which  occur  with  evolution  of  heat  were  then  called  exothermic  reactions,  whilst  those 
which  occurred  with  absorption  of  heat  were  called  endothermic. 

Jn  1853  to  1854  J.  Thomsen  established  the  foundations  of  a  thermochemical  system 
by  applying  for  the  first  time  the  principles  of  the  mechanical  theory  of  heat.  He  showed 
that  the  thermochemical  equivalent  of  a  substance  (or  internal  energy,  supposing  this  all 
to  be  transformed  into  heat)  under  the  same  conditions  has  always  the  same  value. 

If  heat  is  developed  during  a  chemical  combination  with  or  without  increase  of  volume 
(external  work),  the  internal  energy  must  diminish  by  the  corresponding  amount.  The 
thermal  tonality,  that  is,  the  evolution  or  absorption  of  heat,  and  the  heat  t)orresponding 
to  the  external  work  (increase  of  volume)  of  a  chemical  process  must  then  be  equal  to  the 
internal  energy  of  the  reacting  substances,  diminished  by  the  internal  energy  which  remains 
in  the  products  of  the  reaction.  The  thermal  tonality  is  proportional  to  the  quantities  of 
the  substances  which  react. 

In  1851-1852  Woods  carried  out  similar  work  Independently  of  that  of  Thomsen, 
leading  to  the  same  results. 

When  solid  and  liquid  substances  react  with  production  of  a  gas,  the  external  work  is 
increased  by  24-19  calories  for  every  litre  of  increase  of  volume  {see  p.  27). 

The  true  founder  of  thermochemistry  in  France  was  Berthelot.  From 
1865  up  to  the  last  few  years,  together  with  his  numerous  pupils,  who  are 
disseminated  throughout"  Europe,  he  has  enriched  this  branch  of  chemistry 
by  numerous  and  important  experiments  which  have  led  to  a  complete 
system  from  which  the  fundamental  laws  of  thermochemistry  have  been 
deduced,  which  Berthelot  collected,  together  with  his  more  important  work,  in 

*■  Chemical  energy  Is  of  the  greatest  Importance  throughout  the  large  economy  of  nature.  Firstly,  because  it 
Is  durable :  thus,  a  piece  of  coal  provided  by  a  plant  which  accumulated  radiant  energy  from  the  sun  is  conserved 
for  thousands  of  years  in  the  depths  of  the  earth  without  losing  any  of  its  energy,  which  may  be  utilised  in  com- 
bustion. Secondly,  because  chemical  energy  is  ordinarily  found  in  very  concentrated  forms  ;  in  fact,  if  one  were 
able,  for  example,  to  completely  transform  into  mechanical  work  the  heat  of  combustion  of  a  single  gramme  of 
hydrogen,  one  would  be  able  to  raise  a  weight  of  1400  kilos  to  a  height  of  one  metre.  It  is  thus  evident  that  mecha- 
nical energy  is  found  in  a  form  which  is  very  convenient  for  transportation,  because  it  is  greaUy  concentrated. 
Boyle,  Lavoisier,  and  Laplace  already  carried  out  chemical  experiments  in  which  the  heat  was  measured  which  is 
developed  by  animal  organisms,  and  similar  experiments  were  also  made  in  1779  by  Crawford,  in  1822  by  Dulong, 
and  in  1824  by  Dcspretz.  Furthermore,  Davy  in  1813  and  Kumford  in  1817  determined  directly  the  calorific 
power  of  solid,  liquid,  and  gaseous  combustibles. 

■  By  a  strange  fatality  and  historic  coincidence,  Hess,  who  in  1840  had  rediscovered  the  valuable  work  of 
BJchter  which  leads  to  the  first  fundamental  laws  of  chemistry  (equivalents,  &c.)  and  which  were  unjusUy  attri- 
buted by  Berseliua  to  Wenzel,  was  in  his  turn  the  true  founder  of  thermochemistry  and  was  forgotten  by  his 
contemporaries,  whilst  the  great  importance  of  his  work  was  only  recalled  and  pointed  out  by  Ostwald  in  1886. 
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two  volumes  publiahed  in  1876.  He  enunciated  the  three  following  general 
laws  :  (1)  The  heat  developed  in  a  chemical  process  is  the  measure  of  the  chemical 
and  physical  toorh  prodticed  ^ ;  (2)  the  thermal  effect  of  a  chemical  process  depends 
only  upon  the  difference  between  the  thermal  state  before  and  after  the  reaction 
whatever  may  be  the  intermediate  reactions  which  have  occurred  (law  of  Hess) ; 
(3)  every  chemical  transformation  which  occurs  without  the  intervention  of 
energy  from  outside,  tends  towards  the  formation  of  those  compounds  or  systems 
of  compounds  in  which  the  largest  quantity  of  heat  is  evolved  (principle  of  greatest 
work).  This  last  principle,  which  was  enunciated  by  Thomsen  in  1853,  was 
then  developed  by  Bertielot,  but  in  the  last  few  years  it  has  proved  to  be 
in  contradiction  to  many  reactions  (reversible  actions,  actions  of  catalysts, 
chemical  equilibria,  &c,,  see  below),  and  van't  Hoff,  Nernst,  and  others  have 
shown  that  it  is  insufficient  or  have  accepted  it  as  exact  only  when  departing 
from  absolute  zero  for  solid  reactions,  that  is,  when  the  product  of  the  reaction 
separates  as  an  insoluble  solid  and  when  the  thermal  tonality  is  independent 
of  the  temperature  (see  below,  chapter  on  Affinity.) 

From  1869  to  1882  Thomsen  carried  out  further  very  numerous  experi- 
ments, which  are  collected  into  four  volumes  pubhshed  in  1882-1884,  and 
which  all  confirm  these  fundamental  laws. 

Stohmann,  in  Germany,  after  a  large  number  of  experiments  on  thermo- 
chemistry applied  to  physiological  chemistry,  obtained  results  in  perfect 
harmony  with  the  above-mentioned  laws. 

Important  improvements  in  the  apparatus  used  in  more  rigorous  thermo- 
chemical  research  are  due  to  Thomsen  and  more  especially  to  Berthelot. 
Berthelot's  calorimeter  or  bomb  is  used  in  aU  laboratories  and  has  also  been 
of  use  in  the  study  of  numerous  organic  compounds.  We  give  a  description 
of  it  in  the  chapter  on  carbon  and  combustibles.    The  chemical  reactions  are 

>  The  CAloriflc  nnit  which  Berves  as  the  baslB  of  aU  thermochemical  measuremeDta  is  the  tmaU  calorie  (cal.) 
which  indicates  the  heat  required  to  raise  the  temperature  of  1  grm.  of  water  from  0**  to  1",  or  the  large  Calorie 
(Gal.)  of  Berthelot,  which  expresses  the  heat  required  to  raise  the  temperature  of  1  kilo  of  water  from  0**  to  1°, 
and  Lb  equal  to  1000  cals.  Finally,  Ostwald  has  advised  the  acceptance  of  the  rational  calorie  proposed  by  Schuller 
and  Wartha  in  1877,  which  expresses  the  quantity  of  heat  necessary  to  raise  1  grm.  of  water  from  0**  to  100**,  and 
is  denoted  by  the  letter  X,  which  distinguishes  it  from  the  others.   This  is  equal  to  100  small  calories. 

It  was  more  especially  the  work  of  Joule  which  led  to  the  exact  determination  of  the  mechanical  equivalent 
of  Iwat.  It  was  then  generally  confirmed  that  1  Calorie  could  accomplish  the  work  of  427  kllogrammetres  (1  kilo- 
giammetre  is  the  work  necessary  to  raise  1  kilo  to  a  height  of  1  metre) ;  and,  vice  verra,  the  mechanical  work  of 
4Z7  kilogrmmmetres  corresponds  to  exac^y  1  Cal.  of  heat. 

More  rationally,  the  joule  (J)  is  used  to-day  and  refers  to  the  fundamental  unit  of  work,  the  erg,  or,  better 
still,  the  kilojoule  is  used,  which  is  equal  to  1000  j  and  corresponds  to  230  cals. 

We  have  already  seen  (p.  38),  in  considering  the  kinetic  theory  of  gases,  that  the  kinetic  energy  {B)  of  a  body 

»  i  mjf,  and  thus  the  whole  energy  may  be  represented  by  or  referred  to  this  formula.     If  we  wish  to  deduce 

from  this  formolA  tha  rational  unit  of  energy,  we  must  substitute  for  the  value  m  1  grm.,  that  is,  the  one-thousandth 

part  of  the  unit  of  weight  preserved  at  Paris,  and  constituted  by  a  block  of  platinum,  the  weight  of  which  is 

L 
fixed  at  1  kilo ;  velocity  (c)  is  deduced  from  a  simple  formula  c=  ^,  where  L  is  the  length  of  the  path  measured 

in  oentimetres,  and  T  the  time,  measured  in  seconds.  Then  for  1  grm.  moving  with  a  velocity  of  1  cm.  per  second,  we 

have  £  s  2  *  ^  *  ^*  "^  2 '   ^K^no^'orming  into  units  the  value  of  the  energy  resulting  from  tliis  formula  (^  x  2  =  1  j 

we  will  find  that  the  unit  of  enezgy  is  double  the  amount  of  energy  contained  in  1  grm.  of  any  substance,  moving 
with  tha  velocity  of  1  em.  per  second.  The  unit  of  force  is  called  the  dj/ne  {eee  p.  26),  and  the  work  which 
correaponds  to  one  dyne  is  called  the  erg  (unit  of  work),  which  has  a  very  small  value.  In  order  to  form  an  idea 
of  the  erg,  it  will  suffice  to  imagine  a  mass  of  100  grms.  projected  with  a  velocity  of  1000  cm.  per  second,  which 
ooiresponds  to  50,000,000  ergs.  For  practical  convenience,  calculations  are  made  with  units  of  10,000,(XX)  ergs 
(z»  107),  and  this  quantity  or  practical  unit  is  called  the  joule  and  denoted  by  j. 

The  work  of  Mayer  and  of  Joule  determined  the  relations  liip  between  work  and  heat,  and  this  relationship 
was  corrected  later  by  the  most  exact  determinations,  so  that  we  know  to-day  that  one  small  calorie  (referred  to 
1  gnu.  of  water  at  18")  correaponds  to  41,890,000  ergs,  that  is,  1  calorie  <=  4*18  j ;  or  the  rational  (centesimal)  calorie 
K  —  418  j.  This  is  the  most  exact  expression  for  the  mechanical  equivalent  of  heat  measured  with  the  funda- 
mental unit  of  work,  that  is,  the  erg,  or  with  the  joule,  j.  Since  the  kilojoule  (Kj)  =  1000  J,  then  1  cal.  ^   0004 18 

Kj.,  or  1  caL  «  ^39  ^Jm  ^^^  is,  1  KJ.  =»  230  cal.    On  the  other  hand,  1  cal.  corresponds  to  427  kilogrammetrea  of 

work. 

One  horse-power  (h.p.)  corresponds  to  76  kllogrammetres  per  second  (==  270,000  kgrm.  per  hour),  and  thus 
1  CaL  oorreaponds  to  6*60  horse-power  seconds  (=>  427  kgrm.  75),  and  a  horse-power  hour  corresponds  to  630  Cal. 
With  a  good  steam-engine  a  horse-power  hour  is  obtained  with  about  3-4  kilos  of  coal,  according  to  the  size  of  the 
engine,  so  that  this  will  cost  from  l'2d.  to  l'5d.  in  Italy.  With  gas  motors  a  horse-power  hour  costs  less  than 
0'3d.  to  Q'4d.  The  price  of  an  electrical  horse-power  (with  transport  of  energy)  varies  very  much  from  id.  up 
to  l'2rf^  and  one  may  remember  that  a  horse-power  corresponds  to  734  watts  or  0*734  kilowatts. 
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made  to  occur  in  a  closed  metallic  receiver  which  is  immersed  in  a  measured 
quantity  of  water,  the  temperature  of  which  is  measured  both  before  and 
after  the  reaction. 

There  is  a  general  agreement  to-day  to  refer  the  thermal  tonaUty  of  a 
substance  or  oi  a  chemical  reaction  to  gramme-molecules  of  the  substances 
in  question  (see  moL,  p.  26),  or  in  the  case  of  metals  to  gramme-atoms  ;  they 
may  also  be  referred  to  gramme-equivalents. 

We  will  now  follow  some  reactions  thermochemically  : 

Pb  +  Ij  =  Pbl,  +  39,800  cal. 

This  equation  signifies  that  the  internal  energy  of  207  grms.  of  Pb  (atomic  weight  207) 
+  the  internal  energy  of  2  x  127  grms.  of  iodine  (atomic  weight  127)  =  the  internal 
energy  of  460*6  grms.  of  Pbl,  (molecular  weight)  +  39,800  calories  developed  in  the 
reaction.  Thus  Pbig  »  -  39,800  cals.,  that  is,  Pbl  contains  39,800  calories  less  than  the 
free  components  and,  in  order  to  regain  Pb  and  I  from  it,  it  would  be  necessary  to  employ 
39,800  ctds.  which  were  evolved  dm'ing  its  formation. 

In  the  formation  of  18  grms.  (mol.  wt.)  of  water  at  0°  starting  from  2  grms.  of  hydrogen 
and  16  grms.  of  oxygen,  68,400  cals.  are  developed,  and  thus  HjO  liquid  «  -  68,400  cals, 
(or  286  Kj. ;  as  1  Kj.  =  239  cals.).  If,  on  the  other  hand,  18  grms.  of  water  vapour  at 
100°  is  imder  consideration  it  is  necessary  to  deduct  100  calories  which  are  developed  for 
each  gramme  of  water  when  cooled  from  100°  to  0°  and  also  the  heat  of  evaporation  which 
is  537  cals.  for  each  gramme  of  water,  and  the  expression  now  becomes : 

H,0  vapour  -=  -  67,000  cals.  [*.€.,  68,400  -  (637  x  18)]  also  referred  to  18  grms. 

But  this  resalt,  and  also  that  obtained  in  the  case  of  Uquid  water,  must  be  still  further 
corrected  to  allow  for  the  fact  that,  starting  from  gaseous  substances,  and  in  fact  from 
one  mol.  (22,412  litres  »  1  grm.)  of  hydrogen  and  ^  mol.  of  oxygen  (11,206  Utres),  we  obtain 
liquid  water,  so  that  there  has  been  a  diminution  of  volume  of  1^  mols.,  that  is,  33-618  litres, 
and  the  corresponding  quantity  of  heat  has  thus  been  developed  and  can  be  calculated 
because  we  know  that  1  litre-atmosphere  corresponds  to  24-19  cals.  {see  p.  27).  Thus 
the  true  thermal  tonality  of  the  formation  of  H^O  liquid  will  be  : 

68,400  -  (2410  X  33-618)  »  68,400  -  814  «  67,686  cals. 

The  accurate  thermal  tonality  for  H^O  vapour  will  be  67,000  cals.  diminished  by  the 
heat  corresponding  to  ^  mol.  by  volume,  because  1  mol.  of  water  vapour  finally  results 
from  1^  mols.  of  hydrogen  and  oxygen. 

When  a  gas  reacts  on  a  liquid  it  is  sometimes  necessary  to  take  the  heat  of  solution 
of  the  gas  in  the  liquid  into  account. 

Thus  if  we  allow  aqueous  solutions  of  potassium  hydroxide  and  HCl  to  react  we  will 
have  the  following  equation,  the  thermal  tonality  of  which  in  this  case  expresses  the  heat 
of  neutralisation : 

KOH  aq  +  HCl  aq  =  KCl  aq  +  H,0  +  67-36  Kj.  (-  13,700  cals,) 

If  an  aqueous  solution  of  KOH  reacts  directly  with  HCl  gas  the  equation  will  be  : 

KOH  aq  +  HCl  gas  -  KCl  aq  +  H^O  +  129-91  Kj.  (=  31-060  cals.) 
According  to  this  second  equation  we  have  a  development  of  72-38  Kj.  (»  17,360  cals.) 
more  heat,  and  this  expresses  the  heat  of  solution  of  HCl  gas  in  water.  In  the  thermal  effect 
which  results  from  these  reactions  the  work  of  dissociation  of  the  reacting  molecules  into 
the  corresponding  simple  atoms,  a  process  which  requires  considerable  quantities  of  heat, 
is  also  included. 

Thus,  the  heat  which  is  actually  measured  represents  the  difference  between  the  heats 
of  combination  of  the  reacting  atoms  and  the  heats  of  dissociation  of  the  reacting 
molecules. 

The  second  law  of  thermochemistry  (of  Hess)  is  also  called  the  law  of  the  constant 
sum  of  the  heat  effects,  and  says  that  the  final  thermal  effect  of  a  complete  reaction  is 
equal  to  that  obtained  if  the  reaction  occurs  in  one  phase,  whatever  the  number  of  phases 
through  which  it  actually  passes,  that  is,  the  difference  of  energy  between  two  states  of  a 
chemical  system  is  independent  of  the  cycle  through  which  it  has  passed  fiom  the  one 
state  to  the  other.    If,  for  example,  we  add  to  an  aqueous  solution  of  1  grm. -molecule 
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of  phosphoric  acid,  H3PO4  (tribasic  acid),  an  aqueous  solution  of  3  grm. -molecules  of  sodium 
hydroxide,  3NaOH,  trisodium  phosphate  is  formed  with  development  of  1424  Kj.  (=- 
34,030  cals.) : 

3NaOH  aq.  +  H5PO4  aq.  -  NasPO*  aq.  +  3Hs,0  +  142-4  Kj.     . 

If,  on  the  other  hand,  we  add  the  three  molecules  of  NaOH  one  at  a  time  we  have  the 
following  three  phases  of  the  reaction,  which,  however,  lead  to  the  same  final  thermal 

result:  • 

NaOH  aq.  +  H3PO4  aq.  «  NaHaP04  aq.  +  HjO  +  14,829  cals. 
NaOH  aq.  +  NaHjP04  aq.  =  Na2HP04  aq.  +  H^O  +  12,261  cals. 
NaOH  aq.  +  Na2HP04aq.  —  NajPOi     aq.  +  HjO  +   6950   cals. 

The  sum  of  the  amounts  of  heat  liberated  by  the  three  intermediate  reactions  is  34,030  cals. 
and  corresponds  to  the  heat  produced  when  the  reaction  takes  place  in  a  single  phase. 

The  heat  of  formation  of  the  intermediate  compounds  of  a  given  reaction  can  be  deduced 
by  an  indirect  method  from  the  original  thermochemical  system  and  the  final  reaction. 
For  example :  though  the  heat  of  formation  of  carbon  monoxide,  0  +  0=-  CO,  cannot 
be  determined  directly,  yet  it  can  be  indirectly  deduced  from  the  knowledge  that  C  +  Oj 
«  CO,  +  97,000  cals.  (405-8  Kj.)  and  that  CO  +  O  «  COj  +  67,850  cals.  (284-5  Kj,) ; 
by  subtracting  the  one  phase  from  the  other  we  have  the  other  phase  : 

C  +  O  -  CO  +  29,160  cals.  (i.e,  97,000  -  67,850). 

This  indirect  method  is  exact  and  is  often  employed  for  complicated  chemical  systems, 
and  especially  for  the  indirect  determination  of  the  thermal  effect  of  reactions  which  cannot 
be  directly  obtained,  or  in  special  cases  in  which  it  is  not  practically  possible  to  measure 
the  effect  of  such  reactions. 

Bertbelot  maintained  that  the  heat  developed  during  the  combination  of  two  sub- 
stances is  proportional  to  their  affinity,  but  this  is  not  always  correct,  as  was  shown  by 
Le  Chatelier,  who  elucidated  the  bearing  of  the  principle  of  the  resistance  to  reaction, 
which  he  had  deduced  thermodynamically,  on  chemical  reactions.  This  principle  is  closely 
connected  with  the  principle  of  mobile  equilibrium  enunciated  by  van't  Hoff  in  the  case  of 
the  various  ph3rBioal  states  of  matter. 

This  rule  says  that  by  every  change  of  one  of  the  factors  which  ret^ate  a  chemical- 
physical  system  in  equilibrium,  there  are  produced,  by  the  transformation  in  the  system, 
actions  which  are  opposed  to  the  modifying  factor.  Thus,  for  example,  by  altering  the 
temperature  of  a  liquid,  for  instance,  by  heating  it,  evaporation  occurs,  that  is  a  phenome- 
non which  tends  to  absorb  heat.  Two  substances  which  combine  with  evolution  of  heat 
have  a  tendency  to  dissociate  when  reheated,  that  is,  to  be  transformed  into  their  components 
with  absorption  of  heat,  and  since  the  greater  portion  of  the  number  of  known  substances 
are  formed  with  evolution  of  heat,  therefore  at  temperatures  more  or  less  elevated  they 
are  decomposed,  whilst,  on  the  other  hand,  substances  which  absorb  heat  during  combina- 
tion (endothermic  substances)  are  not  dissociated  by  elevation  of  temperature  (in  fact 
they  are  generally  formed  at  high  temperatures),  but  on  the  contrary  become  more  stable 
as  the  temperature  is  raised.  We  thus  see  that  the  belief  of  many,  that  at  very  high  tem- 
peratures, for  instance,  in  the  sun,  all  substances  have  a  tendency  to  dissociate  into  their 
respective  elements,  is  erroneous  ;  this  being  only  true  for  substances  which  are  formed 
with  development  of  heat,  but  not  for  those  which  absorb  it  during  formation. 

Rhombic  sulphur  is  transformed  into  the  monoclinic  variety  with  absorption  of  heat ; 
therefore  on  heating  rhombic  sulphur  it  is  transformed  into  the  monoclinic  form  {see  also 
chapter  on  Sulphur). 

By  Le  ChateUer's  principle  and  with  the  aid  of  thermodynamics,  one  can 
always  foresee  in  which  sense  a  chemical  reaction  will  proceed,  or  whether 
such  a  reaction  is  possible  or  not.  One  cannot,  however,  always  bring  about 
a  reaction  which  is  theoretically  possible,  because  of  the  so-called  passive 
resistances  (friction,  capillarity,  ionisation,  &c.),  which  often  cannot  be  cal- 
culated by  means  of  thermodynamics.  Thus  alcohol  does  not  bum  in  oxygen 
at  the  temperature  of  liquid  air  (-  190°),  and  under  the  same  conditions 
sodium  does  not  react  with  alcohol  nor  chlorine  with  hydrogen,  &c.,  and 
it  is  well  tl^at  it  is  sq>  gecause  if  e^l]  theoretically  possible  reactions  were  to 


62  INORGANIC    CHEMISTRY 

occur  in  nature,  than  all  combustible  or  oxidisable  substances  would  bum, 
even  at  ordinary  temperatures,  and  our  planet  would  become  a  veritable 
inferno,  uninhabitable  for  vegetables  and  animals. 

Temperature  has  much  influence  on  chemical  reactions  and  the  velocity  of 
reaction  is  in  general  much  smaller  when  the  temperature  is  lowered.  Whilst 
the  temperature  rises  according  to  an  arithmetical  series  the  velocity  rises 
according  to  a  geometrical  series.  On  raising  the  temperature  by  10°,  the 
velocity  of  reaction  increases  to  double  or  treble  its  former  amount  (see  bdow). 


CHEMICAL  EQUILIBRIA  AND  VELOCITIES  OF 

REACTION 

In  chemical  reactions  we  have  many  evident  examples,  and  also  others 
which  are  less  evident,  in  which  the  reacting  substances  do  not  combine 
completely,  but  only  partially  {partial  reactiona  which  are  in  contradiction 
to  the  third  principle  of  thermodynamics  enunciated  by  Berthelot).  It  is 
supposed  that  in  such  cases  under  given  conditions  a  part  of  the  product  of 
reaction  is  again  dissociated  into  its  components,  thus  establishing  a  chemical 
equiUbrium  between  the  reaction  which  proceeds  in  one  sense  and  that  which 
proceeds  in  the  opposite  sense,  hence  in  all  such  phenomena  one  can  no  longer 
speak  of  a  static  equilibrium,  but  rather  of  an  equilibrium  of  kinetic  character. 

The  Swedes,  Guldberg  and  Waage,  inspired  by  the  conceptions  of  Berthollet, 
published  in  1867  an  important  work  ("Etudes  sur  les  affinity  chimiques"), 
in  which  they  placed  the  equiUbrium  of  chemical  reactions  on  a  mathematical 
basis.  This  work  passed  unobserved,  and  in  1873  an  Englishman,  Jellet, 
came  to  an  analogous  conclusion.  It  was  only  in  1877  that  van't  Hoff  pointed 
out  the  great  importance  of  these  studies  to  chemistry. 

In  the  study  of  chemical  equilibrium  it  is  necesssary  to  clearly  fix  the 
conception  of  concentration  of  substances  which  come  into  play  during  re- 
actions. It  is  not  the  absolute  quantities  of  the  mass  of  reacting  substances 
which  are  of  interest,  but  rather  their  relative  mass,  per  unit  of  volume.  The 
rational  method  of  expressing  concentration  is  by  the  number  of  gramme- 
molecules  {see  p.  26)  contained  in  a  unit  of  volume  (ordinarily  one  litre). 

One  mol.  of  any  gas  at  0°  and  760  mm.  pressure  occupies  a  volume  of  22*412  litres  {see 
p.  26),  and  its  concentration  A  is  given  by 

Since,  by  the  laws  of  Boyle  and  Gay-Lussac  {see  p.26)  the  volume  i;  of  a  gas  at  temperature 

P 
temperature  T,  will  be : 

22-412  po^ 


V  n  7 

T  and  pressure  p  is  given  by  t;  =»        ono  *^®^  these  22*412  litres  at  pressure  p  and  absolute 


V  = 


p  .273 


273  .  p 
and  consequently  the  concentration  G  ^  ^0.4.10 — 71  •     When  gaseous  miztiu*es  are  under 

consideration  in  which  one  of  the  components  has  the  percentage  value,  F,  and  partial 

F.  P 
pressure,  p,  whilst  the  total  pressiure  is  P,  we  have  p  -»  "TjrvT*  *^<^  *hufl  the  concentration 

of  that  component  will  be  : 

273  PF  012181  PV 

^  "^  100  X  22-412  T"  T 

If  the  gas  formula,  pv  ^  RT  (^ee  p.  26)  refers  to  1  moL  of  a  substance,  that  is,  to 
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22-412  litres,  then  in  all  those  cases  in  which  nmols.  of  a  substance  are  contained  in  that 
volume^  -we  have  pv  =  n.BTf  and  the  concentration  becomes  : 

^       v"  RT 
that  is  to  say,  that  the  concefUration  of  a  given  qvardity  of  a  subaUince  is  directly  proportional 
to  1^  pressure  to  which  it  is  exposed,  and  inversely  proportional  to  the  absoltUe  temperature, 
and  cUso  to  the  volume,  that  is  : 

^      p_      T^      f^ 

Oi'^  Pi^  T  '  V 

In  a  mixture  of  gases  in  which  the  total  pressure  is  P  and  the  partial  pressure  of  one  of 

the  components  p,  we  have  pv  ==  nRT,  and  Pv  =  NRT,  where  n  and  N  indicate  the 

number  of  mols.  ;  and  since  both  for  the  mixture  and  for  each  of  the  component  gases 

p      n 
the  Tolame  and  the  temperature  are  common  and  equal,  we  deduce  the  equation  *  "B^  j^t 

that  is  to  say,  the  partial  pressure  pi  of  (me  component  is  in  ihe  same  ratio  to  the  total  pressure 
P  of  the  mixture,  <is  that  of  the  number  of  mols,  n  contained  in  volume  v,  and  corresponding  to 
p,  to  the  total  number  of  mols.  N,  or 

n 
p        V        C 

V 

which  is  to  say,  that  the  partial  pressure  of  one  component  of  a  gaseous  mixture  is  in  the  same 
ratio  to  the  total  pressure  as  its  concentration  is  to  that  of  the  sum  of  the  concentrations  of  the 
components, 

p 
We  may  also  write  C  »  p  S  (7,  that  is  to  say,  that  the  concentration  of  one  of  the  com- 
ponents of  a  gaseous  mixture  is  equal  to  the  sum  of  the  concentrations  of  all  the  components 
multiplied  by  the  ratio  between  the  partial  pressure  and  the  total  pressure. 

We  will  have  occasion  to  refer  back  to  these  considerations  of  concentra- 
tion not  only  for  the  following  general  considerations  of  chemical  equilibria, 
but  also  when  we  study  systematically  certain  important  chemical  reactions. 
(see  Sulphur  Trioxide,  &c.) 

REVERSIBLE  REACTIONS.  Wenzel  already  in  1777,  and  Berthollet 
in  17d9  agreed  that  in  some  cases  certain  reactions  are  not  completed,  but  a 
rigorous  study  of  such  chemical  equilibria  was  only  undertaken  much  later 
by  Berthelot  and  P6an  de  Saint-GiUes  in  the  case  of  the  formation  of  ethers, 
where  it  may  easily  be  observed  that  a  reaction  may  proceed  in  opposite 
directions.    In  such  reversible  reactions  ^^  replace  the  sign  of  equality  in 

the  equation   by  "^^  or   even  more   simply  by *■,  in  order  to  indicate 

that  the  reaction  may  take  place  in  two  senses.  At  certain  temperatures 
hydrogen  and  iodine  combine  in  part  to  form  hydriodic  acid  (HI),  buthydriodic 
acid  dissociates  in  part  at  the  same  temperature  into  H  and  I.  This  rever- 
sible reaction  may  be  represented  by  the  equation  H.^  +  1^:^=1  2HI. 

In  the  study  of  chemical  equilibria,  it  is  necessary  to  distinguish  cases 
in  which  the  system  is  called  a  one-phase  system  and  forms  a  homogeneous 
equilibrium,  from  those  in  which  there  are  several  phases  (see  below,  Theory 
of  Phases),  that  is,  when  there  are  various  states  of  aggregation  or  non- 
miscible  Hquids  constituting  a  heterogeneous  equilibrium. 

In  order  to  establish  chemical  equiUbrium  various  factors  contribute,  and 
more  precisely  three  external  factors,  temperature,  pressure  and  electro- 
motive force,  and  three  inJternal  factors,  physical  state,  chemical  nature  and 
concentration  of  the  substances.  When  even  a  single  one  of  these  factors 
is  changed  the  state  of  equihbrium  of  the  system  becomes  modified,  and  there- 
fore if  two  or  more  equivalent  factors  are  altered  at  the  same  time,  the  equili- 
brium of  the  system  may  even  remain  unchanged.    Catalytic  action  is  not 
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considered  as  one  of  the  factors  of  equilibrium,  because  a  reaction  can  occur 
even  without  the  presence  of  a  catalyst  {see  bdow),  and  even  if  this  is  present, 
the  equilibrium  is  not  displaced  except  in  the  case  of  a  consequent  modification 
of  temperature. 

The  factors  of  equilibrium  need  not  always  be  studied  quantitatively  in 
order  to  fix  the  conditions  of  equilibrium.  A  qualitative  test  which  indicates 
in  which  sense  the  change  of  equilibrium  is  taking  place,  is  often  sufficient, 
and  may  be  deduced  by  the  principle  of  mobile  equilibrium  (see  pp.  53  and  61) 
studied  by  van't  Hoff  for  temperatures,  and  generalised  by  Le  Chatelier 
for  all  the  other  factors  of  equilibrium. 

We  will  add  a  few  other  examples  to  those  already  recorded  in  order  to  better  illustrate 
this  important  rule  of  the  antitheses.  On  raising,  for  example,  the  temperature,  the 
equilibrium  is  displaced  in  a  sense  favourable  to  the  reaction  which  absorbs  heat.  Substances 
which  dissolve  with  absorption  of  heat  are  the  more  soluble  the  more  they  are  heated. 
On  the  other  hand,  those  which  dissolve  with  evolution  of  heat  are  less  soluble  when  hot 
than  in  the  cold  (anhydrous  sodium  sulphate,  calcium  hydroxide,  &c.,  see  Part  II. ,  Freezing 
Mixtures).  If  the  heat  of  solution  of  a  salt  is  zero  or  very  small,  then  the  solubility  is 
constant  even  when  the  temperature  varies.  This  is  the  case  for  sodium  chloride.  Sub- 
stances which  are  formed  with  evolution  of  heat  are  less  stable  when  hot  than  in  the  cold, 
and  above  a  certain  temperature  tend  to  dissociate  into  their  components.  This  is  the  case 
for  water,  carbon  dioxide  (COj  «  CO  +  O),  calcium  carbonate  (CaCOg  =  CaO  +  COj),  &c. 
Substances,  on  the  other  hand,  which  are  formed  with  absorption  of  heat  are  more  stable 
when  hot  than,  at  low  temperatures  (for  example,  calcium  carbide,  acetylene,  nitrogen 
peroxide,  &o.,  see  p.  61). 

Increase  of  pressiure  displaces  chemical  equilibrium  in  that  sense  which  conduces  to  a 
system  requiring  less  pressure.  Ice  melts  more  easily  imder  pressure,  because  on  passing 
from  the  solid  to  the  liquid  state,  it  diminishes  in  volume.  Dissociations  which  lead  to 
an  increase  of  volume  (CaCOj  solid  «  CaO  solid  +  CO,  gas)  are  retarded  or  prevented  by 
increase  of  pressure  and  facilitated  by  diminution  of  pressure.  The  reaction  2C0  gas  = 
CO2  gas  4-  C  solid,  which  leads  to  a  diminution  of  volume,  is  facilitated  by  increase  of 
pressure  and  rendered  more  difficult  by  reduction  of  pressure.  Reactions  which  occur 
without  change  of  volume  are  not  influenced  by  the  pressure  (2HI  gas  when  heated  = 
Hj  gas  +  Ij  gas). 

Increase  of  concentration  of  one  of  the  components  of  a  system  displaces 
the  equilibrium  in  the  direction  of  that  system  which  diminishes  the  con- 
centration of  that  component  which  is  increased  in  concentration.  Thus,  in 
the  system  Hg  +  I2  ^^  2HI,  on  increasing  the  concentration  of  Hg  or  of  Ig, 
there  will  be  a  greater  formation  of  HI ;  this  phenomenon  is  also  called  mass 
action.  The  reaction  is  still  further  facilitated  if  the  concentration  of  the  reac- 
tion products  is  diminished,  that  is,  by  eliminating  the  HI  as  fast  as  it  is  formed. 
This  also  explains  why,  in  a  liquid  system,  on  causing  a  solution  of  sulphuric 
acid  to  react  with  one  of  barium  chloride,  complete  transformation  into  barium 
sulphate  occurs,  because  this  latter  is  insoluble  and  separates.  In  the  chapter 
on  catalytic  sulphur  trioxide,  we  will  see  what  industrial  importance  the  study 
of  such  chemical  equilibria  has,  and  we  will  also  see  how  in  the  system 

2SO2  +  Og  " 2SO3 ' 

it  has  not  been  possible  to  apply  the  laws  of  equilibrium  to  their  full  extent. 

Secondary  reactions  have  a  varied  and  often  complex  influence  on  the  chemical 
equilibrium  of  a  system,  because  in  this  way  several  systems  of  equilibria  are 
present  contemporarily.  We  will  have  occasion  later  (Theory  of  Ions)  to 
also  consider  such  cases.  ^ 

A  knowledge  of  velocity  of  reaction  is  also  of  great  importance  in  the  study 
of  chemical  equilibrium,  and  we  may  illustrate  it  by  an  example  which  was 
veiy  exactly  studied  by  Lemoine  in  1877.  This  is  the  action  of  hydrogen 
on  iodine,  with  formation   of   hydriodic   acid  (HI).      At   270^   the    partial 
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reaction  only  occurs  after  some  months ;  at  300°  after  fifteen  days,  but  at  440°, 
on  heating  equimolecular  quantities  of  hydrogen  and  oxygen  (Hj  +  I2), 
the  maximum  quantity  of  hydriodic  acid  which  is  already  formed  in  three  or 
four  hours,  and  is  79  per  cent,  of  the  reacting  substances,  whilst  21  per  cent. 
remains  apparently  unaltered  (kinetic  equihbrium).  At  high  temperatures, 
the  HI  diminishes  steadily  and  every  temperature  correspondB  to  a  certain 
relation  between  HI,  H,  and  I.  It  is  evident  that  on  raising  the  tempera- 
ture a  dissociation  of  HI  into  its  components  occurs,  and  we  may  thus  suppose 
that  this  dissociation  takes  place  even  at  temperatures  lower  than  440°,  but 
up  to  that  temperature  the  quantity  of  HI  which  is  formed  is  greater  than  the 
amount  dissociated,  whilst  above  440°  the  quantity  of  HI  which  dissociates 
is  more  than  that  which  is  formed. 

The  degree  of  reaction  and  of  dissociation  is  constant  for  a  given  tem- 
perature. Thus,  on  heating  pure  hydriodic  acid  in  a  closed  tube  at  a  tempera- 
ture of  440°,  after  some  hours  21  per  cent,  of  it  is  found  to  be  dissociated  into 
H  and  I.  Now  the  state  of  equilibrium  for  a  given  temperature  and  pressure 
between  two  systems,  that  is,  H2  -h  I2  =  2HI  and  2HI  =  H2  +  Tj,  or 
Hj  +  Ij  :;=r  2HI,  is  reached,  when  in  unit  of  time  equal  parts  of  the  one 
system  are  transformed  into  the  other,  and  vice  versa. 

For  each  temperature  the  quantity  of  the  product  of  reaction  is  a  function 
of  the  time.  Thus  we  may  call  velocity  of  reaction  v,  the  change  of  con- 
centration of  one  of  the  components  of  the  system  per  unit  of  time  C,  and 

dG 
we  may  represent  it  thus  :  v  =  — . 

The  velocity  of  reaction  depends  upon  the  nature  of  the  substances  and 
upon  their  concentration  (or  active  mass)  because  the  greater  the  latter  the 
more  frequently  do  the  molecules  collide  and  combine.  The  number  of  impacts 
between  the  molecules  is  not  merely  proportional  to  the  concentration,  but 
also  to  the  velocity  of  the  molecules  and  therefore  to  the  temperature. 

If  we  suppose  the  temperature  to  be  constant  in  the  reaction  between  one  molecule 
of  Hj  and  one  molecule  of  I^  (=»  2HI),  and  denote  their  concentration  in  a  given  volume 
by  G^  and  G/^  then  the  velocity  of  reaction,  v,  will  be  proportional  to  the  concentration 
and  to  a  certain  constant  factor,  k,  or  coefficient  of  velocity  which  varies  for  each  reaction ; 
we  have  thus :  v  =»  k.G^  ,Gj .    For  the  more  complex  reaction 

H,0  +  NO,  +  NO  +  O2  =  2NO3H,  we  have  v  =  k.Cn^Q.C^o^.Gjfo.Co^, 

that  ia  to  say,  the  velocity  of  reaction  is  equal  to  the  product  of  the  concentrations 
multiplied  by  the  coefficient  of  velocity.  If  one  of  the  components  of  a  reaction  takes 
part  by  means  of  a  greater  number  of  molecules,  we  have,  for  example,  2H2  +  Og  =  2H2O, 
and,  therefore,  v  ^  k.G^  .Gjj  Cq  or  t;  =  k.(G^  )^'Go  • 

We  may  always  represent  a  general  chemical  reaction  between  the  substances  A, 
A',  A" . .  .  ,  apart  from  questions  of  energy,  by  the  following  equation  : 


•  •  .  . 


n^A^-n^A'^n^'A''^ =-  n,  5  +  n.^  B'  +  n,"  5"  + 

and  the  velocity  will  be  expressed  by :  v  =  itj  (C^r»'.(6'.i'r^'.(CA"r^" 

If  we  call  (C)"  the  activt,  mass  or  concentration  of  the  given  substance  and  suppose  it 
to  be  equal  to  1  in  the  preceding  equation,  then  v  becomes  k.  That  is,  k  would  be  the  velocity 
of  reaction  in  the  case  in  which  the  product  of  the  active  masses,  or  the  single  concentration, 
would  be  1. 

In  the  case  of  reversible  reactions,  equilibrium  occurs  when  the  velocity  of  reaction 
t?  of  a  system  is  equal  to  the  velocity  t/  of  the  system  which  represents  the  opposite  reaction, 
that  ia,  V  =»  t/f  or  : 

k^.(G^r^.(c^rr''(c\rr^'\. . .  -  k^G^r^,  (c^)*?^'-  (^L-r^" 
I  5 
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.^  .>.  „  i^rM^^:)^ •  (^^')"*"  •  -  •       ^1  _  ;r 

and  tnus  :  (C^)"!'.  (C^i.ri'.'CC^-'ri"  .  .  .  .  "  ifc,  "" 

the  logarithmic  solution  of  which  becomes  ^n^  log  Oj  —  ilnj  log  (7^  =  log  jfcj  —  log  fcg* 
and  combining  the  first  members  we  have  the  following  general,  simpler  expression : 
2n  log  G  =  log  K,  at  which  wo  may  also  arrive  from  thermodynamical  considerations  ; 
in  each  case  K  represents  the  constant  of  the  law  of  mass  or  of  the  isothermic  equilibrium. 

We  are  now  able,  without  penetrating  into  the  mystery  of  the  intimate 
nature  of  matter  and  without,  therefore,  being  able  to  really  define  the  affinity 
of  substances,  to  mathematically  represent  their  behaviour  in  all  their  varied 
transformations  by  making  use  of  this  general  equation  of  the  law  of  mass. 

From  this  equation  we  at  once  see  that  if  the  concentration  of  one  of  the 
reacting  bodies  increases,  for  example,  (7^,^  then  the  product  of  the  reaction 
must  also  consequently  increase,  for  example,  0^,  whilst  K  remains  constant. 
Thus  the  action  of  the  mass  is  mathematically  regulated,  and  the  equilibrium 
of  chemical  reactions  depends  upon  the  concentration  of  the  reacting  substances, 
that  is,  upon  the  relative  quantity  contained  in  unit  of  volume  and  not  on  the 
absolute  quantity  present  in  the  system. 

In  the  case  of  the  reaction  between  Hg  +  I2,  we  have  seen  that  a  limit 
is  reached  in  the  direction  of  the  reaction  Hg  +  I2  — *  2HI,  when  at  400° 
about  four-fifths  of  the  molecules  of  H^  and  I2  are  transformed  into  HI  ; 
and  for  a  given  temperature  equihbrium  of  a  homogeneous  system  (all  gases) 
occurs  when  the  molecules  of  H2>  l2»  ^^^  2HI  are  present  in  a  definite  pro- 
portion. But  if  we  now  use  a  chemical  reagent  to  fix  the  HI  in  such  a  manner 
as  to  separate  it  in  the  soHd  or  liquid  sta.te,  then  the  equilibrium  ceases  and 
a  further  number  of  molecules  of  H  and  I  are  transformed  into  HI  in  order 
to  re-establish  the  equiUbrium.  But  we  may  obtain  the  same  effect  of  trans- 
forming more  than  four-fifths  of  the  H  and  I  into  HI,  by  displacing  the  equili- 
brium in  another  sense,  namely,  if  in  the  same  volume  which  contains  the  mole- 
cules of  the  preceding  system  we  introduce,  for  example,  double  the  number 
of  molecules  of  hydrogen  (that  is,  if  we  increase  the  concentration  of  the  hydro- 
gen per  unit  of  volume) ;  the  probability  that  molecules  of  Hg  will  encounter 
those  of  I2  then  becomes  double,  and  thus  the  hmit  of  the  reaction  will  be 
increased,  whilst,  however,  the  velocity  of  the  reaction  in  unit  of  time  will 
remain  unaltered  under  the  new  conditions. 

On  applying  the  general  formula  of  the  law  of  mass  to  the  reversible 

(Cn,)  .  (Ci,)' 

by  increasing  the  concentration  of  the  hydrogen  or  of  the  iodine,  we  must 
increase  the  quantity  of  HI,  because  the  value  of  K  remains  constant. 

In  the  study  of  chemical  equilibria  we  may  distinguish  cases  of   m,onomolecular  and 

dimolecular  reactions.    In  the  same  case  of  hydriodic  acid,  if  this  is  dissociated  under  the 

action  of  sunlight,  then  the  action  is  monomolecular,  HI  =  H  +  I ;  whilst  if  it  dissociates 

under  the  action  of   heat,  the  reaction  becomes  dimolecular,  2HI  =  Hj  +  If      In  many 

dimolecular  reactions  the  reacting  molecules  are  different  from  one  another.      In  the  case 

of  monomolecular  reactions,  the  velocity  of  reaction  is  proportional   to   the   quantity  of 

undecomposed  substance,  and  if  the  number  of  molecules  of  the  substance  A  at  the  beginning 

of   the  reaction  is  indicated  by  a,  and  the  number  of  molecules  decomposed  in  a  very 

dz 
short  time  t  by  z,  we  find  that  the  velocity  of  reaction  -7-  =  k{a  —  z)  where  k  represents 

the  reaction  constant. 

In  the  case  of  dimolecular  reactions,  we  have  a  molecules  of  the  substance  A,  and  b 
molecules  of  the  substance  B,  and  then  in  a  very  short  time  the  molecules  which  have 
reacted  will  be  a  —  2  and  b  —  z,  and  we  arrive  at  the  equation  : 

dz 

-^  -  ki  {a  -  z)  (b  -  z) 


reaction  Hg  +  I2  ^^  2HI,  we  have  K  =   ,^    J^^ ,n_  v>  ^^^  ihyx^  we  see  that 
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where  k^  is  the  new  reaction  constant.      In  the  case  of  a  dimolecular  rea^ction  occurring 

between  equal  molecules,  for  example,  2HI  =  Ig  +  H,,  a  becomes   equal  to  b,  and  the 

dz 
equation  becomes :    37  =  ^  (**  "  ^)^- 

It  thus  becomes  possible  by  means  of  this  equation  to  discover  whether  a  reaction  is 
monomolecular  or  dimolecular.  On  integrating  this  equation  and  solving  for  values  of 
k  and  k^,  the  calculation  results  finally  thus : 

ib  =  -  log  and    «i  =  - 


a  —  z  t   a(a  -  z) 

Thusy  by  bringing  about  a  given  reaction  in  successive  measured  times  and  determining 
the  quantities  of  matter  dissociated  in  a  given  time,  then  by  trying  to  apply  one  or  other 
equation  one  is  able  to  establish  whether  the  reaction  is  monomolecular  or  dimolecular. 

If  we  consider  the  inverse  reaction  for  hydrochloric  acid,  that  is,  its  formation  from 
h^-drogen  and  iodine  on  heating,  we  have  H^  +  I2  ="  2HI,  and  if  2  be  the  number  of 

the  molecules  which  are  dissociated,  there  will  result  from  this  ^  molecules  of  hydrogen 

and  the  same  amount  of  iodine,  and  the  reaction  being  dimolecular  the  reaction-velocity 

will  be  A,  •  (  r  1   and  for  the  general  reversible  reaction  H,  +  Ij  :;=l  2HI,  we  will  have 

chemical  equilibrium  when  the  two  reaction  velocities  in  contrary  senses  are  equal : 


K(a-zf=k,llf    or    [^j 


4ibi 


Thus,  when  equilibrium  is  established,  whatever  may  be  the  concentrations  and  tem- 
peratures, the  relations  between  the  square  roots  of  the  quantities  of  dissociated  and  non- 
dissociated  substances  remains  constant. 

We  have  already  noted  that  the  velocity  of  reaction  depends  upon  the 
nature  of  the  substances  which  react  and  on  their  concentration,  but  we  have 
also  noted  the  influence  exerted  by  the  temperature.  This  increases  the 
velocity  of  the  molecules,  and  thus  of  their  mutual  impacts,  and  the  reaction 
velocity  conseqjaently  increases.  Van't  Hoff  has  experimentally  deduced 
for  many  substances  the  ratios  between  reaction  velocities  h^^  and  k^  for 
temperature  differences  ^  —  i  =  about  IC,  and  has  found  that  these  values 
are  generally  between  1-9  and  3-5,  that  is  to  say,  that  on  increasing  the 
temperature  by  10°  the  velocity  of  reaction  becomes  double  or  treble  or 
even  more  for  many  chemical  processes  {see  the  considerations  stated  on 
p.  62). 

CATALYTIC    PHENOMENA 

Now  that  we  have  studied  chemical  reactions  qualitatively  and  quantita- 
tively and  know  under  what  conditions,  in  what  sense,  and  up  to  what  point 
they  occur,  we  will  turn  to  an  interesting  category  of  phenomena  already 
known  in  the  time  of  Berzelius  and  utilised  during  the  last  few  years  in  im- 
portant industrial  processes,  but  which  even  to-day  remain  without  rigorous 
and  exhaustive  explanation. 

For  many  years  it  has  been  known  that  hydrogen  peroxide  (HjO,)  decomposes  slightly 
and  very  slowly,  when  allowed  to  stand  by  itself,  into  HjO  +  0,  but  Berzelius,  Schonbein, 
and  a  few  others  had  already  noted  that  on  adding  very  small  quantities  of  subdivided 
platinum  or  magnesium  dioxide,  the  decomposition  of  hydrogen  peroxide  occurred  very 
rapidly,  sometimes  causing  a  tumultuous  development  of  oxygen.  The  platinum  remains 
unaltered  and  transforms  an  indefinite  quantity  of  HJd^  into  11,0  +  0.  The  same  pheno- 
menon with  H2O2  may  also  be  induced  by  other  substances,  for  example,  by  pumice-stone, 
by  colloidal  metallic  solutions  {see  below),  by  blood,  or  more  exactly  by  a  ferment  (enzyme) 
called  catalase  contained  in  it.^ 

^  Th«  blood  of  variotu  animals  may  be  distingtmhed  by  the  degree  of  its  catalytic  action.^  On  pouring  1  c.c 
ol  Tariou  kinds  of  blood  into  1  per  cent,  hydrogen  peroxide  solution,  the  lollowiug  quantities  of  oxygen  in  c.c< 
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»The  case  is  the  same  for  hydrogen  and  oxygen.  These  two  gases  do  not  combine  at 
ordinary  temperatures  except  in  imperceptible  quantities,  and  after  120  hours  at  450° 
only  20  per  cent,  is  combined.  But  in  presence  of  very  small  amounts  of  platinum  sponge, 
the  reaction  occurs  rapidly  even  at  ordinary  temperatures  with  formation  of  water  without 
alteration  of  the  platinunu  Similarly  it  has  been  found  that  the  velocity  of  reaction 
also  varies  notably  with  simple  variation  of  the  vessels  in  which  it  is  pnxiuced.  The 
atmospheric  oxygen  does  not  react  even  on  heating  with  hydrochloric  acid  gas,  but  in 
presence  of  small  quantities  of  copper  sulphate  or  chloride  at  about  400°  reaction  occurs 
quickly  with  formation  of  chlorine  (industrial  Deacon  process).  Sulphur  dioxide  (SO2) 
does  not  react  with  the  oxygen  of  the  air  under  ordinary  conditions,  even  on  heating,  to 
form  sulphur  trioxide  (SO3),  but  in  presence  of  platinised  asbestos  at  450°,  99  per  cent,  of  the 
SO2  is  transformed  into  SOg  (industrial  process  for  the  manufacture  of  sulphur  trioxide). 

All  these  special  substances  which  accelerate  chemical  reactions  which 
would  even  take  place  spontaneously,  but  with  extreme  slowness  (measure- 
able  perhaps  only  after  many  years),  and  which  do  not  take  any  part  in  the 
reaction  and  are  found  unaltered  at  the  finish,  after  having  transformed 
a  very  large  quantity  of  the  substance,  were  called  by  Berzehus  catalysts  ; 
their  action  is  called  catalytic  action,  and  the  phenomenon  catalysis. 

Catalysts  are  not  able  to  induce  reactions  which  would  not  occur  alone 
at  all,  but  only  to  accelerate  those  which  can  occur  even  very  slowly,  without, 
however,  being  able  to  displace  the  conditions  of  equilibrium  of  a  chemical 
process.  If,  for  instance,  at  440°  the  reaction  between  H^  +  Ig  occurs  up  to 
79  per  cent,  in  the  sense  of  the  formation  of  HI,  at  lowered  or  higher  tem- 
peratures, at  which,  on  the  other  hand,  the  opposite  reaction,  that  is,  the 
dissociation  of  HI  into  H  and  I,  is  more  marked,  the  same  catalyst  will  then 
accelerate  this  opposite  reaction.  At  certain  temperatures,  ammonia  and 
hydrochloric  acid  unite  to  give  ammonium  chloride,  but  only  on  condition 
that  a  trace  of  water  vapour  is  present.  But  the  opposite  reaction,  that 
is,  the  dissociation  of  ammonium  chloride  into  NH,  and  HCl,  can  only  also 
occur  at  high  temperatures  in  presence  of  traces  of  water.  In  this  reaction, 
as  in  some  others,  it  is  always  water  which  acts  as  a  catalyst. 

It  has  been  supposed  that  catalytic  substances  form  very  unstable  intermediate  com- 
pounds with  the  reacting  substances,  and  that  by  their  decomposition  the  catalytic  sub- 
stances result  anew,  together  with  the  true  final  product  of  the  reaction.  But  in  many 
cases  it  has  not  been  found  possible  to  demonstrate  the  formation  of  such  intermediate 
products  and  Ostwald  prefers  to  compare  the  action  of  catalysts  to  that  of  lubricating  oil 
in  a  rotating  wheel,  which  turns  slowly  and  with  much  friction  when  oil  is  lacking,  but  turns 
much  more  rapidly  under  the  same  impulse  if  the  axis  is  lubricated,  although  the  lubricant 
takes  no  part  in  the  movement,  and  is  not  used  up. 

Those  reactions  in  which  it  has  been  shown  that  small  quantities  of  the 
supposed  catalyst  give  rise  to  unstable  intermediate  compounds  which  decom- 
pose with  great  rapidity,  such  as  have  been  recently  proved  to  exist,  even 
in  the  case  of  platinum  (which  gives  very  labile  oxides),  are  called  psevdo- 
catalytic  phenomena. 

So-called  negative  catalysts  are  also  known,  and  these  impede  or  prevent 
certain  reactions  which  would  otherwise  take  place  easily.  In  1898  Bigelow 
found,  for  example,  that  minimal  traces  of  mannite  or  of  certain  other  organic 
substances  completely  prevented  the  oxidisation  of  sodium  sulphite  by  oxygen. 

The  hypothesis  that  the  catalytic  phenomenon  depends  on  intermediate 
reactions  which  accelerate  the  phenomenon  compared  with  the  direct  reaction, 
and  the  practical  proof  of  the  existence  of  intermediate  reactions,  do  not 
suffice  to  give  a  general  explanation  of  catalytic  phenomena  ;  it  is  necessary, 
on  the  other  hand,  to  show  that  under  such  conditions  the  intermediate 

at  0*  and  760  mm.  are  developed  :  Human  blood,  710  c.c. ;  apes,  706  c.e. ;  horse,  288  c.c.  (venous)  and  438  c.c 
(arterial) ;  ox,  136  c.c. ;  goat,  58  c.c.  i  pigeon,  4  c.c.  The  catlly^tB  (catalaspH)  hi  the  blood  of  varioUB  an  mala 
vary,  but  those  of  man  and  of  the  apes  arc  the  same  (L.  van  Itallie,  1906). 
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reaction  proceeds  more  rapidly  than  the  direct  reaction,  and  even  in  that 
case  we  are  not  yet  able  to  explain  all  catalytic  phenomena,  especially  those 
which  hinder  the  reaction,  because  in  such  cases  if  a  reaction  occurs  more 
slowly  by  taking  place  by  means  of  intermediate  products,  it  is  natural  that 
this  should  tend  by  preference  to  take  place  in  the  direct  manner,  and  thus 
we  cannob  speak  of  the  catalytic  influence  of  intermediate  products  as  the€e 
are  not  formed. 

Euler  recently  propounded  the  hypothesis  that  the  velocity  of  reaction 
being  dependent  on  the  concentration  of  free  ions,  catalysts  had  the  property 
of  modifying  this  concentration.  This  hypothesis  is  capable  of  explaining 
many  reactions,  but  not  the  fact  that  in  certain  cases,  when  two  catalysts 
are  present  simultaneously,  the  reaction  velocity  increases  in  a  much  greater 
proportion  than  would  be  the  case  according  to  the  sum  of  the  actions  of  the 
individual  catalysts. 

All  substances  may,  perhaps,  be  specific  catalysts  for  certain  reactions, 
and  perhaps  all  reactions  are  more  or  less  cata]3rtic  reactions,  but  a  general 
and  positive  explanation  of  catalytic  phenomena  has  not  yet  been  given. 

AFFINITY 

By  affinity  is  understood  the  force  by  means  of  which  the  atoms  are  united 
with  one  another  in  the  molecule,  but  it  is  not  always  easy  to  determine 
this  force  in  practice.  Though  it  is  possible  to  have  sufficiently  precise  data 
in  such  cases  as,  for  example,  the  dissociation  on  heating  of  molecular  into 

atomic  iodine  I2 "  I  +  I,  this  is  not   the  case  in  reactions  which  take 

place,  firstly,  by  the  dissociation  of  all  the  reacting  molecules  into  atoms, 
followed  by  the  union  of  these  to  produce  new  molecules.  The  reaction 
velocity  does  not  serve  to  measure  chemical  affinity  because  it  varies  greatly 
with  the  temperature,  and  may  be  notably  increased  by  the  presence  of  a 
simple  catalyst^f  Berthelot  believed  it  to  be  possible  to  measure  affinity 
by  the  heat  developed  in  a  chemical  reaction.  And  although  by  the  third 
principle  of  thermochemistry  {see  p.  69),  those  reactions  take  place  by 
prefeifence  which  give  rise  to  the  greatest  development  of  heat,  thus  corre- 
sponding to  the  maximum  work,  this  is  only  generally  true  on  condition  that 
the  reaction  occurs  without  the  intervention  of  erfemal  energy,  as  otherwise 
it  would  not  be  possible  to  explain  the  formation  of  endothermic  compounds 
which  absorb  heat  during  their  formation.  We  can  thus  only  obtain  a  deter- 
mination of  the  affinity  by  measuring  the  change  of  free  energy  of  combina- 
tion,^ that  is,  the  heat  and  external  work  developed  in  the  formation  of  a 
substance  from  its  components. 

The  external  work  may  be  determined  in  an  isothermic  and  reversible 
chemical  transformation,  bearing  in  mind  the  thermochemical  law  of  Hess 
(p.  60).  By  establishing  the  relation  which  exists  between  the  change 
of  free  energy  and  the  temperature,  one  can  show  by  calculations  that  the 
dimimUion  of  total  energy  is  only  equal  to  the  change  of  free  energy  at  absolute 
zero,  because  by  lowering  the  temperature  of  a  body  from  dT  down  to  absolute 
zero,  all  the  heat  contained  in  it  is  transformed  into  other  forms  of  energy  ^ 
(see  pp.  25  and  59). 

*  The  free  energy  of  a  substAnco  is  that  part  of  the  t-otal  availablo  energy  which  can  be  tianHformed  into  another 
fonn  of  energy  (in  our  case  into  heat).  The  differenco  between  the  total  and  the  free  energy  is  the  cotfibined  energy 
and  the  ratio  between  this  and  the  absolute  temperature  is  called  the  entropy  (Clausius),  which  for  cvcr>'  sub- 
stance becomes  laq^er  as  its  temperature  is  further  removed  from  absolute  soro. 

'  If  we  denote  the  worlc  exercised  by  A^  and  the  thermal  effect  by  9,  wo  have  Ao  ==>  f  "t  and  in  order  to  cal- 
culate qo  it  is  sofllcient  to  know  the  thermal  effect  qT  of  the  reaction  at  the  temperature  T  and  the  specific  heat 
of  the  original  system  (Ci)  and  of  the  final  system  (On).  We  then  liave  q^  =>  qo  +  (Or  —  C\^\.  If  we  assume  that 
the  specific  heat  of  the  substance  is  equal  at  all  temperatures,  then  we  nuty  consider  the  change  of  free  energy 
as  a  linear  function  of  the  absolute  temperature.  Strictly,  however,  the  specific  heat  is  not  Independent  of  the 
temperatme  and  may  be  represented  by  the  empirical  formula  C  »  a  -f-  ^T  +  yT*  +  . . . 
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The  change  of  free  energy  in  a  reaction  represents  the  maximum  work  which  may  bo 
absorbed  by  the  system  if  all  the  work  is  transformed  into  chemical  energy.  But  it  is  not 
necessary  in  practice  that  all  the  work  should  be  used  in  every  case.  Thus  to  take  an 
analogous  case,  we  may  cool  a  liquid  below  its  freezing-point  by  taking  certain  precautions, 
in  such  a  manner  that  it  does  not  solidify  and  liberate  the  latent  heat  of  fusion,  having 
thus  abstracted  from  the  liquid  merely  the  quantity  of  heat  corresponding  to  its  specific 
heat.  Thus,  in  a  chemical  system  we  may  so  arrange  matters  that  all  the  heat  corresponding 
to  the  maximum  work  is  not  immediately  developed,  and  thus  intermediate  labile  chemical 
systems  are  formed. 

Ostwald  opposed  to  Berthelot's  principle  of  maximum  work  the  law  of 
successive  reactions^  according  to  which,  if  a  chemical  system  be  transformed 
into  various  others,  the  less  stable  systems  are  first  formed  (with  small  changes 
of  free  energy,  that  is,  with  a  minimum  evolution  of  heat),  which  are  succes- 
sively transformed  into  systems  more  and  more  stable.  Metastable  equilibria 
are  thus  produced  which,  however,  follow  the  common  laws  of  chemical  equili- 
brium. Thus,  on  reacting  with  chlorine  on  a  solution  of  sodium  hydroxide, 
we  are  able  to  obtain  all  the  following  successive  reactions  : 

I  II 


24NaOH  +  I2CI2    =     12NaOCl  +  12NaCl  +  (12  H^O)  = 

Bodium  hypochlorite   Bodium  chloride 

in  IV  V 

*  -  I  * 


4NaCIOs  +  20NaCl  =  SNaCIO^  +  2lNaCl  =  24NaCl  +  60, 

Bodiom  chlorate  Bodinm  perchlomte 

The  maximum  of  free  energy  is  contained  in  System  i  and  the  minimum 
amount  in  System  v.  In  consequence  of  these  successive  reactions,  it  is 
possible  in  practice  to  prepare  hjrpochlorites,  chlorates,  and  perchlorates,  even 
simultaneously ;  for  example,  by  electrolytic  methods. 


SOLUBILITY  OF  GASES  IN  LIQUIDS 

All  gases  dissolve  in  liquids  to  a  greater  or  less  extent.  It  was  found  by 
Henry  in  1803  and  1805  (and  confirmed  by  Bunsen  and  his  pupils  much  later, 
in  1855)  that  the  quantity  by  weight  of  a  gas  absorbed  or  dissolved  by  a 
given  quantity  of  liquid  varies  with  the  nature  of  the  gas  and  of  the  liquid, 
but  for  a  given  gas  and  a  given  liquid  is  proportional  to  the  pressure  to  which 
the  gas  is  exposed.  Since  the  volume  of  a  gas  is  inversely  proportional  to  the 
pressure,  we  may  say  that  a  .given  quantity  of  liquid  always  absorbs  the  same 
volume  (not  the  same  weight)  of  a  gas  whatever  may  be  the  pressure.  If  we  call 
the  quantity  by  weight  of  gas  which  is  present  in  unit  volume  of  the. gas  or 
of  the  liquid  its  concentration,  we  may  then  say  that  the  concentration  of 
the  dissolved  gas  is  proportional  to  the  concentration  of  the  compressed  gas 
in  the  space  above  the  liquid,  and  this  proportion  or  ratio,  called  the  co- 
efiicient  of  solubility  of  the  gas,  remains  constant  at  all  pressures  and  becomes 
smaller  as  the  temperature  is  raised,  that  is  to  say,  the  solubility  of  gases 
diminishes  with  rise  of  temperature.  This  law  is  apparently  only  true 
for  gases  which  do  not  combine  chemically  with  the  liquid,  and  in  general 
for  small  concentrations  and  small  pressures.  But  by  making  use  of  the 
phase  rule,  which  will  be  explained  later,  we  shall  be  able  to  include  the  apparent 
exceptions  of  gases  which  are  partly  combined  with  the  liquid,  and  we  shall 
see  that  Henry's  law  may  be  considered  as  a  particular  case  of  the  phase 
rule,  that  is,  when  the  gas  in  the  gaseous  phase  and  in  the  liquid  has  the  same 
molecular  weight. 

In  1807,  Dalton  showed  that  this  law  is  also  true  for  gaseous  mixtures, 
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and  that  each  component  of  the  mixture  is  absorbed  in  proportion  to  the  ratio 
in  which  it  is  present  in  the  mixture,  or,  in  other  words,  in  the  proportion  in 
which  it  would  be  absorbed  if  the  other  components  of  the  mixture  were  not  present, 
and  it  were  present  alone  in  unaltered  quantity  occupying  the  whole  of  the  volume, 
in  which  case  it  would  thus  be  present  at  a  reduced  pressure. 

If,  for  example,  in  100  litres  of  a  gaseous  mixture  at  a  pressure  of  gne  atmosphere,  we 
have  20  litres  of  carbon  dioxide,  the  pressure  due  to  the  carbon  dioxide  (partial  pressure) 
is  x^'  ^^^  ^^>  »  ^^  ^^  atmosphere,  and  the  quantity  of  carbon  dioxide  dissolved  in  the 
water  present  in  the  same  vessel  as  the  gas  is  the  same  as  would  be  dissolved  if  the  other 
gases  did  not  exist,  and  the  volume  of  100  litres  were  occupied  exclusively  by  the  20  litres 
of  carbon  dioxide,  in  which  case  this  would  be  present  at  a  pressure  of  \  of  an  atmosphere. 
If  in  the  100  litres  of  the  gaseous  mixture,  60  litres  of  carbon  dioxide  were  present  at  a  total 
pressure  of  one  atmosphere,  the  pressure  of  the  carbon  dioxide  would  be  J,  that  is,  ^^^^ 
of  an  atmosphere,  that  is,  \  that  of  the  total  gaseous  pressure  In  this  case  the  quantity 
of  carbon  dioxide  absorbed  is  the  same  as  would  be  absorbed  if  the  carbon  dioxide  only 
were  present  throughout  the  same  volume  at  a  pressure  of  \  atmosphere.  In  every 
case  then  the  quantity  of  carbon  dioxide  absorbed  depends  upon  the  partial  pressure  exer- 
cised by  this  gas  in  the  mixture  and  its  partial  pressure  is  in  the  same  ratio  to  the  total 
preesore  as  the  volume  of  the  carbon  dioxide  is  to  the  total  volume  of  the  gaseous  mixture. 
Practical  illustrations  of  this  law  will  be  found  in  the  chapters  on  the  industries  of  liquid 
carbon  dioxide,  and  catalytic  sulphur  trioxide,  &c. 

Dalton  believed  that  the  absorption  of  gases  occurred  because  their  particles  entered 
into  the  intermolecular  spaces  of  the  liquid,  and  this  was  in  harmony  with  the  fact  that 
the  absorption  is  proportional  to  the  pressure,  but  in  this  case  the  various  gases  should  be 
absorbed  to  the  same  amount  by  the  same  liquid,  which  is  not  the  case  ;  but  the  hypothesis 
becomes  still  more  absurd  when  one  remembers  that  the  absorption  becomes  less  with 
elevation  of  the  temperature,  which  increases  the  intermolecular  spaces.  To-day,  on  the 
other  hand,  it  is  admitted  that  a  certain  attraction  takes  place  between  the  molecules  of 
a  gas  and  those  of  a  Uquid  by  means  of  which  the  particles  of  gas  are  at  first  partially 
drawn  into  the  liquid,  but  that  these  attracted  gas  particles  are  in  turn  detached  from  the 
liquid  surface  and  that  equilibrium  and  saturation  are  established  when  the  number  of  gas 
molecules  attracted  by  the  liquid  is  equal  to  the  number  which  are  detached  in  the  same 
period  of  time  in  virtue  of  the  kinetic  energy  which  they  possess,  that  is,  when  the  gas  in 
the  liquid  and  above  it  is  at  the  same  pressure.  The  law  of  Henry  is  more  rigorously 
explained  by  means  of  the  phase  rule  and  of  mathematical  expressions  of  the  equilibrium  of 
various  chemical  systems,  as  will  be  explained  later. 

Bunsen  determined  the  coefficient  of  absorption  of  gases  by  liquids,  that 
is,  the  volumes  of  gas  reduced  to  0°  and  to  normal  pressure  absorbed  by  unit 
volume  of  the  liquid  under  normal  pressure. 

All  the  gases  dissolve  with  more  or  less  evolution  of  heat  and  the  solu- 
bility for  a  given  gas  is  diminished  when  a  solid  substance  is  dissolved  in  the 
liquid. 

Certain  irregularities  shown  by  certain  gases  at  low  temperatures  disappear 
at  high  temperatures.  It  has  also  been  observed  that  on  diminishing  the 
pressure  on  the  gas  above  the  liquid,  the  total  quantity  of  the  gas  corresponding 
to  Henry's  law  is  not  immediately  liberated,  but  that  a  kind  of  supersaturation 
continues  for  some  time,  and  is  only  removed  by  agitating  the  liquid  or  by 
introducing  a  porous  body  which  carries  down  air  in  its  pores. 

The  question  whether  the  gas  absorbed  by  a  liquid  is  present  as  such  or 
in  the  liquid  state  has  not^been  settled,  and  although  the  gas  and  the  liquid 
form  a  homogeneous  miicture,  the  particles  of  gas  appear  to  ret  am  their 
gaseous  character,  provided  that  one  does  not  descend  below  the  critical 
temperature  of  any  individual  gas,  in  which  case  one  would  have  to  admit 
that  the  gas  must  be  Uquefied. 

SOLUBILITY  OF  GASES  IN  SALT  SOLUTIONS.  This  phenomenon  has 
been  studied  from  a  biological  standpoint  in  order  to  see  in  what  manner 
carbon  dioxide  and  oxygen  are  absorbed  by  the  blood,  which  may  be  considered 
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as  an  aqueous  solution  of  various  salts,  more  particularly  of  sodium  chloride. 
This  work  has  been  carried  out  more  particularly  by  Fernet  (1858), 
Heidenhaim,  and  L.  Meyer  (1857-1863). 

When  a  chemical  reaction  occurs  between  the  salt  and  the  gas,  Henry's 
law  caimot  be  applied.  In  other  cases  it  can.  In  this  way  the  fact  is  explained 
that  the  eagle  is  able  to  live  even  in  very  high  atmospheric  regions  where 
the  air  is  rarefied,  as  the  oxygen  is  not  held  according  to  Henry's  law,  but  by- 
means  of  chemical  reactions. 

MATTER  IN  THE  LIQUID  STATE 

The  difference  between  a  gas  and  a  liquid  consists  in  the  fact  that  the 
volume  of  a  gas  varies  proportionately  and  without  limit  with  increase  or 
diminution  of  pressure,  whilst  the  volume  of  a  liquid  only  varies  to  a  limited 
extent  about  a  certain  constant  point. 

Liquids,  like  gases,  consist  of  very  mobile  particles  which  transmit  pressure 
in  all  directions  and  adapt  themselves  completely  to  the  form  of  the  containing 
vessel.  Whilst  the  attraction  between  the  molecules  of  a  gas  is  almost  non- 
existant,  in  a  liquid  this  attraction  overcomes  the  kinetic  energy  of  molecular 
motion  and  the  molecules  of  a  liquid  are  thus  unable  to  escape  ;  but  they, 
are  not  firmly  united  to  one  another  but  travel  over  one  another,  the  distance 
between  individual  molecules  remaining  constant,  even  though  they  travel 
about  in  this  manner.  Thus  in  liquids  an  indifEerent  equilibrium  is  established 
between  the  molecules. 

Liquids  are  compressible  to  a  minimal  degree,  and  therefore  do  not  follow 
regular  laws  as  do  gases  with  regard  to  temperature  and  pressure,  as  has  been 
shown  by  the  work  of  Amagat  (1886)  and  also  of  Pagliani  and  Vicentini  (1883). 

The  specific  gravity  or  density  of  a  liquid  is  given  by  the  ratio  between 

the  weight  of  a  given  volume  of  the  Uquid  and  that  of  an  equal  volume  of 

water,  measured  at  a  temperature  of  4**  (maximum  density  of  water),  or  more 

simply  the  specific  gravity  S,  is  given  by  the  relation  between  the  weight 

(P)  and  the  volume  (F)  of  the  same  liquid  (because  the  volume  expressed 

in  c.c.  also  expresses  the  weight  in  grammes  of  an  equal  volume  of  water) 

p 

■=z  =  S.    Since  it  is  not  convenient  to  work  at  temperatures  of  4°,  there  is  a 

general  agreement  to  determine  the  specific  gravity  at  temperatures  of  15° 
referred  to  water  at  4°  as  unity,  and  then  the  circumstances  are  indicated 

by  the  following  symbols  at  the  side  of  the  specific  gravity  (-75^)-      The 

reciprocal  value  of   the  specific  gravity  is  called  the  specific  volume  (w?), 

(thus  -^  =  wL  and  indicates  the  volume  occupied  by  unit  weight  of  the  given 

liquid. 

The  specific  gravity  is  commonly  determined  with  pyknometers  and  areo- 
meters, or  with  the  Mohr-Westphal  balance. 

PYKNOMETERS.  These  are  of  various  types.  The  simplest  is  that  of  Stohmanny 
and  is  formed  of  a  glass  flask  of  any  size  from  25  to  300  c.c.,  dosed  by  a  ground  stopper,  the 
centre  of  which  is  traversed  by  a  capillary  tube.  The  dry  apparatus  is  exactly  weighed 
to  at  least  the  nearest  milligramme  (=P),  then  filled  with  distilled  water  at  15°,  and  the 
stopper  well  closed,  when  the  excess  of  liquid  is  displaced  by  the  tap  it^self,  and  by  means 
of  the  capillary  tube  which  remains  full.  It  is  then  well  dried  externally  and  accurately 
weighed  (=  P').  The  pyknometer  is  then  emptied,  dried  in  an  oven,  or  more  quickly 
by  washing  with  a  little  alcohol  and  then  with  ether,  and  is  then  filled  in  the  same  manner 
with  the  liquid  under  examination  at  the  temperature  of  15°.  It  is  again  dried  outside 
and  exactly  weighed  (-  P").     Then  P'  -  i^  is  the  weight  of  the  water  and  P"  -  P 
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ihe  wei^lv  of  on  equ&l  volume  of  the  liquid  under  examination.    The  spooifio  gravity 

P"  -  P 
S  =  -^ — .    When  greater  exactitude  is  required,  this  formula  muBt  be  corrected  by 

comparison  with  wat«t  at  4°,  and  for  weights  in  vacuo,  because  the  weighta  P"  and  P 
m  smaller  than  the  leaUty,  as  the  pyknometei  fall  of  liquid  displaces  a  corresponding 
Tolame  of  air.  If,  therefore,  we  indicate  by  d  the  density  of  water  at  the  temperature  (, 
it  which  the  weighings  were  made,  and  by  X  the  mean  weight  of  1  c.c  of  ur  (0'0012  gr.), 


the  corrected  fornmla  becomes  : 


P'  - 


p(rf-X)  +  X.' 


A  pyknometer  which  is  very  convenient  and  exact  because  the  temperature  of  the  liquid 
al  any  instant  is  also  given  by  means  of  the  included  thermometer,  is  that  illurtrated  in 
Fig.  20.     This  is  iirst  weighed  empty  in  the  usual  manner,  then  filled  with  water,  and  then 
with  the  liquid  under  examination,  filled  up  to  the  mark,  m,  on 
the  capillary  tube  at  the  side.     If   the  liquid  rises  slightly  above 
tlte  mark,  it  is  removed  with  a  small  pieoe  of  hiter  paper. 

A  simpler  and  more  exact  form,  particularly  for  small  quan- 
tities of  liqnid,  is  Sprengel's  pyknometer  (1873)  formed  of  a  simple 
U-tulic  (Fig.  21)  with  capillary  ends,  which  is  filled  aft/r  weighing 
np  to  the  mark,  m,  by  sucking  up  the  liquid  from  tho  one  epd  in 
Ihe  method  indicated  in  the  lower  portion  of  the  figure. 

HOHR'S  BALANCE  (1853)  vwdified  by  Wai^hid  (Fig.  22). 
This  instrument  is  baaed  on  the  principle  of  Archimedes,  according 
to  which  a  body  immersed  in  a  liquid  apparently  loses  weight,  that 
is,  is  impelled  upwards,  by  aa  amoimt  equal  to  the  weight  of  the 
water  displaced.  If  a  glass  body  of  constant  volume  is  mispended 
by  a  very  thin  platinum  wire  and  first  weighed  in  the  air  and 
tben  again  when  immersed  in  distilled  water  at  15°,  and  again 
weighed  when  totally  immersed  (that  is,  up  to  the  same  point  on 
the  wire)  in  another  liquid,  the  specific  gravity  of  which  is  to  be 
determined,  the  diminutions  of  weight  found  when  immersed  in 
water  and  in  the  liquid  under  examination  indicate  tho  weights 
of  equal  volumes  of  the  two  Uquids,  The  ratio  between  these  two 
weights  givee  the  specific  gravity  as  we  have  seen  above. 

In  practice  the  work  is  carried  out  in  the  fallowing  manner. 
Ihe  glass  body  provided  with  a  thermometer  ia  first  hung  on 
10  the  hook  at  the  right-hand  end  of  tho  beam  of  the  balance, 
after  which  it  is  adjusted  horizontally  by  turning  tho  screw,  S,  as 
in  Euch  a  way  that  the  two  points  at  K  are  in  horizontal  alignment.  Wo  have  thus 
equihbrium  in  the  air.  When  tho  glass  body  is  immersed  in  distiUod  water  at  15°  it  is 
ueoesaary  to  hang  the  rider  A'  on  the  beam  in  order  to  bring  it  back  to  a  horixontol  portion, 
as  is  seen  in  the  figure,  and  thus  we  have  the  weight  of  water  •=  1.  If,  on  the  other  hand, 
■e  immerse  the  glass  body  in  a  liquid  heavier  than  water,  then,  in  order  to  bring  the  beam 
lo  the  same  zero  point,  we  must  place  other  weights  on  tho  beam  (the  weighta.  A,  B,  G, 
giro  the  first,  second,  and  third  decimala  respectively)  as  may  be  clearly  seen  from  tho  two 
eumples  in  Fig.  23.  In  the  case  of  liquids  lighter  than  water,  the  weight  A  suffices, 
sod  thus  we  have  the  arrangement  illustrated  in  the  same  Fig.  23  to  the  right.     Wo  may 
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even  estimate  the  fourth  decimal  figure  approximately  if  the  weight  C  is  placed  on  the  beam 
between  one  number  and  the  other.  If  the  spedfia  gravity  at  15°  is  to  be  referred  to 
water  at  4°,  it  is  necessary  to  multiply  by  0'99912  (specific  gravity  of  water  at  15°,  tee  the 
table  on  p.  73). 

HYDROMETERS.  Hydroiuetera  aro  much  naed  in  commerce  and  also  industrially, 
and  their  discovery  was  due  to  the  philosopher  Hypatia  of  Alesaadria,  about  the  year 
400.  There  ore  hydrometers  of  constant  volume  (Nicholson)  and  hydrometers  of  constant 
weight.    These  latt«r  aro  the  most  used. 

Their  employment  for  the  determination  of  the  specific  gravity  of  liquids  is  based  on 
the  tact  that  a  floating  body  of  constant  weight  and  of  stable  form  it  immersed  in  a  liquid 
will  displace  a  weight  of  the  Iatt«r  equal  to  its  own.  Hydrometers  ore  ordinarily  formed 
of  small  glass  cylinders  suitably  graduated  and  weighted  below  by  means  of  mercury  or 
lead  shot  so  that  they  fioat  in  a  vortical  position  when  immersed  in  the  liquid.  (See 
below,  figure  of  Baum^'a  hydrometer.)  The  thinner  the  stem  the  more  exact  are  the  leaults. 
For  exact  determinations  the  scale  is  read  by  slightly  immersing  the  dry  hydrometer 


Fro.  21. 
into  the  liquid  in  such  a  way  that  this  is  not  moistened  above  the  graduation  corresponding! 
to  the  correct  specific  gravity,  or  the  liquid  is  carefully  poured  into  the  cylinder  containing 
the  hydrometer,  in  such  a  manner  that  the  part  of  the  stem  which  remains  above  the 
liquid  is  not  moistened  (if  the  stem  of  the  hydrometer  above  the  liquid  is  wetted,  the 
instrument  weighs  more  and  the  reading  is  inexact). 

Hydrometers  ore  constructed  for  liquids  heavier  than  water  and  for  liquids  lighter 
than  water,  and  the  scale  is  rational  when  the  indications  are  in  direct  accordance  with 
the  specific  gravity  (centesimal  hydrometer  of  Gay-Lussac),  or  it  is  empiriail,  in  which 
ease  the  specific  gravity  has  to  be  deduced  from  corresponding  tables  (hydrometers  of 
Baum^  Beck,  Sic),  or  calculated  from  formalEe.  They  are  called  densimeters  when  the 
specific  gravity  is  directly  indicated  on  the  scale. 

The  centesimal  hydrometer  of  Gay-Lossac  gives  the  specific  gravity  of  a  liquid  heavier 
or  lighter  than  water  by  dividing  by  100  the  figure  given  on  the  stem  at  the  point  up  to 
which  it  sinks.1 

'  Tho  BTile  ol  a*y-Lusuc'>  centc*[nul  hydrometer  Is  callbntcd  by  immcnlDg  tbe  InBtinment,  the  lutuUr 
stemol  which  ii  open  st  I  he  top,  In  iliaCiUcd  vutcr  at  ib'  and  TFinhtlng  it  Ui  sncb  an  extent  that  it  fl«l9  with 
about  hall  the  length  ol  the  Btem  ImiDencd.  This  point  Is  called  100°.  Tbc  weliibt  ol  wat«r  diapUced  al  this 
momont  la  given  by  the  weight  of  the  gla™  appamtua  r  plus  the  weight  ol  the  mercury  p.  H  wo  then  add  si  ill 
more  mercury  p'  to  the  hydrometer  bo  that  r  +  p-  =  S  (r  +  p).  we  will  have  to  Indicate  the  point  to  which  it 
slnlu  by  £00°,  because  the  volume  or  weight  ot  water  displaced  wlU  be  doubled.  Hie  open  endollboatem  la  thni 
sealed  in  a  blair-plp«.  On  now  dividing  the  space  between  100  and  200  Into  100  paita.  and  also  eonlhiulng  the 
dlvinloni  In  the  oppoaitc  direction,  that  li,  below  the  100°  mark,  wo  will  have  a  scale  which  will  give  the  ipeclHr 
gravltlea  ol  tiquids  heavier  or  lighter  than  water.  If.  tor  example,  we  Immerse  the  hydnmeter  In  a  liquid  which 
Indicates  80°,  we  ate  able  to  say  that  the  displaced  liquid  (80  parti  by  volume)  weighs  as  much  as  100  parts  of 
water,  because  tho  weight  of  the  hydrometer  Is  cotiatant ;  and  II  we  Indloite  the  weight  ol  1  part  of  water  by  1, 
an  equal  volums  of  the  liquid  under  eonilderatlon  (that  Is,  lU  speolBc  cnvity)  will  be  ^  -  Vii.     If  tb* 
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Spe«nal  hydrometera  are  also  coDstructcd  foi  particular  liquids  or  Bolutione  (sugar, 
gincose,  glycerine,  alcohol,  &c.),  wMch  give  direct  readings  on  the  scale  of  the  percentage 
of  the  dissolved  snbstajice,  and  it 
is  obvious   that  in   ench  cases  a 
special  hydrometer  is  required  for 
each  partjoular  kind  of  liquid. 

The  most  generally  used  of 
these  are  the  cenfesima!  alcoholi- 
meten  of  Gay-Luaaac  (1820-1824) 
sod  of  TralicB  (1811),  which  show 
dirertly  on  the  scale  the  per- 
I'mtage  by  volnme  of  alcohol  con- 
Uined  in  admixture  with  more 
or  iME  wat«r.  The  first  is  com- 
mooly  oscd  in  IVance,  Germany, 
ind  It*Iy,  whilst  that  of  TVallcs, 
■ith  a  scale  corrected  by  &ix,  is 
oSdally  TO«d  in  Germany  and  by 
the  Italian  customs.* 

Hydrometers  of  constant  weight 
and  with  an  empirical  scale  arc 
mndi  used  in  practice  for  the 
detnmination  of  the  density  of 
Kilations  of  acids,  salts,  &c.,  and 

the  most  commonly  used  of  these  Pio.  22. 

to-day  are  thoee  of  Baum6  (1768) 

utd  of  Beck  (1803),  both  for  liquids  heavier  and  lighter  than  water.     In  recording  observa- 
tions indicating  de^ees  of  these  hydrometers  it  is  necessary  to  state  whether  they  refer  to 


liquids  lighter  or  heavier  than  water,  Ijecaiise  the  same  figures  may  refer  to  the  one  or  to 
the  other  (Fig.  24).  The  graduation  is  made  by  starting  from  distilled  water  and  from  a 
Rait  solution  of  known  specific  gravity  {see  note  bdotv).     The  specific  gravity  is  obtained 
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:t  that  Trallen  determhied  the  epecillc  gravity  ol 
■nrmal  temperature  ol  1S'5«°C.  ('-  00°  F.),  and  then  reterred  theie  Ut  equal  volumes  ol  water  at  4°  ;  or.  accord- 
inn  to  t  he  corrtctiona  of  Brli  (nfflelally  used  in  Germany  and  also  by  the  lUlian  Cuetomstoc  alcohol),  the  specific 
eratity  Is  relened  to  that  ol  water  at  the  same  tcrapetature  of  IS'SH".  Oiy-Lnsaac's  degrees,  on  the  other  hand, 
referred  lo  the  trmperalnre  ol  1I>°  and  to  water  at  15°.  Strictly  speaking,  the  true  EipcclBc  gravlly  ie  found  neither 
in  Ihe  one  cue  nor  In  the  other,  because  I  c.c.  of  water  at  15°  weighs  a'W912  gr..  and  Fischem  (1872)  prspareCI 
romct«d  lablts  by  multiplying  tbe  centesimal  desren  by  0'9991Z,  but  these  have  not  been  practically  applied 
iDdwtrlillr. 

Klchler  la  OcnnaDr  and  Lejeane  in  France  (1S72)  prepared  centialmal  alcoholimelcn  which  gave  the  direct 
percenUge  weights  ol  alcohol,  but  theae  have  not  met  with  success. 

II  Deed  h^rdljr  he  pointed  out  that  alcohol Lmnteri  can  only  be  used  for  mlrtures  of  alcolKil  and  water  and 
not  iDT  aloobaUe  liquids  locb  aj  wine,  beer,  and  sphits,  la  which  other  suhstancei  are  present  which  Influence  the 
•peclftc  fr>*Hy, 
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from  the  readings  of  these  hydrometers  by  means  of  tables  or  very  simple  formulae.  The 
relationship  between  Baum6  degrees  (abbreviated  B^.)  for  liquids  heavier  than  water  will 
be  found  in  a  later  table  in  the  chapter  on  Sulphuric  Add,  and  for  liquids  lighter  than 
water  in  the  chapter  on  Ammonia.^ 

The  boiling-point,  evaporation,  distillation,  &c.,  are  very  important  in  connection 
with  the  study  of  liquids,  but  we  will  consider  the  laws  of  heat  and  the  optical  phenomena 
in  their  relation  with  liquids  in  connection  with  the  study  of  organic  substances  (Vol.  IT., 

Organic  Mixture). 

We  will  merely  mention  that  while  gases  give  spectra 
containing  well-marked  luminous  lines,  the  corresponding 
liquids,  on  the  other  hand»  give  continuous  spectra,  which, 
however,  contain  dark  lines  in  place  of  the  liuninous 
lines  of  the  corresponding  gas.  Therefore,  as  the  gas 
gradually  approaches  the  liquid  state  the  characteristic 
luminous  lines  of  its  spectrum  become  enlarged  until 
they  coalesce  with  one  another,  giving  a  complete  spectrtun 
containing  dark  absorption  bands. 

The  action  of  polarised  light  passing  through  liquids 
is  also  characteristic  of  certain  substances.  It  forms  an 
extensive  and  important  branch  of  physical  chemistry 
which  is  of  special  importance  for  organic  substances,  and 
will  be  studied  in  the  second  volume  of  this  work. 

The  capillary  phenomena  of  liqiuds  are  in  a  certain 
relation  with  their  chemical  composition,  but  no  suffi- 
ciently general  laws  have  yet  been  found  to  enable  one 
to  deduce  important  results. 

We  will  find  out  some  important  laws  on  studying  the 
FiQ.  24.  solutions  of  salts  or  other  substances  in  liquids.     We  will 

thus  arrive  at  new  cmd  simple  methods  for  determining  the 
molecular  weight  of  many  substances,  even  of  such  as  cannot  be  converted  into  vapour. 

It  is  sometimes  useful  to  know  the  specific  heat  of  liquids  or  solutions,  and  we  therefore 
give  the  following  convenient  and  practical  table  for  this  purpose : 

SPBCIPIC  HEAT  OF  LIQUID  SUBSTANCES  AND  SOLUTIONS 
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Ammonia  liquid    . 
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0-960 

»»              »»         ■*"  /o 

10"-16" 

1*015 

23%       . 

18*» 

0*847 

0"-15" 

0-992 

Calcium  chloride  41%    . 

23*'-80'' 

0*636 

Formic  acid 

20"-80' 

0*517 

QO/ 

20-51° 

0*955 

Aniline 

15° 

0-514 

Magnesium  chloride  29% 

22''-52" 

0*682 

»»               • 

60" 

0*529 

9'fio/ 
»t                        fl            *  w  /o           • 

18"'-52'' 

0-959 

Benzene  C5H6 

10" 

0*407 

Sodium             „        24% 

18" 

0*791 

>• 

50" 

0*450 

6%        . 

19"-46" 

0-944 

Chloroform  . 

0" 

0-232 

„       sulphate  30%    . 

24''-100'' 

0*781 

>*           ... 

60" 

0*238 

»»                    »»              *  /o      •             • 

14" 

0-976 

Hexane  Q{H]4 

0"-50" 

0*627 

Calcium  nitrate  48%      . 

20"-50" 

0-625 

Acetic  acid   . 

20"-60" 

0*512 

„      4-4%     . 

20'-50* 

0-951 

„    60/:      . 

22"-62* 

0-778 

Sulphur  dioxide  liquid  . 

0" 

0-317 

Qlycerine 

15"-50" 

0*576 

»»            f>         »i        .         . 

40" 

0-342 

50/        . 

15"-50 

0*813 

•»            »»         »»        -         . 

155" 

2-200 

Methyl  alcohol 

15"-20" 

0*601 

Sulphuric  acid  pure 

20" 

0-345 

„       20  ' 

7"-ll" 

1-07S 

It           t>       «i          •         • 

50" 

0-359 

Nitrobensene 

10"-15" 

0*848 

ft                n      oil  ,o           •             • 

6"-22" 

0-832 

Palmitic  acid,  liquid 

65"-104" 

0*653 

no/ 
»f                »»         •'  ,o           •             • 

5". -22' 

0-960 

Carbon  disulphlde 

80" 

0*240 

Hydrochloric  acid  17% 

18" 

0-749 

i»                 »» 

80" 

0*260 

»»                »•       2  /^ 

18" 

0-965 

Petroleum    . 

21"-58" 

0*611 

Nitric  acid  58%    . 

20"--50" 

0-655 

Olive  oil 

6" 

0-471 

*  The  scale  of  Baum6*8  hydrc 
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STUDY  OF  DILUTE  SOLUTIONS 

OSMOTIC  PRESSURE.  The  study  of  liquids  acquires  new  importance 
when  extended  in  a  special  manner  to  dilute  solutions. 

About  the  year  1750  the  AbW  NoIIet  obBcrvod  that  when  a  beakei  filled  with  spirits 
a  doeed  by  an  animal  membrane  and  immeraed  in  water,  tlie  membrane  swells  and   eome- 
tiaxs  bursts.     This  observation  was  forgotten  by  everybody  and  was  rediscovered  as  a 
new   thing    by  Parrot  in   1815,  by  W.  Fisclier   in   1822,   and   "by 
Itatrochct  in  1827.    This  fact  was  classified  as  an  osmotic  pheno- 
nenoo,  and   IJebig  in   1848  endeavoured  to  explain  by  this  means 
the  movement  of  the  liquids  in  the  animal  organism. 

We  will  DOW  internet  this  phenomenon  aooorduig  to  modem 
conceptioDS: 

If  water  is  poured  on  to  the  top  of  a  strong  solution  of  sugai, 
an  internal  movement  of  the  hquid  at  once  takes  place,  and  the 
molecolea  of  sugar  pass  from  the  concentrated  solution  into  the 
aiperpoeed  liquid  tmtU  eqnihbiiam  is  established,  when  the  two 
solutions  have  the  same  concentration.  If  from  the  first  a  porous 
membiane  only  permeable  by  water  and  not  by  the  sugar  molecules 
U  placed  between  the  concentrated  solution  and  the  layer  of  water, 
then  the  Bugar  molecules  which  have  a  tendency  to  diffuse  into  the 
superposed  liquid  coUide  with  the  membrane,  ezerdsing  a  pressure. 
Since  the  phenomenon  is  an  ordinary  process  of  osmosis,  this  ptes- 
sure  is  called  otmatic  pressure. 

In  1867  l^ube  prepared  artificial  semi -permeable  membranes 
of  this  kind  by  means  of  the  films  which  form  at  the  surface, 
limiting  two  superposed  solutions,  one  of  copper  sulphate  and  the 
other  of  potassium  feirocyamde.  In  1877  W.  Ffefier  prepared 
rigid  membranes  by  producing  the  precipitate  of  copper  ferrooyauide 
directly  in   the  pores  of  an  unglazed  porcelain  cell  (battery  cell).  p,g  25. 

Iheee  rigid  osmometers  perfected  by  Naccari  in  1898,  and  provided 
with  a  manometer,  serve  for  the  study  of  this  important  phenomenon  of  osmotic  pressure 
(Fig.  25). 

On  jdocing  inside  the  porous  cell  of  the  osmometer  a  1  per  cent,  solution 
of  sugar,  and  immersing  the  whole  in  water,  the  manometer  ahows  after  a 

>Ufi  tad  10  puta  ol  aodium  clUuriae,  st  tbs  temperature  ol  IT'S",  and  by  10"  thg  Imiaorfllnn-poLiit  In  distilled 
wiUcT  Bt  ttB  s*me  tempcistDia.  Tba  apuo  from  0^-10'  ta  divided  Into  10  aqiul  pula  Lnd  tliflo  coutlaucd  Op  ta 
Ibe  top  of  tba  Item,  md  thU  glva  tbe  m&xlmma  number  ot  degrees  lor  llgtatcr  Jlqulda.  In  tbe  scalfl  of  the  hydro- 
msUT  tor  Uquidi  heivler  Cbu  water,  the  Immenion- point  la  diatUIed  wiit«r  it  ladicsted  by  W  at  (he  top  ol  the 
arm,  and  the  linmailoa-polnt  In  ■  lolutlua  produced  bom  Sa  part*  by  welgbt  u[  voter  and  1!>  parts  ot  mdluoi 
chloride  st  a  tempentuie  ot  1Tb'  li  Indicated  at  Hi',  Ttiu  EiNice  between  0°  and  1S°  Is  divided  into  l!i  parts,  and 
ttnc  diviisiona  an  aoatlnued  down  tbe  stem  aa  lar  aa  about  70°. 

Witb  tbe  first  hydiometer  water  Is  ludlested  by  10°  and  with  the  soDOnd  by  tf,  and  thug  it  la  necesaaty  to 

In  Beclc'i  hydronuter,  on  the  other  hand,  tbe  lero-polnt  at  about  the  middle  ol  the  stem  Indlealea  the  speclDc 
gravity  of  dialllieil  watei  at  a  tsmpenituco  of  IS'&°  and  30°  the  point  ol  immenloa  in  a  sollltlan  the  BpoelOe  gravity 
o(  which  is  O860.  The  space  (rom  0°  to  30"  Is  divided  Into  30  parU,  and  tbe  same  dlvlslona  aio  eontinued  both 
above  aod  below  tbe  aero-polnt.  Here  also,  U  it  Is  not  cleariy  expressed,  the  same  degree  mayrelertoaliquld 
Jlgbt^r  Of  beavier  than  watar. 

In  onler  to  loduce  the  degreea  (n)  ot  these  bydrometete  to  the  eoirapondlog  ipeolflc  gravity  fS),  the  foUowlng 

Icmnula  most  be  used.  For  rational  B*.hydtometen  for  liquldsheavi<Mtban  water,  S=  — .  andlorthos* 

lighter  than  water  S  =  jjj:^-—;  In  Beck's  hydrometer  lor  liquids  heavier  than  water  S -=^  -i^^^,  and  lor 
tboK  lighter  than  water  3  -  ,.!,"°  ■  ■ 

Very  occaalonaUy  aaother  hydrometer  Is  used  la  France  lor  aleobollo  liquids  and  extract,  namely.  Cartirr's 
hydrometer,  which  dlBon  very  rilghUy  (mm  that  ol  IM.— the  10°  polnta  correspond  on  the  two  hydrometera,  and 
2t'  Cart,  equal  31°  hi. 

In  KDgland  especially,  lor  liquids  heavier  than  wstci  Twaddel'e  hydrometer  (Tw.)  ie  used,  and  the  speelflc 
gravity  S  li  converted  Into  degree  Tw.,  (■)  by  Uie  lormula  n  (5  —  I).  3O0,  or  rie*  IWM.  Tw.  degrees  are  obtained 
Irsm  tbe  apecKlo  gravity  by  the  lormnla  3  "  -^— — '  The  loUowlng  relatlonahiCB  exist  between  degreen  Bt. 
and  degna  Tw. :  O*  Bt,  —  0" 
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little  time  a  pressure  of  about  two-thirds  of  an  atmosphere  (493  cms.  of 
mercury).  If,  on  the  other  hand,  a  2  per  cent,  sugar  solution  is  placed  in. 
the  osmometer,  the  pressure  is  double,  that  is,  it  is  1^  atmospheres ;  with  a> 
3  per  cent,  su^ar  solution  the  pressure  is  treble,  that  is,  it  is  2  atmospheres, 
and  in  the  same  way  with  a  6  per  cent,  sugar  solution,  a  pressure  six  times 
greater  than  that  obtained  with  a  1  per  cent,  solution  is  obtained. 

Various  hypotheses  have  been  proposed  to  explain  this  interesting 
behaviour,  by  van't  Hoff  (1885  to  1895),  Ostwald  (1891-93),  Nemst  (1883-93), 
Pupin  (1889),  Bredy  (1889),  Lothar  Meyer  (1890),  and  later  by  Nasini,  Pickering 
(1890),  Boltzmann  (1890),  Naccari  (1893),  Magnanini  (1894),  Moore  (1895), 
and  the  writer  in  1895.  Some  of  these  authors  maintained  that  the  osmotic 
pressure  must  be  due  to  the  particles  of  the  dissolved  substance,  whilst  the 
solvent  which  is  able  to  enter  and  leave  the  osmometer  freely  could  not  exercise 
any  pressure.  Others,  on  the  other  hand,  held  the  exactly  opposite  opinion 
and  said  that  the  osmotic  pressure  was  entirely  due  to  the  solvent.  Others 
finally  accepted  neither  the  one  explanation  nor  the  other,  but  said  that 
even  in  open  vessels  there  should  be  a  large  osmotic  pressure  of  the  solution 
and  that  the  walls  of  the  vessel  ought  necessarily  to  be  broken  (Pupin).  All 
these  doubts  were  cleared  up  later,  and  it  was  shown  that  even  in  open 
vessels  many  properties  of  solutions  are  in  strict  accordance  with  the  osmotic 
pressure.  A  logical  explanation  of  osmotic  pressure  may  be  found  by  the 
following  argument,  which  unites  the  views  of  all  the  above-mentioned 
authors,  and  also  explains  the  apparent  exceptions  or  abnormalities  of  osmotic 
phenomena. . 

We  will  imagino  a  Pfeffer  osmometer  (porcelain  cell,  &c.),  semi -permeable,  of  one  litre 
capacity  and  full  of  a  gas,^,  which  is  not  able  to  escape.  If  we  now  surroimd  the  ccU 
by  another  gas,  B,  which  is  able  to  penetrate  into  the  cell,  the  manometer  will  indicate 
two  atmospheres'  pressure  (one  from  the  gas  A  at  ordinary  pressure,  and  one  from  the  gas 
B).  We  now  suppose  that  the  osmometer  is  varnished  with  an  ideal  substance  which 
has  the  property  of  preventing  the  exit  of  the  internal  gases  A  and  B,  but  permits  the 
entrance  of  a  third  gas,  C,  The  manometer  will  then  indicate  three  atmospheres' 
pressure. 

On  varnishing  the  cell  with  another  ideal  substance  which  permits  a  fourth  gas,  D,  to 
enter  without  allowing  the  three  first  gases  to  escape,  a  pressure  of  foiu*  atmospheres  will 
be  indicated.  EquiUbrium  is  established  for  the  last  gas,  D,  which  has  free  access  when 
as  many  molecules  enter  the  osmomeiter  as  leave  it.  In  order  to  understand  under  what 
conditions  this  last  gas,  D,  is  present  in  the  interior  of  the  osmometer,  which  indicates 
four  atmospheres  of  pressure,  although  the  gas  D  communicates  with  the  outside  where 
the  same  gas  D  is  at  one  atmosphere's  pressure  only,  we  will  imagine  one  litre  of  the  gas  D 
to  be  enclosed  in  an  impermeable  cylinder  provided  with  a  piston,  at  the  ordinary  atmo- 
spheric pressure.  If  we  now  reduce  the  volimie  to  a  quarter  by  means  of  the  piston,  the 
pressure  will  become  four  atmospheres.  This  gas  is  now  imder  equal  or  analogous  con- 
ditions to  the  gas  D  contained  in  the  osmometer,  together  with  the  other  gases.  In  fact 
the  difference  between  the  gas  D  in  the  cylinder  at  one  atmosphere  and  the  same  gas  in 
the  osmometer  at  four  atmospheres  consists  in  this,  that  in  a  given  volume,  in  1  c.c.  for 
example,  four  times  as  many  molecules  are  present,  and  thus  the  average  distance  between 
the  molecules  is  four  times  as  small. 

But  in  the  osmometer,  the  gas  D  mixing  with  the  other  three  gases  is  present  imder 
the  same  conditions,  that  is,  it  has  only  one-quarter  of  the  total  space  at  its  disposal,  whilst 
the  other  three-quarters  are  occupied  by  the  other  three  gases.  The  distance  between  the 
molecules  of  the  various  gases  taken  together  is  only  one-quarter,  because  in  1  c.c.  in  the 
interior  of  the  osmometer  the  number  of  the  molecules  is  four  times  greater  than  those  in 
the  gas  D  outside  at  a  pressiu*e  of  one  atmosphere  only.  Wc  also  know  that  the  pressure 
is  due  to  the  number  of  impacts  which  the  molecules  produce  on  the  walls  and  also  that 
the  gas  D  has  free  entry  and  exit  and  that  as  many  molecules  enter  as  escape.  In  the 
interior  these  molecules  collide  with  other  molecules  and  are  not  always  able  to  arrive 
at  the  pores  whence  they  escape,  and  the  difficulty  from  this  cause  is  fourfold,  because  in 
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I  e.c.  four  times  the  number  of  molecules  are  present  compared  with  1  c.c.  of  the  internal 
gas ;  and  as  equal  numbers  of  molecules  of  the  gas  D  are  always  escaping  and  entering 
at  a  pressure  of  four  atmospheres,  the  gas  D  inside  must  of  necessity  be  at  four  atmospheres' 
pressure,  and  thus  as  only  a  fourth  part  of  the  molecules  is  in  a  position  to  arrive  at  and  collide 
vith  the  walls  in  imit  of  time,  they  must,  therefore,  collide  four  times  as  many  times  with 
the  walls  because  the  distance  between  the  molecules  is  four  times  smaller,  and  the  possi- 
bility must  exist  to  collide  more  often  with  the  pores  by  means  of  which  they  escape. 

Now,  always  remembering  that  the  total  internal  pressure  is  due  to  the 
sum  of  the  partial  pressures  exercised  by  the  individual  gases,  it  is  a  logical 
and  justifiable  hypothesis  that  the  gas  D  inside  is  present  at  four  atmospheres' 
pressure,  together  with  the  other  gases,  whilst  outside  it  is  at  a  pressure  of 
one  atmosphere.  The  same  hypothetical  experiment  which  we  have  made 
with  gases,  using  the  osmometer,  will  also  explain  very  well  the  behaviour 
of  solutions.  Turning  to  the  sugar  solutions  of  1  per  cent.,  2  per  cent.,  3  per 
cent.  ...  6  per  cent.,  we  may  very  well  affirm  that  the  osmotic  pressure 
is  due  to  the  sugar  molecules,  but  is  exerted  by  the  solvent,  water,  which 
penetrates  into  the  interior  of  the  osmometer. 

It  is  now  clear  to  us  that  we  may  consider  the  osmotic  pressure  as  the 
sum  of  the  impacts  produced  by  the  dissolved  substance  and  by  the  solvent 
and  that  it  is  thus  of  a  kinetic  nature.  The  causes  of  the  manifestation  of 
osmotic  pressure  are  to  be  found  in  the  mechanical  combination  represented 
schematically  by  the  osmometer,  which  may  be  replaced  by  a  vegetable 
ceU,  &;€.,  a  combination  constituted  in  its  entirety  of  molecular  particles  of 
various  sizes  (solvent  and  dissolved  substance)  endowed  with,  continuous 
movement,  contained  in  a  semi-permeable  receptacle  (permeable  for  the 
solvent  only)  and  by  the  solvent  which  surrounds  this  receptacle. 

Now  wherever  in  nature  a  similar  or  analogous  combination  is  present, 
we  will  obtain  an  osmotic  pressure.  It  appears,  in  fact,  that  the  rise  of  the 
sap  to  extraordinary  heights  in  the  most  gigantic  trees  (the  height  of  eucalyptus 
trees  reaches  160  m.)  is  due  to  osmotic  phenomena  which  occur  between  the 
vessels  carrying  the  sap  and  the  vegetable  cells,  as  was  shown  by  the  brilliant 
experiments  of  the  Dutch  botanist  de  Vries  in  1884.  In  1909  Bigelow  and 
fiartel  determined  the  size  of  the  pores  of  an  unglazed  porcelain  plate  by 
closing  a  non-porous  vessel  with  this  plate  and  then  compressing  water 
inside  it  until  it  issued  from  the  pores.  From  the  pressure  necessary  for 
this  purpose  with  the  aid  of  Jurin's  law,  they  calculated  the  size  of  the  pores. 
They  were  thus  able  to  establish  that  a  sugar  solution  shows  the  phenomena 
of  osmotic  pressure  if  the  porcelain  cell  of  the  osmometer  has  pores  of  a  diameter 
lower  than  0-37  /x. 

Solutions  of  different  substances  of  equal  concentration  by  weight  produce 
different  osmotic  pressures.  De  Vries,  however,  succeeded  in  preparing 
isotonic  solutions,  that  is,  solutions  which  exerted  the  same  osmotic  pressure, 
by  dissolving  various  quantities  of  solvent,  and  the  importance  of  the  dis- 
covery of  de  Vries  consists  of  this,  that  isotonic  solutions  are  always  equi- 
molecular,  that  is,  solutions  which  contain  the  various  substances  dissolve 
in  the  proportion  of  their  molecular  weight  in  equal  volumes  of  the  solvent, 
that  is,  which  contain  the  same  number  of  molecules  all  exercise  the  same 
osmotic  pressure. 

But  this  is  nothing  else  than  the  law  of  Avogadro  as  enunciated  for  gases  in  another 
form,  as  according  to  this  law  equal  volumes  of  different  gases  under  the  same  conditions 
of  temperature  and  pressure  contain  equal  numbers  of  molecules,  and  the  weights  of  these 
gases  are  thus  in  the  same  ratio  as  their  respective  molecular  weights  {see  below,  the  demon- 
stration of  the  relation  which  exists  between  osmotic  pressure  and  the  pressure  of  gases). 

It  is  thus  evident  that  by  means  of  the  osmotic  pressure  we  have  in  our 
hands  a  method  of  determining  the  molecular  weight  of  substance.     In  fact, 
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if  the  osmotio  pressure  exercised  by  a  solution  containing  the  molecular 
weight  in  grammes  of  a  known  substance  in  a  given  volume  is  known,  and 
if  we  then  dilute  or  concentrate  solutions  of  substances  of  unknown  molecular 
weight  in  the  same  solvent  until  they  exercise  the  same  osmotic  pressure,  -w-e 
will  then  know  that  equal  volumes  of  these  solutions  contain  the  same  number 
of  molecules  as  are  contained  in  equal  volumes  of  the  solution  of  the  kno\>'n 
substance. 

For  his  determinations  de  Vries  used  vegetable  cells  by  immersing  them  in  solutions 
of  various  concentration,  and  thus  obtained  at  will  various  osmotic  pressures.  The  cells 
of  tradescarUia  diacolor,  of  curcuma  rvhricaulia,  and  even  blood  corpuscles  (Hamburger), 
are  well  suited  for  this  purpose.  We  may  see  imder  the  microscope  that  if  these  cells  are 
immersed  in  a  saline  solution  more  concentrated  than  the  protoplasmic  Uquid,  the  hyaloplasm 
contracts.  If,  on  the  other  hand,  the  saUne  solution  is  more  dilute,  the  cell  swells  until 
itfl  envelope  sometimes  even  bursts.  This  phenomenon,  called  plasmolysis,  was  used  by 
de  Vries  to  determine  the  molecular  weight  of  various  substances. 

In  1887  van't  Hoff  showed  that  isotonic  (equimolecular)  solutions^  remain   isotonic 

even  if  the  temperature  is  varied,  and  more  precisely  he  found  that  the  osmotic  pressure 

is  proportional  to  the  absolute  temperature.     Thus  to  such  isotonic  solutions,  when  very 

dilute,^  the  general  formula  may  be  applied  which  expresses  the  laws  of  Boyle  and  Gay- 

Lussac,  according  to  which  the  product  of  the  pressure  (P)  and  the  volume  ( V)  is  equal  to 

the  product  of  a  constant  (E)  and  the  absolute  temperature  (T),  that  is  to  say,  P  V  =  B  T, 

PV 
For  all  gases  the  constant  R  is  equal  to  84,780  (that  is,  B  »»  -=-,  see  p.  26). 

If  in  place  of  P  in  this  formula  we  introduce  the  osmotic  pressure  of  a  1  per  cent,  sugar 
solution  at  0°  (273°  absolute),  that  is,  the  pressure  of  a  column  of  mercury  of  49-3  cms. 
equivalent  to  671  gr.  [that  is,  49*3  x  13*6  (weight  of  I  c.c.  of  mercury)]  as  was  obtained  by 
Pfeffer,  we  then  know  that  the  molecular  weight  of  sugar  expressed  in  grammes  (342) 
at  1  per  cent,  dilution  will  occupy  a  volume,  F,  of  34,200  c.c.  and  the  formula  will 
become: 

R  =-  ?^m^  =  84.100. 

Thus  we  see  that  the  constant,  E,  deduced  from  the  osmotic  pressure  may  be  consid^'ed 
equal  to  the  gas  constant,  and  that,  in  fact,  the  quantity  of  sugar  in  solution,  if  it  could  be 
transformed  into  a  gas,  would  exercise  a  pressure  equal  to  the  osmotic  pressure  of  that 
solution. 

We  may  thus  visualise  this  action  of  the  solvent  by  supposing  it  to  assist  in  the  separation 
of  the  sugar  molecules  from  one  another  by  carrying  them  to  such  a  distance  apart  that 
the  same  quantity  of  sugar  will  be  found  as  would  be  present  in  the  same  volume  of  vapour 
if  the  solvent  were  absent.  Or  again,  if  we  take  one  Utre  of  alcohol  vapour  which  weighs 
about  1^  grms.,  the  molecules  are  present  at  a  certain  characteristic  distance  from  one  another, 
which  is  characteristic  of  alcohol  in  the  gaseous  condition.  If  we  now  take  another  I^  grnxs. 
of  alcohol,  that  is,  the  same  number  of  molecules  of  alcohol  as  before,  and  dissolve  them 
in  a  Utre  of  water,  the  molecules  of  alcohol  will  be  present  at  the  same  distance  from  one 
another  as  was  the  case  in  the  gaseous  state ;  and  we  may  say  in  general  that  the  solvents, 
in  the  case  of  dilute  solutions,  produce  a  species  of  gassification  of  Uquid  and  soUd  sub- 
stances (as  had  already  been  suggested  by  Bosenstiehl  in  1870). 

^The  determination  of  molecular  weights  by  means  of  osmotic  pressure 
is  very  suitable  for  all  indifferent  substances,  but  gives  abnormal  results 
in  the  case  of  acids,  bases,  and  salts,  especially  if  these  are  dissolved  in  water. 
We  will  see  below  how  these  exceptions,  which  are  due  to  the  dissociation 
of  the  dissolved  molecules,  have  been  brilliantly  explained. 

SURFACE  TENSION  OF  LIQUIDS.  At  their  surface,  Uquids  contain 
a  layer  of  molecules  which  are  present  under  different  conditions  from  those 
in  the  interior  of  the  mass,  and  give  rise  to  various  phenomena  W'hich  w-e  may 

*  We  make  the  reservation  that  the  eolations  must  be  very  dilute,  because  this  law  has  also  a  Umitation  and 
is  only  true  for  great  dilution?,  junt  as  the  law  for  gases  and  vapours  is  only  true  when  these  aro  studied  at  tem- 
peratures far  from  their  point  of  condensation. 


o 
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explain  provisionally  by  the  following  hypothesis.  In  the  interior  of  a  liquid 
the  molecules  are  present  in  equiUbrium,  because  they  collide  with  one  another 
in  several  directions  (from  above,  from  below,  and  from  the  sides),  and  there- 
fore there  must  be  an  enormous  latent  internal  pressure  due  to  the  impacts 
between  the  molecules  of  the  liquid.  This  pressure  is  balanced  by  the  attrac- 
tion which  exists  between  these  same  liquid  molecules.  The  molecules  at  the 
surface  only  receive  impacts  from  the  molecules  below  and  to  a  certain  extent 
from  the  sides,  but  receive  no  impacts  from  above,  and  if  they  do  not  evaporate 
it  is  because  of  the  molecular  attraction  by  the  molecules  below  (Fig.  26). 
These  surface  molecules  are,  however,  transformed  into  vapour  with  about 
half  as  much  work  as  the  others,  and  therefore  have  a  tendency  to  escape 
from  the  liquid  with  great  facility,  forming  vapour.  In  any  case  they  possess 
certain  properties  which  are  manifested  in  various  w^ays. 

This  force  at  the  surface  of  liquids  shows  itself  as  a  tendency  to  diminish 
their  surface  area,  and  thus  as  a  tendency  to  form  spheres,  and  more  precisely 
as  a  tendency  to  become  concave  when  the  liquid  moistens  the  walls  of  the 
receptacle  and  convex  when  it  does  not  moisten  them.    These  special  forces 
act  on  the  surface   as   though   the   liquid  itself  were 
enclosed  in  a  stretched  elastic  film  which  tended    to 
contract.*     In  capillary  phenomena  this  surface  tension 
of  liquids  manifests  itself  by  the  rise  of  a  column  of 
the  liquid  in  a  capillary  tube  until  the  weight  of  this 
liquid  column  is  in  equihbrium  with  the  surface  ten- 
sion at  a  certain  height.    Mendelejew  (1860),  Quincke 
and  Duclaux  Stephan  (1886),  and  specially  R.  Schiff 
(1884),  found  that  certain  stoichiometric  relations  may 
be  deduced  between  various  substances,  but  they  were  ^<>-  26. 

not  able  to  deduce  a  general  law,  although  for  certain 

groups  of  substances  the  rise  of  the  liquids  in  capillary  tubes  is  the  same 
for  equal  molecular  weights  ;  for  example,  isobutyl  alcohol,  ether,  &c. 

VAPOUR    TENSION    OF   SOLUTIONS   AND 
MOLECULAR   WEIGHTS 

Water  boils  and  is  transformed  into  steam  when  its  vapour  tension  is 
equal  to  the  atmospheric  pressure.  Water  containing  a  salt  in  solution  boils 
at  a  higher  temperature,  so  that  we  find  that  the  vapour  tension  is  diminished 
by  an  amount  which  becomes  greater  as  the  amount  of  salt  in  solution  increases, 
the  rise  in  the  boiling-point  being  proportional  to  the  diminution  of  the  vapour 
tension  of  the  solution. 

This  fact  akeady  noted  by  Faraday  (1822),  by  Griffith  (1824),  and  by 
Legrand  (1835)  was,  however,  first  methodically  studied  by  Gay-Lussac  and 
then  by  von  Babo  in  1849-1857,  and  by  Wullner  in  1856-1860,  and  it  was 
also  found  that  the  diminution  of  the  tension  is  the  same  at  whatever  tem- 
perature the  exx)eriment8  are  conducted. 

The  diminution  of  the  vapour  tension  produced  by  1  grm.  of  various  sub- 
stances on  the  solvent  water  was  then  determined. 

In  1883-1884,  Ostwald  suggested  that  the  diminution  of  the  vapour  tension 
should  be  referred  to  a  weight  of  the  substance  representing  the  molecular 
weight,  and  that  the  diminution  of  the  molecular  tension  would  then  have  a 
constant  value.     In  1885  Tammann  showed  experimentally  that  the  molecular 

»  Thus,  if  from  the  clean-ground  end  of  the  glass  tube  of  a  pipette  held  horizontally  drops  of  a  liquid  are  allowed 
to  foTm,  these  anume  a  spherical  form  in  falling,  and  also  if  a  drop  of  a  liquid  is  removed  from  the  action  of  gravity 
by  being  dropped  into  another  liquid  of  the  same  density  with  which  it  does  not  mix,  the  drop,  instead  of  extend- 
in«  on  the  liquid  surface,  contracts  and  forms  a  floating  spherical  drop.  Similarly,  when  mercury  is  thrown  on 
to  a  flat  solid  it  collects  into  small  spherical  drops  on  account  of  its  surface  tension. 

I  6 
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decrease  of  the  vapour  tension  is  equal  for  analogous  salts  dissolved  in  water, 
but  notable  differences  were  found  in  the  case  of  different  salts. 

In  1886  Baoult  made  numerous  experiments  in  the  barometric  vacuum,  employing 
other  solvents  instead  of  water,  and  he  obtained  results  of  very  wide  and  general  besolng 
which  fully  confirmed  the  prophecy  of  Ostwald  (1883).  In  this  way  we  have  at  our  disposal 
another  very  convenient  method  of  determining  the  molecular  weight  of  a  very  large 
nimiber  of  substances,  simply  by  observing  the  decrease  in  the  vapour  tension  of  tlie 
solvents  on  dissolving  such  substances,  by  determining,  that  is,  their  relative  boiling- 
points.     This  also  is  a  limited  law  which  is  only  true  for  very  dilute  solutions. 

If  we  denote  the  vapour  tension  of  the  solvent  by  /  and  that  of  the  solution  of  g  grammes 
of  the  substance  by  /^,  then  f  —  f  indicates  the  absoltUe  decrease  of  the  vapour  tension, 

f  -f  .     . 
whilst  — 7 —  indicates  the  relative  decrease  which  remains  constant  at  all  temperatures  as 

was  shown  experimentally  by  Baoult  in  1886.  If  we  then  indicate  by  A;  a  constant  which 
represents  the  relative  decrease  for  concentrations  of  1  grm.  of  substance  per  unit  volume, 
we  will  have  for  g  grammes : 

We  know  that  equimdlecular  solutions  have  an  equal  vapnar  tension^  that  is  to  say, 
the  molecular  lowering  of  the  vapour  tension  of  various  substances  dissolved  in  the 
same  solvent  is  a  constant  quantity,  or  in  order  to  obtain  an  equal  decrease  of  the 
vapour  tension  it  is  necessary  that  a  given  quantity  of  a  dissolved  substance  should  be 
dissolved  in  quantities  of  different  solvents  which  are  in  the  same  proportion  to  one  another 
as  the  respective  molecular  weights  of  these  substances.  Now  the  lowering  of  the  vapour 
tension  is  independent  of  the  nature  of  the  solvent  and  of  the  dissolved  substance,  and 
is  a  function  of  the  number  of  molecules  of  the  solvent  (N)  and  of  the  substance  (n) 
only.  The  ratio  between  the  vapour  tension  of  the  solution  and  that  of  the  solvent  is 
the  same  as  that  which  exists  between  the  number  of  the  molecules  of  the  solvent  (iV) 

and  the  number  of  the  molecules  of  the  solution,  N  +  n,  that  is,  -r  ■=  t^ ;  and  as 

f       N  +  n 

the  relative  decrease  of  the  vapour  tension  of  a  solution  corresponds  to  the  relative  number 

n  f  -f  n 

of  the  molecules  of  the  dissolved  substance  -rz ,  we  have:  — z —  =-  -zz ,  that  is. 

N  +  n  f  iV-4-  n  * 

the  relative  decrease  of  the  vapour  tension  of  a  solution  is  equal  to  the  ratio  between  the 

number  of  molecules  of  the  dissolved  substance  and  the  total  number  of  molecules  in  the 

solution.     Since,  however,  we  do  not  in  practice  know  the  absolute  number  of  the  molecules, 

we  must  introduce  into  this  formula  the  corresponding  relative  number,  which  we   can 

easily  do,  and  can  always  find  it  by  dividing  the  weight  of  the  substance  {g)  and  of  the 

•Tr='  N ;  on  substituting  these  values  for  those  really  known  in  the  preceding  general 

formula,  and  taking,  for  simpUcity's  sake,  a  quantity  of  solvent  in  grammes  expressed 
by  the  molecular  weight  so  that  N  =  1,  we  obtain  the  formula : 

/-/'  m  g 


m 


or  inversely  the  ratio :  *  _  *,  = >  »»d  we  thus  obtain  the  following  value  of  m  : 

fg  fg        I'f-n      rg 


"^"^/Tr"^"/^"^ 


"J  \      jg 

-r/f-r 


fg 
Now  by  means  of  this  general  formula    m  =  t  __  f*  w®  ^^*^  always   determine    the 

molecular  weight  of  any  substance. 
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Let  OS  take  an  example !  11-346  gnus,  of  turpentine  oil  were  dissolved  in  100  grms.  of  ether. 
Before  the  addition  of  the  turpentine,  the  vapour  tension,  /,  of  the  ether  was  38'30  cm. 
of  mercnryy  whilst  that  of  the  solution/'  was  36-1  cm.,  and' thus /  -  /'  =  2 '29.  We  must 
DOW  refer  the  weight  of  the  dissolved  substance  not  to  100  grms.  of  ether,  but  to  the  number  of 
grammes  indicated  by  the  molecular  weight  of  ether  (=  74) ;  and  thus  the  value  g  will  be 
ijbtained  from  the    following    proportion:    100  :  11-346  =»  74  :  g,  and  thus  g^  8*396. 

On  introducing  this  value  in  the  general  formula,  wo  have :    m  =  5-5^ =  132, 

and  this  molecular  weight  is,  in  fact,  very  close  to  the  theoretical  molecular  weight,  which 
is  138. 

EBULLIOSCOPIC  METHOD  OF  DETERMINING  MOLECULAR 
WEIGHTS.  It  is  not  convenient  in  practice  to  determine  the  vapour  tensions 
of  varioas  solvents  and  solutions  at  the  same  temperature,  whilst  on  the 
other  hand  it  is  much  easier  to  determine  at  which  temperature  the  solution 
and  the  solvent  have  the  same  vapour  tension.  The  atmospheric  pressure 
is  taken  as  the  constant  vapour  tension  ;  then  the  solvents  and  the  solutions 
will  have  the  same  vapour  tension  when  they  overcome  the  atmospheric 
pressure,  that  is,  when  they  boil.  In  this  case  the  temperature  is  given  by 
the  boiling-point  of  the  solvent  and  of  the  solution. 

Eaoult  had  already  shown  that  the  diminution  of  vapour  tension  of  a 
solution,  compared  with  that  of  the  solvent,  was  proportional  to  the  rise 
of  its  boiling-point,  compared  with  that  of  the  solvent,  and  thus  in  calculating 
the  molecular  weight  from  the  diminution  of  vapour  tension  we  may  sub- 
stitute for  this  the  rise  of  boiling-point. 

From  the  general  formula '' — j^  »  -— we  may  deduce  that  for  a  solution  formed 

/  N  X  n  '' 

from   99  gramme-molecules  of  solvent  and  1  gramme-molecule  of  the  substance,  the 

depreaBion  of  the  vapour  tension  of  the  solvent  is  equal  to  one-hundredth  of  the  ordinary 

prefisore,  to  which  a  certain  rise  of  the  boiling-point  of   the  solvent  corresponds,  and  if 

this  rise,  due  to  one  molecule,  is  multiphcd  by  100,  we  obtain  the  so-called  molecular  increase 

of  the  boiling-point,  which  we  indicate  by  8,    This  value  is  equal  to  28*44°  in  the  case  of 

ether,  that  is,  one  molecule  of  any  substance  whatever  dissolved  in  99  molecules  of  ether 

raises  the  boiling-point  of  this  liquid  by  0*2844^     If  g  grammes  of  a  substance  are  dissolved 

in  the  weight  corresponding  to  1  mol.  of  the  solvent  (74  grms.  for  ether),  then  if  the  increase 

A 
of  the  boiling-point  is  A,  and  the  molecular  increase  is  8^  we  have  :  ^  «  —  m,  and  from 

g 
this  we  can  deduce  the  molecular  weight,  m,  of  the  unknown  substance  m  =»  iS  -r.     Each 

solvent  has  its  own  characteristic  constant,  8^  which  may  easily  be  determined,  once  for 
all,  by  emplojdng  a  substance  of  known  molecular  weight. 

On  the  other  hand,  these  constants  (for  ether  »  28*45)  instead  of  being  referred  to  the 
molecular  weight  of  the  solvent  (ether  =»  74),  may  for  convenience  be  referred  to  100  grms. 
of  the  solvent  (and  the  value  then  diminishes  as  the  dilution  is  increased).  We  have  then 
for  ether  the  inverse  proportion  :  28*44 :  100  =  a; :  74,  and  thus  for  ether,  8  becomes  21*2. 
On  calculating  the  value  of  8  in  the  same  manner  for  various  other  solvents  we  find : 
aniline  *»  32-2  ;  phenol  «  30*4 ;  water  =»  6-2  ;  benzene  =  26*7  ;  alcohol  —  11*5  ;  chloro- 
form «•  36*6  ;  acetic  add  =  26*3  ;  carbon  disulphide  =  23*7  ;  ethylene  bromide  =  63*2  ; 
nitrobenzene  =  60  ;  ethyl  acetate  «  25*1  ;  acetone  =  16*7  ;  cydohexane  =27*5  (Mas- 
caielli,  1908). 

g 
Thus  if  T 18  the  specific  rise  per  O  grammes  of  solvent,  we  find  that  per  one  gramme  of 

g  g  '100        , 

solvent  the  rise   will  be  — ,  and  for  100  grammes  of  solvent,  it  will  be     .  ^  ,  and  we 

thus  arrive  at  the  general  formula,  M  ^  8       ^   ,  where  all  the  values  are  known  and 
determinable.     In  1889  Arrhenius  found  from  thermodynamical  considerations  that  a 
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relation  exists  between  thia  conataiit,  S,  the  latent  heat  of  evaporation  of  the  eotvent, 
and  its  absolute  boiling-point. 

In  1889  Beokmann  devised  a  very  practical  apparatus  for  the  determination  of  molecular 
wcight«  according  to  the  above  formula. 

FoFdilutesolutionstherearedifEerencesofl"  or  2°  between  the  boiling-point  of  the  solvent 
and  of  the  solution,  and  very  exact  thermometers  are  thus  necessary.  As  constructed 
tO'day  they  are  divided  into  fiftieths  or  hundredths  of  a  degree,  eomotimes  even  into 
thousandths,  with  a  scale  40  to  50  cnis.  long,  which  includes  divisions  corresponding  to 
4°  or  6°.  Since  the  same  solvents  are  not  used  for  all  substances,  Beckmonn  ingeniously 
modified  the  upper  extremity  of  the  capillary  tube  containing  the  mercury,  in  a  mannt^r 
indicated  in  Fig,  27,  so  that  it  was  not  necessary  to  construct  such  costly  thermomotera  for 
each  particular  solvent,  or  to  construct  scales  of  immense  length.  In  this  way  it  is  possible 
to  measure  the  absolute  difference  of  the  boiling-point  of  tbe 
solvent  and  the  solution  with  the  same  thermometer,  whatever 
may  be  the  solvent  employed. 

The  acalo  of  the  thermomofcr  indicates  the  relative  boiling- 
points,  that  is,  it  indicates  the  point  which  the  mercury  column 
reaches  when  the  solvent  and  the  solution  respectively  boil.  Wo 
will  explain  thia  more  clearly  by  means  of  two  examples, 
^fiwCAl  ^'  ^  ^  thermometer  has  been  used  beforehand  for  a  low>;r 
temperature  and  is  then  required  for  a  solvent  boiling  at  a  higher 
temperature,  it  is  immersed  in  a  bath  which  is  3°  or  4°  hotter 
than  the  boiling-point  of  the  new  solvent.  By  this  means  the 
excess  of  mercury  rises  in  the  capillary  tube  into  the  small  upper 
reservoir  of  the  thermometer,  forming  a  suspended  droplet.  If  at 
thia  point  a  sudden  shock  ia  given  to  the  thermometer,  the  droplet 
of  mercury  falls  from  the  capillary  column  and  collects  at  the 
bottom  of  the  little  reservoir.  On  now  removing  the  thermometer 
from  the  bath,  the  capillary  mercury  column  descends  into  tho 
lower  bulb  of  the  thermometer.  The  relative  boiling-point  of 
p,Q_  27.  ^^^  solvent  will   now  be  indicated   by  the  mercury  in  one  of  tho 

divisions  of  tho  lower  part  of  the  scale.  It  will  then  advance 
through  a  few  divisions  (3°  to  4°)  and  indicate  exactly  the  rise  of  boihng-point  when 
the  substonoe  under  examination  has  been  dissolved, 

2.  In  order  to  adjust  the  thermometer  for  a  solvent  which  boils  at  a  lower  temperature, 
the  instrument  is  inverted  and  subjected  to  a  sudden  shock,  so  that  the  drop  of  mercury 
contained  in  the  small  reservoir  falls  back  on  to  tho  mouth  of  the  capillary  tube  and  adheres 
to  this.  At  this  point  the  thermometer  is  turned  right  side  up  and  then  heated  until  the 
mercury  in  the  bulb  rises  into  the  capillary  tube  and  unites  with  the  upper  droplet.  The 
thermometer  [s  then  immediately  immoraod  in  a  bath  3°  or  4°  lower  in  temperature  than 
the  boiling-point  of  the  new  solvent.  The  e 
the  capillary  column  is  then  made  to  fall  by  mi 
proceeded  with  as  in  the  preceding  example. 

Since  the  same  Beckmann  thermometer  is  used  for  solvents  which  boil  at  very  various 
temperatures,  it  is  clear  that  the  same  quantity  of  mercury  distributed  in  the  capillary 
column  indicates  a  different  number  of  divisions  when  working  at  different  tempcra- 

For  this  reason,  in  the  cose  of  very  exact  experiments,  the  readings  of  these  thermo- 
meters must  always  be  coiTect«d  by  means  of  special  tables  which  refer  to  particular 
temperatures. 

If  we  wish  to  determine  the  molecular  weight  of  a  substance,  we  first  read  on  the  scale 
the  division  which  the  capillary  column  of  the  mercury  reaches  when  the  thermometer  in 
immersed  in  a  given  weight  of  the  pure  boiling  solvent  (for  example,  1  ■51").  A  given  weight 
of  the  substance  under  examination  is  then  dropped  into  the  solvent  and  the  point  is  not^d 
which  the  capillary  mercury  column  reaches  when  the  solution  boils  (for  example,  209"), 
The  absolute  rise  of  boiling-point  which  results  is  then  0-52°  (that  is,  209°  -  1-57°),  and 
this  suflBcea  lor  the  calculation  of  the  molecular  weight  as  we  already  know  the  weight  of 
the  solvent  and  the  weight  of  the  dissolved  substance. ' 

The  complete  apparatus  is  shown  in  Fig.  28.    In  order  that  the  heat  may  be  uniformly 
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Iruismittf^  and  the  liquid  may  not  be  miperheat«d,  the  vestwl  e,  which  has  the  form  of 
»  large  teet-tube  with  &  side  tube  connected  with  a  cooling  coil  in  order  to  condense 
ibe  TApours  of  the  solvent,  has  fused  into  its  base  a.  piece  of  platinum  wire  which  is  sur- 
noanted  with  a  polished  garnet  or  glsas  bead,  or  with  a  small  piece  of  platinum  foil.  This 
I^st-tabe  is  smrounded  bj  a  cylinder  of  glass  or  porcelain  with  double  walls,  c,  in  which 
^  to  30  cc.  of  the  solvent  are  strongly  boiled  in  order  to  maintain  this  mantle  at  a  con- 
stant lemp««tcire.  The  side  tube  of  the  mantle  is  also  connected  with  a  condensing  coil 
or  small  condensing  tube  in  order  to  condense  the  vapours.  The  thermometer  dips  into 
the  solvent  and  almost  touches  the  garnet. 

This  apparatus  was  again  slightly  modified  by  Beckmann  in  1903  by  causing  the  solvent 
to    boil    by   means   of   internal   circulation  of   the 
vapours  of  the  external  liquid.    Later,  in  190S,  he 
also  applied  electrical   heating,  but   the  apparatus 
described   above   is   still  the   one    moat   commonly 

The  weighed  substance,  of  which  the  molecular 
vpight  is  ta  be  determined,  is  introduced  into  the 
(cdt-tabe  which  contains  the  weighed  solvent  and  of 
which  the  boiling-point  has  already  been  determined 
with  the  thermometer,  by  means  of  a  capillary 
U-pipette,  if  the  substance  is  a  liquid,  or  in  a  glass 
capsal«  if  it  is  viscous  or  solid,  the  coil  /  being 
niommtarily  removed. 

In  the  caae  of  solid  substances  small  pastilles 
may  also  be  formed  by  means  of  a  steel  mortar  and 
are  then  easily  weighed.  (^ 

The  apparatus  reata  on  a  table  of  solid  asI>estos 
plate  provided  with  two  small  asbestos  chimneys  for 
the  escape  of  the  burner  gaaea.  40  to  50  grm^.  of 
solvent  and  about  0-2  grms.  of  the  substance  arc 
ordinanly  employed.  When  the  first  determination 
is  finished,  a  fresh  quantity  of  the  substance  is  | 
added  to  thesamesolntionand  the  new  boiling-point  t 
ilet«nnined.  A  third  and  fourth  addition  may  also 
be  made  so  that  several  resulta  are  obtained  from 
which  a  more  exact  average  may  be  deduced. 

DETERMINATION  OF  THE  FREEZ- 
ING-POINT OF  SOLUTIONS  AND  OF 
MOLECULAR  WEIGHTS  (CRYOSCOPY). 
Already  in  the  year  1788  Blagden  observed  p^g  28. 

that  the  freezing-pointB  of  varioua  aqueous 

solutions  of  the  same  subiitance  are  all  more  or  lesa  lowered  as  the  qiiantity 
of  dissolved  substance  is  increased.  This  law  was  forgotten  for  many  years, 
and  in  1861  Rodorfl  announced  it  as  a  new  discovery,  whilst  in  I87I  De  Coppet, 
rediscovering  the  work  of  Blagden,  pointed  out  its  great  importance. 

It  had  been  known  since  ancient  times  that  the  ice  which  Leparates  from 
aea  water  is  almost  free  from  salt.  This  phenomenon  was  more  carefully 
studied  by  Knes  in  1814,  and  was  discussed  by  Dufour,  Riidorff,  and  Fritsche 
about  the  year  I860.  Many  exceptions  to  Blagden's  law  are  explained  by 
the  knowledge  that  various  substances  combine  with  the  solvents.  In 
1871-1872  De  Cappet  determined  the  lowering  of  the  freezing-point  of  various 
dissolved  substances  and  water  in  relation  to  their  molecular  weight,  and 
thus  foand  that  the  molecular  decrease  of  the  freezing-point  was  ahnost 
equal  for  the  whole  of  many  different  substances  (with  the  exception  of 
ammonium  nitrate,  which  dissociates  in  dilute  solutions,  &c.). 

In  1882  Baoult  extended  these  researches  to  many  oi^nic  substances, 
diiwolved   both   in   water  and   in   the   purest    benzene  or  acetic   acid,    and 
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obtained  for  all  of  them  molecular  freezing-pointB  which  were  equal  and  con- 
stant. With  certain  other  solvents,  he  obtained  double  molecular  values. 
These  exceptions  were,  however,  explained  lat«r.  On  dissolving  any  sub- 
stance which  does  not  dissociate  in  a  litre  of  water  in  a  quantity  in  grammes 
equal  to  the  molecular  weight,  a  lowering  of  the  freezing-point  of  1*85"  is  always 

In  188S  Raoult  proposed  a  very  convenient  method  of  detennining  the 
molecular  weight  of  substances,  based  on  his  work  on  the  lowering  of  the 
freezing -point  of  solutions.  In  1886 
Pat«mb  and  Nasini  confirmed  the  value 
and  practicability  of  the  method  proposed 
by  Raoult,  but  the  attention  of  chemists 
was  only  turned  to  it  after  the  year  1890, 
when  van't  Hofi  had  already  expounded, 
theoretically  and  mathematically,  his  bril- 
liant theory  of  solutions  [see  behw). 

VariouB  forme  of  appuatua  are  made  for 
the  prsotical  application  of  this  method,  but 
the  most  convenient  and  the  most  used  is  that 
proposed  by  Beckmaun  in  1888. 

The  apparatus  is  construoted  of  glass  and 
consists  (as  indicated  in  Fig.  29)  of  a  large 
teat-tubo  of  2}  to  3^  cm;,  diameter,  with  a  side 
tube  for  the  introdnction  of  the  substance.  The 
stopper  with  which  it  is  closed  carries  a  thermo- 
meter graduated  in  hundredths  of  a  degree  and 
a  special  tube  through  which  a  glass  or  plati- 
num stirrer  works  which  communicates  with  a 
bulb-tube  containing  concentrated  sulphuric 
acid  in  order  to  prevent  the  entrance  of 
moisture. 

This  test-tube  is  surrounded  by  another  large 
tube  so  that  the  heat  may  be  transmitted  regu- 
larly. The  whole  is  immersed  in  a  large  beaker 
which  contains  a  freezing  mixture  to  induce  the 
freezing  of  the  solution. 

An  exact  quantity  (20  to  26  grms.)  of  solvent 

is  placed  in  the  test-tube  so  that  it  completely 

FiQ.  29.  covers  the  bulb  of  the  thermometer,  and  then 

freezing  is  ofiected,  the  apparatus  being  arranged 

as  is  indioated  in  the  figure  aud  the  solvent  stirred  continually  until  it  freezes. 

When  the  ice  commences  to  separate  from  the  solvent(we  will  in  this  case  call  the  solid 
substance  which  separates  iee,  whatever  the  solvent  may  be)  the  mercury  in  the  thermo- 
meter, which  has  been  descending  and  oscillating,  suddenly  rises  to  the  temperature  of 
freezing  and  remains  very  steady  for  some  minutes.  The  highest  temperature  which  is 
observed  in  two  or  three  melting  and  freezing  operations,  carried  out  consecutively,  is  tho 
true  freezing-point  of  the  solvent.  When  the  ice  is  again  melted  a  small  quantity  (0-1  to 
0'2  grm.)  of  the  substance  under  examination  is  introduced.  Preezing  is  again  induct^ 
until  the  ice  separates  and  the  freezing-point  Is  noted.  The  ice  is  allowed  to  melt  and 
again  frozen,  noting  the  temperature  each  time,  and  the  mean  of  these  two  tempeiatuies 
is  taken.  After  the  ice  has  thawed,  a  further  quantity  of  the  substance  is  added  and  the 
new  fceezing-point  of  this  more  concentrated  solution  is  noted.  Third  and  fourth  quan- 
tities of  the  substance  may  then  be  introduced  so  that  about  1  gim.  of  substance  is  present 
in  BOlntion  altogether.  The  mean  of  the  molecular  weights  found  from  these  four  deter- 
minations may  be  taken  as  the  closest  approximation,  so  long  as  these  delerminatioits 
ue  ooucordant  with  one  another.     OthcrwibO  the  mean  must  not  be  taken. 

Hie  method  of  calculating  the  moKcular  weight  is  analogous  to  that  already  employed 
for  the  ebulhoBoopio  method.    If  g  granuuesofasubstancedisBolvedinlOOgrmB.  of  solvent 
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d 

l^oduoe  a  depression,  dy  of  the  freezing-point  of  the  solvent  itself ,  then  -is  the  specific 

depression  of  the  freezing-point,  and  on  referring  this  to  the  molecular  weight,  m,  of  the 

dm 
sabsianoe,  we  obtcun  the  molecular  depression :   — .    In  this  case  also,  acids  and  strong 

bases  in  aqueous  solutions  give  abnormal  molecular  depression  of  the  freezing-point,  becanne 
these  substances  are  dissociated.    The  molecular  weight,  m,  of  any  substance  may  be 

K 
deduced  by  the  following  formula :  m  »  -7  where  IT  is  a  oonstant.depending  only  on  the 

nature  of  the  solvent  (water  =  18*5,  acetic  acid  =  39,  formic  acid  =^  21-1,  benzene  »  49, 

phenol  »  74,  naphthalene  =»  71,  and  nitrobenzene  »  70*7) ;    A  indicates  the  specific 

depression  of  the  freezing-point,  that  is,  the  quotient  of  the  depression  observed,  divided 

by  the  percentage  contents  of  the  solution. 

If  g  grammes  of  substance  are  dissolved  in  O  grammes  of  solvent,  they  produce  a  lowering, 

A,  of  the  freezing-point  of  the  solvent ;  then  if  the  percentage  contents  of  the  solution  are 

lOOg  A  At? 

z,  we  have  :    x  =»  ~~^>  ^^^  ^^®  specific  depression  A  will  be  :  A  °°  |aa„  =  i/v^  »  *nd 

O 

K                               K.  100(7 
knowing  that  m  «  -^,  we  have:    m  =« — — ,      All  these  values    being  known  or 

easily  determined,  the  molecular  weight  can  be  calculated,  and  if  with  various  solvents 
the  same  substance  leads  to  various  multiples  it  is  necessary  to  select  the  smallest  value 
as  the  most  correct  molecular  weight. 

Example,  Determination  of  the  molecular  weight  of  naphthalene  (CioH^)  by  employing 
benzene  as  the  solvent ;  0-5507  grms.  of  naphthalene  in  18-65  grms.  of  benzene  produce  a 
lowering  of  the  freezing-point  of  1-170'^ ;  the  constant  K  for  benzene  is  59  and  thus  the 

11  •  u*  49  X  100  X  0-5507       ,„.  ,  ^     ^u     *u       *•    i 

molecular  weight  m  «  — rrrrz rr-rz —  *=  124,  a  value  very  near  to  the  theoretical 

*  1170  X  18-65  "^ 

value,  which  is  128. 

ANOMALIES  IN  CRYOSCOPY  AND  EBULLIOSCOPY.  It  has  been  observed 
that  the  molecular  weights  obtained  by  these  two  methods  increase  slightly  as  the  solvent 
becomes  more  concentrated,  but  the  differences  do  not  influence  the  results  very  much, 
because  it  is  not  a  method  for  obtaining  precise  molecular  weights,  but  simply  for  obtaining 
values  a  little  lower  or  a  little  higher  than  the  theoretical  figures.  In  practice  it  is  usually 
a  question  of  deciding  whether  the  substance  under  examination  has  a  given  molecular 
weight  or  one  double  or  half  as  large. 

The  chemical  nature  of  the  solvent  in  relation  to  the  chemical  nature  of  the  substance 
has,  on  the  other  hand,  a  considerable  influence  on  molecular  weight  determination. 

These  anomalies  are  not  due  to  the  dissociating  action  (into  free  ions)  of  certain  solvents, 
such  as  water,  alcohol,  &c.,  of  which  we  will  speak  later  on  p.  91,  but  are  due  to  the 
associating  or  polymerising  action  of  certain  solvents  on  the  dissolved  substance  so  that 
a  lowering  of  the  freezing-point  or  boiling-point  is  found  and  the  molecular  weights  calcu- 
lated by  this  means  are  thus  larger  (up  to  two  or  three  times)  than  the  real  values.  This 
associating  action  is  large  when  hydrocarbons  (benzene,  &c. ),  are  used  as  solvents  for  sub- 
stances contjuning  hydroxyl  groups  (such  as  acids,  alcohols,  phenols,  oximos,  &c.),  and 
the  associaton  or  polymerisation  increases  rapidly  with  increase  of  the  concentration 
where  cryoscopic  and  ebullioscopio  methods  are  applied. 

The  abnormaUties  are  avoided  in  these  cases  by  using  substances  containing  hydroxyl 
groups  themselves  as  solvents,  for  instance,  acetic  acid,  as  these  have  a  depolymerising 
action. 

Abnormalities  also  occur  when  the  dissolved  substance  separates  together  with  the 
"  ice  "  of  the  solvent,  or  when  vapours  of  the  dissolved  substance  form  together  with  those 
of  the  solvent.  This  occurs  in  the  freezing-point  method  when  the  solvent  is  of  analogous 
chemical  composition  to  the  dissolved  substance,  for  example,  if  bromoform  (CHBr,) 
ia  used  as  a  solvent  for  the  substances  chloroform  (CHCl,)  or  iodoform  (CHI3),  because 
then,  as  was  pointed  out  by  van't  Hoff,  mixed  crystals  separate  {see  p.  Ill) ;  analogous 
ebolliosoopic  anomalies  occur  when  the  dissolved  substance  has  also  a  certain  vapour 
tension,  so  that  the  vapours  of  the  dissolved  substance  are  foimd  mixed  with  those  of  the 
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solvent.  In  the  first  case  the  abnormality  is  avoided  by  choosing  as  the  cryoscopic  solvent 
a  liquid  the  chemical  com(X)sition  of  which  is  not  analogous  to  that  of  the  dissolved  sub- 
stance, and  in  the  second  case  by  using  as  the  ebullioscopic  solvent  a  liquid  having  a  boiling - 
point  much  lower  than  that  of  the  dissolved  substance. 

Hantzsch  and  also  Oddo  (1908-1909)  have  recently  studied  the  behaviour  of  various 
substances  when  pure  concentrated  sulphuric  acid,  free  from  sidphur  trioxido  and  from 
water,  is  used  as  a  solvent.  They  found  that  some  substances,  especially  inorganic  sub- 
stances (potassium,  sodium,  or  ammonium  disulphate,  &c.),  which  do  not  actually  rcAct 
with  sulphuric  acid,  behave  as  electrolytes,  because,  according  to  the  oxonium  or 
hydronium  hypothesis  of  Hantzsch,  the  substance  and  water  itself  by  uniting  themselves 
loosely  with  sulphuric  acid  give  complexes  dissociating  into  the  corresponding  ions  : 
HSO4H  -h  H,0  «  HS0/(H30),  hydronium  sulphate  ;  HSO4H  -h  NH,  =  HS0/(NH4)', 
ammonium  sulphate  ;  HSO4H  +  0(C2H6)2  (ethyl  ether)  «  HS04'(HO(C,H5)2),  diethyl 
hydronium  sulphate,  &c. 


RELATIONS  BETWEEN  RISE  OF  THE  BOILING-POINT, 
DEPRESSION  OF  THE  FREEZING-POINT,  AND  OSMOTIC 
PRESSURE  OF  DILUTE  SOLUTIONS 

In  a  very  important  treatise  which  has  greatly  helped  the  progress  of 
chemical  theory  and  practice  during  the  last  few  years,  and  also  obtained  for 
him  the  first  Nobel  prize  of  £8000,  assigned  to  him  at  the  end  of  1902,  van't 
Hoff  showed  by  means  of  thermodynamics  that  certain  relations  exist  between 

the  pressure  of  gases  or  vapours  and  the  osmotic  pressure, 
/^    ^.  depression  of  the  freezing-point  and  rise  of  the  boiling-point 

/  \\         of  solutions. 

The  scientific  and  industrial  bearing  of  this  work  has 
already  been  manifested  by  various  very  important  appli- 
cations. 

We  have  seen  how  Avogadro's  law  for  gases  recurs  in 
all  the  new  methods  of  molecular  weight  determination 
with  the  sole  difference  that  osmotic  pressure  is  substituted 
for  gaseous  pressure. 

We  have  shown  how  the  fundamental  formula  for  these 

methods  may  be  derived   from  the  general  gas  formula 

(pv  =  B,T)  with  ih!^  help  of  the  constant  B ;  we  deduced 

this  constant  (12)  from  the  osmotic  pressure   of  a  sugar 

solution  (p.  80). 

With  the  help  of  an  ideal  experiment  due  to  Arrhenius  in  1889, 
we  are  able  to  show  from  first  principles  the  relation  between 
osmotic  pressure  and  the  diminution  in  the  vapour  tension  of  solutions.  We  introduce  a 
given  solution,  L,  into  a  vessel  shaped  like  an  inverted  thistle-funnel  with  a  long  neck,  which 
is  closed  at  the  base  by  a  semi -permeable  membrane  (Fig.  30).  We  then  immerse  the  wide 
portion  of  this  instrument  in  a  vessel  containing  the  pure  solvent,  F.  The  whole  is 
covered  by  a  tall  bell -jar,  which  is  evacuated.  Osmotic  action  occurs  between  the  solution, 
Ly  and  the  solvent,  F^  and  the  solution  will  rise  in  the  tube  of  the  funnel  to  a  certain 
height,  A.  Equilibrium  will  be  established  when  the  pressure  exerted  by  the  column  of 
liquid,  Q\  is  equal  to  the  osmotic  pressure  of  the  solution. 

In  the  interior  of  the  bell -jar  liquid  evaporates  both  from  the  surface  of  the  solvent, 
Q^  and  from  the  surface,  ^,  of  the  solution,  and  it  is  quite  clear  that  the  vapours  which  are 
evolved  by  A  support  the  pressure  of  all  the  vapours  which  are  formed  below,  and  that 
the  vapours  which  are  formed  in  Q  must  equalise  the  pressure  of  the  vapours  which  are 
formed  above,  so  that  the  vapours  of  the  solvent  at  the  height  \  support  the  same  weight 
as  the  vapours  of  the  solution  at  height  A,  that  is,  they  have  the  same  vapour  tension.^ 

^  No  other  supposition  is  possible.  If,  in  fact,  the  vapours  at  the  height  h  had  a  lesser  vapour  tension  than  the 
solution  in  A,  then  liquid  would  distil  from  the  solution  and  these  vapours  would  join  those  of  the  solvent  to  estab- 
lish equilibrium ;  but,  on  the  other  hand,  this  distillation  would  Increase  Uic  concentration  of  the  solution  in  A 
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II  one  supposes  that  there  are  n  molecules  of  the  dissolved  substance  and  N  molecules 
of  solvent  in  the  solution,  the  osmotic  pressure  of  the  solution  may  be  represented  by  the 
general  gas  formula,  because  we  have  seen  that  the  dissolved  substance  will  cause  the  same 
pressure,  p,  which  it  would  cause  if  present  in  an  equal  volume  as  gas  {see  p.  80). 

Now    pv  =  nRT,  that  is,  p  =»  ;   we  know  that    R  =  84,700  and    T  indicates 

the  absolute  temperature.    In  order  to  find  the  value  of  v  we  must  remember  that  N 

molecules  of  the  solvent  have  a  weight  MN  ;  if  JIf  is  the  molecular  weight,  and  S  indicates 

MN 
the  specific  gravity  of  the  solvent,  then  v  «=  -^.     Introducing  this  value  of  v  into  the 

1     •  nRTS 

general  formula  we  obtam :    p  =»     ^^ ,  if  we  suppose  that  the  pure  solvent  and  the 

very  dilute  solution  have  the  same  volume. 

But  the  difference  between  the  vapour  tension  of  the  solution  (/')  and  that  of  the 
vapours  of  the  solvent  (/)  is  equal  to  a  column  of  vapour  of  the  height  h,  and  of  1  sq.  cm. 
cross-section  (if  we  express  the  pressure  in  grammes  per  sq.  cm.),  and  the  density 
being  d,  we  have  for  this  value  f'  =  f  —  hd.  This  value  may  also  be  obtained  from  the 
general  formula  given  above  by  substituting  the  corresponding  values,  and  we  then  arrive 

by  suitable  manipulation  at  the  same  formula  as  that  of  Baoult  — z —  —  -j^ ,  where  we  have 

K  instead  of  ^  +  «,  because  we  consider  a  very  dilute  solution  in  which  the  value  of  n 
is  so  small  that  it  may  be  neglected  in  comparison  with  the  value  N,  The  close  relation 
between  the  osmotic  pressure  and  the  vapour  tension  is  now  evident,  as  is,  therefore,  also 
the  relation  between  the  corresponding  methods  of  determining  molecular  weights. 

It  is  now  easy  to  show  that  the  method  of  molecular  weight  determination 
by  means  of  the  lowering  of  the  freezing-point  of  solutions  is  founded  on  the 
same  principle  as  that  of  the  diminution  of  the  vapour  tension. 

The  relation  between  the  vapour  tension  of  the  frozen  solvent  which 
separates  from  the  solution  and  the  vapour  tension  of  the  solution  itself  was 
stated  empirically  and  proved  experimentally  by 
Raoult  in  1878,  but  Guldberg  deduced  it  mathemati- 
cally in  1870. 

We  will  imagine  a  curved  glass  tube  closed  to  form  an  anchor 
ring  (Fig.  31 )  in  the  interior  of  which  there  is  a  dilute  solution, 
6,  of  a  solid  substance  in  a  liquid  ;  the  tube  above  the  solution 
has  been  evacuated  and  is  thus  filled  with  the  vapour  of  the 
solvent.  If  we  now  oool  the  tube  so  that  a  little  of  the  frozen 
solvent  Be{>arates  in  a  and  floats  on  the  solution,  then  the 
vapoar  tension  of  the  solution  and  of  the  frozen  solvent  at 
the  temperature  at  which  it  commences  to  separate  must 
necessarily  be  equal.    If  the  vapour  tension  of  the  frozen  ^^'  ^*« 

ijolvent  in  a  were  actually  greater  than  that  of  the  solution 

in  6,  then  part  of  the  frozen  solvent  would  distil  over  and  condense  in  6,  thus  diluting 
the  solution  ;  but  since  on  dilution  the  freezing-point  is  raised,  new  frozen  solvent  \i'ill 
separate  in  a  and  consequently  a  further  portion  of  frozen  solvent  will  distil  as  at  first, 
so  that  we  arrive  at  the  absurdity  of  perpetual  motion. 

If  we  imagine  the  reverse  case,  that  is,  that  the  vapour  tension  of  the  solution  is  greater 
than  that  of  the  frozen  solvent  in  a,  then  the  solvent  will  distil  from  h  and  be  condensed 
as  frozen  solvent  in  a  ;  but  the  solution  in  b  will  then  become  more  concentrated  and  its 

and  coDsoqaently  the  osmotic  pressure,  so  that  fresh  solvent  would  penetrate  into  L  through  the  membrane, 
and  the  new  liquid  would  again  be  evaporated  in  ft  so  that  we  would  have  a  case  of  perpetual  motion  in  contra- 
diction to  the  second  law  of  thermodynamics.  If  we  take  the  reverse  hypothesis,  which  is  that  the  vapours  of 
the  lolvent  at  the  same  hdght,  h,  have  a  larger  vapour  tension  than  those  of  the  solution  at  the  same  height,  then 
the  Tapoun  of  the  solvent  would  necessarily  condense  at  the  surface  of  the  solution,  which  would  tlicn  become 
dilute  ontU  its  vapour  was  in  equilibrium  with  that  of  the  solvent  in  h,  but  this  dilution  would  diminish  the  osmotic 
pressore  of  the  solution,  causing  a  part  of  the  liquid  to  issue  through  the  membrane  at  the  base,  and  we  again 
arrive  at  the  absurdity  of  a  perpetual  motion  being  set  vp,  because  condensation  of  the  vapours  in  A  would  re- 
rammence.  Thus  the  only  poesible  hypothesis  is  tliat  which  supposes  the  solvent  and  the  solution  at  the  height 
A  to  have  the  same  vapoar  pressure.  Then  we  have  equilibrium  and  the  phenomenon  can  be  clearly  explained. 
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freezing-point  will  be  lowered.     Consequently  a  part  of  the  frozen  solvent  in  a  will  dissolve 

and  a  new  portion  will  be  formed  by  condensation  of  the  vapours  of  the  solvent  so  that 

perpetual  motion  will  again  occur. 

A  plausible  explanation  of  the  phenomenon  can  thus  only  be  made  by  supposing  that 

at  the  temperature  of  freezing,  the  vapour  tension  of  the  frozen  solvent  and  of  the  solution 

are  equal,  so  that  the  equivalent  of  the  cryoscopio  and  ebulHoscopio  methods  of  determining 

the  molecular  weights  is  proved. 

We  may  also  prove  this  fact  by  a  graphic  method  in  the  following  manner.    We  imagine 

a   system  of  co-ordinates  in  which  the  absdssse  indicate  the  temperatures  -  <  to  +  <, 

and    the    ordinates    the    vapour    tensions 
(Fig.  32). 

The  curve  n  indicates  the  vapour  tension 
of  water  at  various  temperatures  even  when 
the  liquid  is  kept  below  0** ;  «  is  the  curve 
of  vapour  tension  of  ice,  for  which  KirchhofiE 
has  shown  that  it  coincides  at  0^  with  that 
of  water  meeting  it  at  a  certain  angle.  If  I 
is  the  vapour  tension  curve  of  a  given  solu- 
tion at  a  different  temperature,  then  the 
point  where  e  meets  I  indicates  the  tempera- 
ture at  which  experimentally  the  solution 
commences  to  separate  ice,  but  also  indicates 
that  at  the  point  of  junction  the  vapour  ten* 
sionsof  the  solution  and  of  the  ice  are  equal* 
The  relation  between  osmotic  pressure,  vapour  tension,  lowering  of  the  freezing-point 

and  rise  of  the  boiling-point  of  dilute  solutions  is  thus  evident. 


Fia.  32. 


THE  DEDUCTION  OF  THE  MOLECULAR  WEIGHT  FROM 
THE  ACTION  OF  TWO  SOLVENTS  ON  THE  SAME 
SUBSTANCE 

Already  in  1872  Berthelot  and  Jungfleisch  showed  that  there  were  certain  regularities 
in  the  method  of  subdivision  of  a  substance  between  two  superposed  solvents  which  do 
not  mix.  If  one  of  the  solvents.  A,  is  slightly  soluble  in  the  other,  B,  the  solubility  being  I, 
then  the  vapour  tension  of  the  latter  will  diminish  and  will  correspond  to  a  certain  osmotic 
pressure.  If  n  molecules  of  another  substance  are  dissolved  in  N  molecules  of  A,  the  solu- 
bility of  ^  in  B  will  diminish  and  will  now  be  equal  to  l\  and  we  then  arrive  at  a  formula 
analogous  to  that  which  has  already  been  obtained  for  the  determination  of  molecular 

I  -  V       n 
weight  by  means  of  the  vapour  tension  :  — ;;—  —  "tt;  we  may  express  n  by  the  weight,  p. 


V 


V 


of  the  substance  divided  by  the  unknown  molecular  weight :  n  =»  — ;  we  may  now  replace 

P 

N  by  the  known  values,  the  weight  of  P  and  the  molecular  weight,  M,  that  iB,N  ^  -jTz^ 

and  we  thus  have  all  the  data  necessary  to  calculate  the  molecular  weight. 

In  1889-1890,  Nernst  actually  dissolved  a  liquid,  A,  in  another  liquid,  B,  until  this 
was  saturated  and  then  froze  the  solution.  In  the  soUd  solvent  which  separated,  A  and  B 
were  found  (and  not  the  solvent  B  alone  because  the  solution  was  saturated).  He  then 
added  a  substance  soluble  in  A,  and  since  the  solubility  of  ^1  in  £  was  thus  diminished,  the 
freezing-point  was  raised  by  a  quantity  which  was  in  a  certain  ratio  to  the  amount  of 
dissolved  substance. 

This  method  is  not  much  used,  but  in  certain  cases  has  given  very  exact  results. 
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ELECTROLYTIC  DISSOCIATION  OF  SOLUTIONS 

AND  IONIC  THEORY 

On  determining  molecular  weights  by  means  of  the  lowering  of  the  vapour 
tension  of  solutionB^^  Raoult  observed  that  on  dissolving  1  mol,  of  numerous 
sabstanees  in  a  litre  of  water,  a  lowering  of  the  freezing-point  of  about  1*85'' 
was  obtained,  but  that  dilute  aqueous  solutions  of  acids  and  strong  bases  or  of 
their  salts  showed  a  lowering  of  the  freezing-point  or  rise  of  the  boiling-point, 
and  also  an  osmotic  pressure  noticeably  greater  than  that  which  corresponded 
to  their  true  molecular  weights*  For  dilute  solutions  of  hydrochloric  acid 
the  displacements  of  the  boiling  and  freezing  points  were  approximately 
doubled  ;  for  sulphuric  acid  they  were  trebled,  Ac.  Thus,  per  litre  of  water, 
about  18*3  grms.  of  hydrochloric  acid  were  needed  instead  of  36*6  grms.  in 
Older  to  depress  the  freezing-point  by  1*85^. 

Solutions  giving  these  abnormal  values  also  behave  in  an  abnormal  manner 
with  rc^^ard  to  the  refraction  of  light,  magnetic  rotation,  optical  properties,  &c. 

In  1887  the  Swedish  physicists,  Svante  Arrhenius  and  Planck,  simul- 
taneously explained  all  these  apparent  abnormalities  by  means  of  a  simple  and 
equally  bnlllEuit  hypothesis  which  then  became  the  indispensable  foundation 
for  explaining  all  electrolytic  phenomena. 

Arrhenius  was,  in  fact,  able  to  demonstrate  that  all  these  numerous 
exceptions  were  shown  by  solutions  which  conducted  the  electric  cuirent,  that 
is,  by  electrolytes,  to  which  various  aqueous  solutions  of  acids,  bases,  and 
salts  belong.  Water  itself  is  not  an  electrolyte,  but  if  an  acid,  a  base,  or  a 
salt  is  added  to  water  it  then  allowsjbhe  electric  current  to  pass  and  this  causes 
the  separation  at  the  respective  poles  of  the  components  of  the  dissolved 
substance.  In  order  to  explain  aU  these  facts,  Arrhenius  supposed  that  the 
molecules  of  such  substances,  on  entering  into  solution,  were  dissociated 
into  two  or  more  parts  which  he  called  ions,  a  name  already  used  by  Faraday. 
These  ions  carry  a  strongs  electric  charge  (96540  coulombs,  or  a  multiple  of 
this  quantity  for  each  monovalent  gramme-ion) ;  those  are  called  anions, 
which  carry  a  negative  electric  charge  and  which  move  in  a^  direction  contrary 
to  the  electric  current  and  collect  at  the  anode  (positive  pole),  where  they 
give  up  their  electric  charge  and  separate  in  the  atomic  or  molecular  con- 
dition ;  those  are  called  cations,  on  the  other  hand,  which  carry  an  electro- 
positive charge ;  these  move  in  the  same  direction  as  the  current  from  the 
positive  to  the  negative  pole,  and  separate  at  the  cathode  (negative  pole). 

Those  substances  which  in  aqueous  solutions  give  osmotic  pressures  or 
depressions  of  the  vapour  tension  or  freezing-point  of  the  solution  which  are 
abnormal  and  which  conduct  the  current,  when  dissolved  in  certain  other 
substances  no  longer  conduct  the  electric  current,  and  then  show  normal 
osmotic  pressure  and  depression  of  the  vapour  tension  and  freezing-point  of 
such  normal  solutions. 

We  thus  see  that  the  electric  conductivity  is  closely  connected  with  the 
dissociation  of  the  molecules  into  ions,  and  that  with  certain  solvents  this 
electric  dissociation  (so  easily  obtained  with  water)  does  not  occur,  and  that 
the  current  does  not  then  pass.  A  minimal  and  partial  dissociation  of  the 
molecules  into  ions  suffices,  however,  to  cause  electric  conductivity  which 
increases  with  the  ionic  dissociation.^ 

K  We  Had  in  nature  snlMitances  which  conduct,  and  others  wliich  do  not  conduct  electricity.  Electric 
eoAdocton  may  be  divided  into  three  daaaee.  Conductors  of  the  first  class  are  those  which  conduct  the 
electric  cnirent  and  are  at  the  same  time  heated  witliout  altering  chemically  and  without  transportation  of 
nafcto.  Metals  belong  to  thli  group,  and  their  conductivity  increases  with  diminution  of  the  temperature. 
CondOfCton  of  the  Moond  class  are  aqueoua  solutions  of  salts,  of  acids  or  of  bases,  which  allow  the  electric  current 
to  pass,  but  with  simultaneous  decomposition  of  the  molecules  of  the  dissolved  substance  into  the  corresponding 
ioDs  which  are  carried  to  the  poles  of  contrary  sign.   The  electric  conductivity  of  such  conductors  increases  with 
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In  disBociated,  dissolved  saUs,  the  cation  is  usually  formed  of  a  metal 
and  the  anion  of  an  acid  residue.  All  dissolved  and  dissociated  acids  are, 
on  the  other  hand,  characterised  by  the  hydrogen  caiion  H,  whatever  may 
be  the  rest  of  the  molecule  forming  the  anion.  All  dissolved  and  dissociated 
bases  are  characterised  by  the  anion  OH,  which  is  common  to  all  of  them 
whatever  may  be  the  cation  forming  the  rest  of  the  molecule. 

The  characteristic  ions  of  acids  (H)  and  of  bases  (OH)  have  the  property 
of  modifying  the  colour  of  indicators  {see  below)  and  of  causing  certain  catalytic 
reactions  (see  below). 

All  hydrogenated  substances  are  not  acids ;  but  all  are  acids,  on  the  other 
hand,  which  dissociate  in  aqueous  solution  to  a  greater  or  less  extent  with 
production  of  hydrogen  ions. 

The  hydrogen  which  is  characteristic  of  any  acid  substance  is  freely 
evolved  when  this  is  mixed  with  magnesium  powder,  and  often  even  with 
other  metals,  such  as  zinc,  iron,  &c.  In  order  that  electrolytic  dissociation 
may  occur,  a  solvent  is  required,  which  is  ordinarily  water. 

Acids  have,  furthermore,  a  special  taste,  redden  blue  Utmus  solution, 
form  salts  by  combining  with  basic  substances  or  with  metals  (in  the  latter 
case  hydrogen  is  developed)  and  also  possess  certain  catalytic  properties 
which  we  will  study  in  connection  with  oi^anic  chemistry,  such  as  the  inversion 
of  sugar,  hydrolysis  of  maltose,  &c. ;  but  all  these  properties  are  manifested 
when  dissociation  of  the  molecules  occurs,  that  is,  when  the  hydrogen  is 
present  in  the  form  of  a  cation,  and  its  acid  reactions  are  ordinarily  observed 
in  presence  of  water  or  moisture. 

Even  the  most  energetic  acids,  when  absolutely  deprived  of  water,  no 
longer  give  any  of  the  characteristic  actions  which  we  have  enumerated. 
Thus,  pure  anhydrous  hydrochloric  acid,  whether  gaseous  or  Uquefied,  does 
not  react  with  metals  and  no  longer  reddens  dry  blue  Utmus  paper,  whilst 
in  the  dilute  condition  it  reacts  energetically.  Large  quantities  of  the  more 
energetic  acids,  such  as  sulphuric  acid,  are  to-day  transported  with  the  greatest 
security  in  iron  tanks,  mounted  on  railway  cars,  because  it  is  quite  easy 
to  obtain  such  acid  free,  or  almost  free,  from  water,  and  there  is  then  no 
danger  of  the  iron  being  corroded,  because  the  molecules  of  sulphuric  acid 
are  not  dissociated  and  the  chemical  reaction  is  only  produced  by  the  ions. 

The  characteristic  properties  of  dissolved  acids  can  be  completely  modified 
or  neutralised  by  means  of  the  action  of  basic  substances.  These  bases  are 
ordinarily  substances  which  turn  Utmus  solution,  which  has  been  reddened 
by  acids,  blue.  They  have  a  special  taste,  cause  various  catalytic  reactions 
of  organic  compounds,  saponify  fats  and  ethers,  &c.    The  greater  number  of 

elevation  of  the  temperature.  Conductors  of  the  third  class  are  the  gases  especially  at  reduced  pressure,  and 
their  conductivity  diminishes  with  increase  of  the  pressure.  Oases  at  the  ordinary  pressure  are  not  generally  con- 
ductors of  electricity,  but  they  become  so  under  the  influence  of  certain  ultra-violet  radiations  or  cathodic  or 
radio-active  emanations.  Gases  with  monatomic  molecules  (argon,  helium,  neon,  Ac.)  are  the  best  gaseous  con- 
ductors of  electricity. 

Aqueous  solutions  of  organic  compounds,  except  the  acids,  bases,  and  typical  salts,  are  not  electrolytes.  No 
organic  or  inorganic  substance  is  an  electrolyte  when  dissolved  in  benzene,  carbon  disulphlde,  ether,  or  similar 
solvents.  Sugar  does  not  conduct  the  electric  current  even  when  dissolved  in  water.  In  aqueous  solution  neutral 
salts  are  the  most  dissociated ;  at  moderate  concentration  half  their  molecules  are  dissociated  ;  in  dilute  solution 
the  dissociation  is  almost  complete.  There  are  also  other  solvents  than  water,  such  as  alcohol,  hydrocyanic  acid, 
d'c,  which  in  certain  cases  give  dissociated  solutions  which  are  good  conductors  of  the  electric  current. 

Water  is  the  best  medium  for  producing  ionic  dissociation  on  account  of  its  high  dielectric  constant.  The  di- 
electric  eotutant  is  the  ratio  between  the  charges  which  can  be  maintained  between  the  two  armatures  of  an  elec- 
tric condenser  when  water  and  air  respectively  are  interposed  between  thenL  Then  if  the  charge  which  can  be 
maintained  in  air  is  taken  as  unity,  that  which  can  be  maintained  in  presence  of  water  =  81,  which  is  the  dielec- 
tric constant  of  water.  The  constant  varies  with  the  nature  of  the  dielectric  (or  insulator).  It  is  relatively  small 
for  certain  organic  solvents,  such  as  ether,  carbon  disulphide,  dc,  wliich,  in  fact,  form  solutions  of  electrolytes 
which  are  very  little  dissociated ;  whilst,  on  the  othej  hand,  there  arc  other  substances  than  water,  even  other 
substances  of  minimal  electric  conductivity  but  with  a  high  dielectric  constant,  such  as  liquid  sulphur  dioxide, 
hydrocyanic  acid,  and  liquid  ammonia,  which  have  considerable  dissociating  power.  Pure  liquefied  hydrochloric 
acid  has  a  very  small  dielectric  constant,  and  this  explains  why,  although  it  dissolves  certain  salts  readily,  these 
solutions  are  not  good  conductors  of  the  electric  current,  because  no  ionic  dissociation  is  produced.  Alcohol,  on 
the  other  hand,  has  a  fairly  high  dielectric  constant,  and  consequently  a  dissociating  or  ionLning  power  which  is 
about  one-quarter  that  of  water. 
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\»8es  are  obtained  by  dissolving  oxides  of  metals  in  water  and  in  aqueous 
solution  they  then  form  free  characteristic  ions  consisting  of  the  OH  (hydroxyl) 
group.  Potassium  hydroxide,  KOH,  for  example,  is  dissociated  into  the 
cation  K  and  the  anion  OH.  If  to  the  solution  of  an  acid  which  has  been 
reddened  by  litmus  we  add  a  solution  of  a  base,  drop  by  drop,  the  H  cations 
of  the  acid  gradually  unite  with  the  OH  anions  of  the  base  to  form  undisso- 
elated  water,  and  we  thus  finally  arrive  at  a  point  in  which  all  the  cations 
of  the  acid  are  transformed  into  water  and  then  the  solution  has  a  neutral 
reaction.  A  single  drop  of  the  base  in  excess  immediately  changes  the  colour 
of  the  solution  to  blue,  because  free  OH  anions  of  the  base  are  then  present. 
In  the  case,  for  example,  of  solutions  of  HCl  and  of  KOH,  when  the  mixture 
is  neutral,  that  is,  when  all  the  acid  cations  and  basic  anions  have  disappeared, 
CI  anions  from  the  acid  and  K  cations  from  the  base  will  remain  in  solution 
as  the  ions  of  the  salt  (potassium  chloride,  KCl),  which  is  thus  formed  by 
the  exact  saturation  of  the  acid  by  the  base.  In  general,  salt  formation  always 
occurs  when  the  characteristic  hydrogen  of  an  acid  is  replaced  by  a  metal. 

When  we  have  a  salt  in  dilute  aqueous  solution,  we  find  it  to  be  dis- 
sociated into  the  corresponding  ions  ;  for  example,  sodium  chloride  (NaCl) 
is  dissociated  into  chlorine  (CI)  anions  and  sodium  (Na)  cations.  At  first 
sight  it  may  appear  strange  that  sodium,  which  reacts  so  energetically  with 
water  and  decomposes  it  at  once  when  brought  into  contact  with  it,  should 
exist  in  the  free  condition  in  aqueous  solution  without  reacting,  and  also 
that  chlorine,  which  we  know  as  a  greenish-yellow  gas  of  suffocating  odour, 
should  exist  free  as  an  ion  without  making  its  presence  known  in  the  aqueous 
solution  of  sodium  chloride.  But  this  is  because  we  are  accustomed  to  cha- 
racterise these  substances  Na  and  CI  in  the  free  atomic  or  molecular  state, 
but  not  in  the  state  of  dissociation  as  ions  with  an  electric  charge  of  96,540 
coulombs  per  gramme-ion,  and  thus  in  equilibrium  with  one  another  by 
means  of  equal  charges  of  contrary  sign.  The  properties  of  the  ions  are  very 
different  from  those  of  the  molecules,  especially  as  regards  the  nature  and 
quantity  of  the  energy  contained  in  them. 

These  properties  of  solutions  are  not  those  of  the  dissolved  salts  them- 
selves, but  are  those  of  the  free  ions  of  the  salt. 

DOUBLE  DECOAfPOSITION  OF  SALTS.  By  means  of  the  hypothesis  of  the 
electric  dissociation  of  salts  in  solutions,  the  so-called  double  decomposition  of  salts  is 
explained.  It  was  at  one  time  believed  (by  Berthollet  in  1803  and  by  Guldberg  and 
Waage  later)  that  on  mixing  the  solutions  of  two  salts  the  new  resultant  solution  would 
contain  four  salts  formed  by  partial  reciprocal  decomposition,  that  is,  supposing  that 
no  precipitation  occurred.  It  was  also  believed  that  the  quantity  of  the  four  salts  varied 
according  to  the  preponderance  of  one  or  other  of  the  two  salts  primarily  mixed,  and 
thus  on  mixing,  for  instance,  solutions  of  equimolecular  quantities  of  NaCl  and  KI, 
it  was  believed  that  in  the  new  solution  portions  of  Nal  and  KCl  were  also  present,  and 
this  was  considered  to  be  proved  by  the  fact  that  on  gradually  evaporating  the  solution 
of  the  mixture,  the  new  salts  reiJly  separated.  On  mixing  coloured  salts,  change  of 
colour  due  to  one  or  the  other  was  also  observed ;  thus  on  mixing  CuSO^  with  NaCl, 
the  solution  acquired  a  greenish  tint,  and  this  was  attributed  to  the  formation  of  CuClf. 
When,  however,  the  solubility  relations  in  the  solution  are  not  altered,  the  formation 
of  new  salts  should  be  accompanied  by  the  development  or  absorption  of  heat  (increase 
ot  diminution-  of^energy )  which  would  explain  and  justify  the  occurrence  of  a  chemical 
reaction.  In  normal  cases,  however,  no  thermochemical  alteration  was  observed,  and 
this  excludes  the  formation  of  new  chemical  compounds,  that  is,  of  new  salts. 

On  the  ionic  theory  this  phenomenon  can  be  completely  explained.  In  the  case,  for 
instanoe,  of  two  dilute  solutions  of  NaCl  and  KI,  these  salts  must  be  considered  as  mainly 
^88odated  into  the  respective  ions  Na,  CI,  K,  and  I,  but  the  same  occurs  in  a  single 
solotion  of  KCl  and  Nal,  obtained  directly  from  the  two  salts  or  by  the  mixture  of  their 
f^pective  solutions,  so  that  the  same  ions  are  always  present,  and  therefore  Na,  K,  CI, 
**^  1  are  present  without  any  chemical  r^fwtion  occmring. 
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But,  on  the  other  hand,  since  the  various  characteristic  chemical  reactions  of  individual 
salts  in  solution  are  due  to  the  free  ions  and  not  to  undissociated  molecules  of  the  salts, 
we  will  have  the  same  characteristic  reactions  in  an  equi-molecular  solution  of  NaCl  and 
KI,  as  in  an  equimolecular  solution  of  KCl  +  Nal  or  any  mixture  of  these  two  solutions. 
And  therefore  if  the  equilibrium  between  these  ions  is  altered  by  the  separation  of  part 
of  the  ions  in  the  form  of  insoluble  or  less  soluble  salts,  then  a  reaction  will  really  occur, 
and  thus  in  the  ordinary  way  the  reaction  proceeds  entirely  in  a  given  sense.  Thus  on 
concentrating  the  solution  by  evaporation,  at  a  certain  point  those  ions  will  unite  and 
separate  which  form  a  less  soluble  salt  {see  preparation  of  potassium  nitrate  or  conversion 
nitrate).  Again  on  adding  barium  chloride  to  a  solution  of  sodium  sulphate,  barium 
sulphate  is  formed  and  separates,  because  it  is  insoluble,  and  then  all  the  sodium  sulphate 
can  be  transformed  and  separated  in  the  form  of  insoluble  barium  sulphate.  These  true 
chemical  reactions  are,  however,  accompanied  by  measurable  thermal  phenomena. 

The  same  may  be  said  when  by  mixing  two  electrolytes  two  of  the  four  types  of  ions 
which  are  formed  have  great  afiBnity  to  one  another  and  unite  to  form  a  substance  which 
has  little  tendency  towards  dissociation.  In  this  case  true  combination  of  the  ions, 
that  is,  true  chemical  combination,  occurs.  Thus  on  mixing  two  strongly  dissociated 
substances,  such  as  hydrochloric  acid  solution  and  sodium  acetate,  the  formation  of 
Nad  and  acetic  acid  is  possible,  because  NaCl  has  a  great  tendency  to  dissociation  and 
is  therefore  not  formed,  whilst,  on  the  other  hand,  acetic  acid  being  a  weak  acid  is  only 
slightly  dissociated  and  the  afiBnity  between  the  H  ions  and  those  of  the  acetic  acid  being 
very  great,  undissociated  acetic  acid  is  easily  formed.  This  fact  explains  how  in  practice 
the  strong  acids  readily  liberate  the  weak  acids  from  the  corresponding  salts,  and  how 
strong  bases  liberate  weak  bases  from  their  salts,  because  the  H  cations  of  the  acid  have 
a  great  affinity  for,  and  tend  to  unite  with,  the  anions  of  the  weak  acid,  whilst  the  OH 
anions  of  the  base  have  great  affinity  for  and  tend  to  unite  with  the  cations  of  the  weak 
base  ;  thus  caustic  soda  liberates  ammonia  from  ammonium  salts. 

In  1908  Rosenstiehl  stated  that  double  decomposition  between  salts,  as  in  the  case 
of  organic  esters,  is  always  preceded  by  hydrolysis,  by  means  of  an  intermediate  reaction 
with  one  or  more  molecules  of  water,  for  example :  Med  +  HOH  «  MeOH  +  HCl ; 
[+  AgNOJ  «  Agd  +  Me.  No  J  +  HjO.  He  called  the  salts  and  ethers  which  are  slowly 
hydrolised  bnidolf/tea,  whilst  those  which  are  rapidly  hydrolised  he  called  stenclytea, 

ANALYTICAL  TESTS  FOR  THE  IONS.  The  extraordinary  simpHcity  of  the 
tests  used  in  analytical  chemistry  is  explained  by  the  ionic  theory,  because  in  a  solution 
of  many  salts  we  do  not  require  to  recognise  the  properties  of  all  the  salts,  but  simply 
those  of  the  respective  ions,  which  possess  properties  common  to  many  salts.  If,  for 
example,  we  have  a  solution  which  contains  50  anions  and  50  cations,  these  would  be 
theoretically  able  to  form  2500  salts,  and  if  all  these  salts  possessed  individual  characteristic 
reactions,  it  would  be  necessary  to  verify  the  presence  of  2500  substances.  Since,  on 
the  other  hand,  salts  in  aqueous  solution  are  dissociated  into  their  ions,  all  that  is  necessary 
to  completely  analyse  this  solution  is  to  confirm  the  presence  of  100  ions  (50  anions  and 
60  cations). 

But  certain  apparent  abnormalities  in  analytical  chemistry  can  also  be  explained 
by  the  new  theory  of  electrolytic  dissociation.  We  know,  for  example,  that  silver  nitrat'C 
is  the  safest  reaction  and  an  almost  general  one  for  the  detection  of  chlorine,  because 
the  cation  of  silver  (in  the  soluble  nitrate)  unites  with  the  anion,  chlorine  {of  any  soluble 
chloride)  with  the  separation  of  the  white  insoluble  substance  silver  chloride.  Now  whilst 
this  reaction  occurs  with  hundreds  of  chlorinated  compounds  and  with  all  soluble  chlorides, 
certain  other  compounds  which  also  contain  chlorine,  such  as  potassium  chlorate,  chloro- 
form, chloroacetic  acids,  &c.,  give  no  precipitate  with  silver  nitrate. 

By  the  electrolytic  dissociation  theory  we  know,  in  fact,  that  the  formation  of  silver 
chloride  by  means  of  soluble  silver  salts  is  a  reaction  characteristic  of  chlorine  ions,  but 
chloroform  is  not  a  salt  and  is  not  dissociated,  and  therefore  cannot  give  this  reaction. 
Potassium  chlorate  (dOgK)  is  a  salt,  but  in  aqueous  solution  it  is  dissociated  into  its 
ions,  one  of  which  is  potassium  (K)  and  the  other  the  chloric  acid  residue  (dOg),  which 
is  different  from  the  chlorine  ion  and  thus  does  not  give  the  reaction  with  silver  nitrate. 

VALENCY  OF  THE  IONS.  Molecules  dissociated  into  two  ions  also 
exercise  double  the  normal  osmotic  pressure,  and  in  the  case  of  very  dilute 
Bulphuric  acid,  three  tiroes  tjje  osmotic  pressure  which  would  be    deduced 
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bom  it«  formula  if  undissociated  is  obtained.  This  is  easily  explained  by 
the  theory  of  electrolytic  dissociation.  The  sulphuric  acid  molecule  H2SO4, 
is,  in  fact,  dissociated  into  the  divalent  anion  SO4,  and  two  monovalent  cations 
(2H),  that  is,  three  ions  altogether,  which  exercise  an  osmotic  pressure  three 
times  that  which  would  be  due  to  the  undissociated  molecule.  The  osmotic 
pressure  is  thus  strictly  dependent  on  the  number  of  free  ions  and  not  on 
their  nature.  This  valency  of  the  ions  corresponds  exactly  to  the  valency 
which  has  already  been  studied  and  deduced  from  atomistic  considerations 
and  from  analytical  or  stoichiometrical  results. 

The  valency  of  cations  is  indicated  by  dots  to  the  right  of  the  S3rmbol 
at  the  top,  whilst  that  of  the  anions  is  indicated  similarly  by  dashes,  and 
we  thus  have  the  cations  K',  K*,  Ba",  Pe',  Fe"',  &c.,  and  the  anions  CI',  S'', 
&c.  Apart  from  the  simple  ions,  others  are  known  of  complex  composition, 
such  as  SO4'',  NO3',  &c.  The  monovalent  ions  have  all  an  equal  electric 
charge  of  96,540  coulombs.  The  valency  of  these  ions  may  be  deduced  from 
the  relations  between  the  quantity  of  electricity  with  which  the  polyvalent 
ions  are  charged  and  the  quantity  carried  by  a  monovalent  ion.  The  divalent 
ions  have  a  double  electric  charge,  &c. 

The  electrolytic  behaviour  of  sulphuric  acid  also  explains  why  this  acid 
in  dibasic,  that  is,  why  it  is  able  to  saturate  two  basic  monovalent  radicals, 
or  one  divalent  basic  radical,  and  thus  the  basicity  of  an  acid  may  also  be 
deduced  from^the  number  of  H  cations  corresponding  to  its  anions. 

In  the  dissocation  of  bases  we  always  find  the  hydroxyl  anion  OH,  which 
is  monovalent,  and  thus  for  sodium  hydroxyl  we  have  : 

NaOH  =  Na  +  OH' 

thus  this  base  is  monoacid,  that  is,  the  saturation  of  its  anion  requires  a 

single  cation  of  an  acid,  and  thus  one  molecule  of  a  monoacid  base  will  be 

saturated  by  one  molecule  of  a  monobasic  acid  (for  instance,  hydrochloric 

acid,  HCl).    The  molecule  of  barium  hydroxide,  on  the  other  hand,  forms 

three  ions ;  Ba(0H)2  =  Ba"  +  OH'  +  OH' ;   thus  this  base  is  diacidic,  that 

+  -  - 

is,  its  divalent  cation  corresponds  to  two  monovalent  ions,  and  one  molecule 

will  be  saturated  by  one  molecule  of  a  dibasic  acid  or  by  two  molecules  of  a 

monobasic  acid. 

It  is  important  to  note  that   the  charge  of  the  same  ion  may  vary  in 

various  salts.    Thus  the  ferrous-ion  in  ferrous  sulphate  (FeS04)  is  divalent  : 

FeS04  =  ^©"  +  SO4",  whilst  m  ferric  chloride  (FeCla),  on  the  other  hand, 

iron  is  trivalent : 

FeGa  =  Fe  •'  +  CI'  +  Q'  +  G'. 

When  the  polyvalent  cation  of  a  metal  combines  with  several  chlorine 

ions  (monovalent)  then  the  quantity  of  electricity  corresponding  to  the  metallic 

cation  is  a  multiple  of  that  corresponding  to  the  monovalent  chlorine-anion  ; 

that  is  to  say,  it  is  equal  per  gramme-ion  to  as  many  times  96,540  coulombs 

as  there  are  chlorine-ions  corresponding  to  one  ion  of  the  metal,  so  that  each 

valency  corresponds  to  a  definite  quantity  of  electricity. 

/CI 
On  electrolysing  cupric  chloride  Cu<r        a  given  quantity  of  electricity 

separates  31*8  grms.  of  copper  for  every  35'5  grms.  of  chlorine,  or  63*6  grms. 
of  copper  (gramme-ion)  per  71  grms.  of  chlorine  (gramme-ions  corresponding 
to  two  valencies). 

CU--C1 
On  electrolysing  cuprous  chloride,      |         ,  the  same  quantity  of  electricity 

Cu— CI 
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produces  double  the  quantity  of  copper,  that  is,  63' 6  grms.  of  copper  foreacH 
35*5  grms.  of  chlorine  ;  thus  in  cupric  chloride  we  have  a  simple  divaleot 
copper  cation  Cu",  and  31* 8  grms.  of  copper  for  every  gramme-ion  of  mono- 
valent chlorine  Cr,  whilst  in  cuprous  chloride  we  have  a  compound  divalent 
cation  of  copper  Cu2*"  and  63*6  grms.  of  copper  for  each  gramme-ion  of  mono- 
valent cr.  For  this  reason  in  practice  salts  li^dth  a  minimum  valency  are 
electrolysed  whenever  practicable,  because  for  equal  consumption  of  energy 
a  greater  quantity  of  metal  is  separated  in  this  way. 

We  have  thus  arrived  at  conceptions  of  ionic  valency  without  any  addition 
to  the  atomic  hypothesis,  simply  basing  our  considerations  on  the  electro- 
lytic behaviour  of  many  substances  in  dilute  solution,  and  we  see  how  in 
these  phenomena  also  we  obtain  a  proof  of  the  existence  of  variable  valency, 
in  distinction  to  the  constant  valency  which  was  supposed  to  exist  until  sk 
short  time  ago,  based  on  exclusively  atomistic  conceptions.  We  have  also 
shown  that  valency  is  generally  lower  at  high  temperatures  where  compounds 
in  a  state  of  minimum  oxidisation  are  often  found,  whilst  at  lower  tempera- 
tures the  compounds  are  more  stable  and  are  generally  present  in  a  more 
highly  oxidised  condition. 

MOLS,  NORMAL  SOLUTIONS,  AND  VOLUMETRIC  ANALYSIS. 
The  behaviour  of  acids  and  bases  in  solution  serves  as  the  basis  of  a  whole 
department  of  analytical  chemistry,  that  of  volumetric  analysis. 

Bases  and  acids  saturate  one  another  through  the  reciprocal  saturation 
of  their  characteristic  ions.  A  divalent  ion  is  equivalent  to  two  monovalent 
ions,  and  three  of  these  latter  are  equivalent  to  one  trivalent  ion.  The  quantity 
of  matter  which  corresponds  to  each  valency  of  the  ions  is  the  same  as  that 
which  we  know  under  the  name  of  combining  weight  or  equivalent  or  stoi- 
chiometric value  {see  p.  21),  and  thus  if  we  have  a  quantity  of  an  acid 
or  base  corresponding  to  its  equivalent  expressed  in  grammes  or  gramme- 
equivalent,  dissolved  in  one  litre  of  an  aqueous  solution,  this  is  the  quantity 
corresponding  to  one  valency,  or  finally,  the  quantity  corresponding  to  a 
monovalent  ion,  and  such  a  solution  is  called  a  normal  solution.  Such  solutions 
are  used  for  the  determination  of  the  strength  or  concentration  of  any  acid 
or  base,  that  is,  for  the  determination  of  the  quantities  of  pure  acid  or  base 
contained  in  a  given  volume  of  their  solutions  whatever  may  be  the  dilution 
in  which  they  are  present. 

For  the  sake  of  brevity  in  the  discussion  of  electrolytic  phenomena,  the  use  of  the  word 
mol  to  express  the  quantity  in  grammes  corresponding  to  the  molecular  weight  of  a 
substance  has  been  proposed  ;  but  it  was  then  found  more  practicable  to  call  the  quantity 
in  grammes  corresponding  to  the  ion,  a  mol-ion  (gramme-ion),  thus  one  mol -ion  of 
CI  =  35-5  grms.  ;  one  mol-ion  of  H  =  1-01  grm.  ;  one  mol-ion  of  SO4  =  96  grms.,  &c. 

Thus  in  order  to  obtain  a  normal  solution  of  hydrochloric  acid  (HCl),  we  must  dissolve 
the  quantity  of  HCl  corresponding  to  one  mol-ion  of  hydrogen  (that  is,  to  l-Ol  grm.,  or 
36'46  grm<*.  of  pure  HCl)  in  sufficient  water  to  form  one  litre  of  solution. 

In  order  to  obtain  a  normal  solution  of  sulphuric  acid,  which  contains  a  divalent 

SO/'  anion  corresponding  to  two  monovalent  H*  cations,  we  must  dissolve  the  quantity 

H,S04       98 
corresponding  to  one  mol-ion  of  H  only,  that  is,  — -z —  «---,  =  49  grms.  of  the  pure  acid, 

in  sufficient  water  to  form  one  litre.  In  this  case  equal  volumes  of  the  normal  solutions 
of  HCl  and  of  HjSO^  are  equivalent  and  will  saturate  the  same  quantity  of  a  basic  sub- 
stance. 

The  normal  solutions  of  bases  always  refer  to  one  gramme-ion  of  OH,  and  in  the  case 
of  polybasic  bases,  a  quantity  in  grammes  is  used  corresponding  to  one  OH  anion,  that  is, 
to  one  mol-ion  of  OH.  Equal  volumes  of  normal  solutions  of  an  acid  and  of  a  base  exactly 
neutralise  one  another,  because  the  OH'  anions  of  the  base  unite  with  the  H*  cations 
of  the  acid  to  form  undissociated  water,  which  is  neutral.    The  point  of  neutrality  is 
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rendered  evident  by  the  employment  of  indicators  which  indicate  colorimetrically  the 
add  or  alkaline  reaction  of  the  acids  or  bases.^ 

By  means  of  a  normal  solution  of  HCl  we  may  alwaj's  determine  the  quantity  of 
sodium  hydroxide  contained  in  any  solution  whatever,  because  we  know  that  36'46  grms. 
of  HCl  saturate  17  grms.  of  the  basic  OH  ion,  or  corresponding  quantities  of  basic  substances. 
In  the  case  of  sodium  hydroxide,  we  have  23  grms.  of  sodium  united  to  the  anion  OH, 
therefore  36-46  grms.  of  KCi  correspond  to  40  grms.  of  NaOH  (23  +  17  =  40). 

In  the  reverse  case,  with  a  normal  solution  of  a  base  we  are  always  able  to  determine 
the  concentration  of  any  acid  solution  ;  1  c.c.  of  normal  NaOH  solution  corresponds  to 
iH>3646  grms.  of  HCl  and  0-049  grms.  of  H^SO^,  &c. 

The  equivalence  of  the  normal  solutions  which  serve  as  standards  in  volumetric 
analysis  is  also  easily  demonstrated  by  the  fact  that  on  neutraUsing  equivalent  quantities 
of  strong  bases  with  a  given  quantity  of  strong  acid,  the  same  quantity  of  heat  is  always 
developed,  this  being  the  heat  of  neutraliscUion  which  is  proportional  to  the  number  of 
ions  which  unite  to  form  water,  independently  of  the  natiu*e  of  the  acid  and  the  base. 

NaOH'  +  H'a'  =  NaCr  +  HjO-h  13700  cal.  (due  to  H*  +  OH'  «  H,0) 
KOH'  +  HNO3'  «  KNO3'  +  H2O . . . .  +  13700  cal. 

Ca"*(OH)/  +  2H'a'  =  Ca'Clj'  +  2H2O. . .  +  27400  cal.,  that  is,  double  the  amount  of 
heat,  because  2H*  cations  unite  with  20H'  anions. 

We  may  also  consider  the  ions  of  non -dissociated  molecules  to  be  held  together  by 
large  amoiuits  of  chemical  energy,  whilst  those  of  the  greatly  dissociated  substances  have 
le^  affinity  with  one  another,  their  independent  existence  in  solution  being  thus  explained. 
The  dissociation  of  water  is  extraordinarily  small  (its  dissociation  constant  being  estimated 
&t  about  10"^*^  at  ordinary  temperatures,  whilst  at  50°  it  is  three  times  larger),  because 
the  H'  and  OH'  ions  have  a  strong  affinity  for  one  another  and  always  tend  to  combine 
to  form  undissociated  water.  We  can  thus  easily  explain  why  on  mixing  equal  volumes 
of  equivalent  solutions  of  acids  and  bases,  all  the  H'  and  OH'  ions  unite  to  form  neutral 
water  until  a  new  equilibrium  is  established  corresponding  to  the  minimum  dissociation 
of  water  (10"**).  Therefore  whatever  may  be  the  acids  and  bases  which  react,  the  heat 
which  ia  developed  is  always  duo  to  the  total  transformation  of  the  H*  and  OH'  ions 
into  H2O.     W^hen  mixing  dUute  salt  solutions,  on  the  other  hand,  there  is  no  evolution 

*  Indieaion  are  weak  organic  acidfl  or  bases,  aud  are  therefore  only  very  slightly  dissociated.  The  uou-disso- 
ciated.  portion  has  a  varying  colour  corresponding  to  the  free  ions,  and  since  the  typical  11'  and  OH'  ions  are  not 
coloared,  the  coloured  portion  of  basic  indicators  will  be  the  cation  and  the  coloured  iK)rtion  of  acid  indicators 
the  anion.  Ordinarily  acid  indicators  are  used,  and  not  salts,  bccamie  these  are  more  dissociated.  When  a  strong 
acid  i*  tttrat«d  with  a  base,  employing  an  acid  indicator,  the  numerous  U'  cations  of  the  strong  acid  completely 
lappreas  the  dissociation  of  the  indicator.  As  the  base  is  gradually  added  during  titration,  the  U'  cations  of  the 
strong  acid  gradually  disappear,  as  they  unite  with  the  OU'  anions  of  the  base  to  form  undissociated  water.  When, 
however,  all  the  H'  cations  are  saturated,  a  single  drop  of  the  base  in  excess  causes  formation  of  salts  of  the  indi- 
cator which  easily  dissociate,  and  wc  then  have  its  free  anion  of  characteristic  colour  which  indicates  the  end  of 
the  titration  (saturation). 

The  titration  is  complete  even  when  the  substance  which  ia  being  titrated  is  not  highly  dissociated,  because 
even  if  an  acid  is  not  highly  dissociated  and  only  a  part  of  its  cations  H'  are  in  the  free  state  (actual  ions),  these 
»r%>  in  a  certain  equilibrium  with  the  remaining  acid  hydrogen  which  is  not  dissociated  (potential  ions) ;  and  as 
the  basic  solution  employed  in  the  titration  gradually  reacts,  the  actual  ions  are  used  up  In  the  formation  of  water ; 
and  as  they  are  destroyed  the  equilibrium  between  the  actual  and  potential  ions  of  the  acid  is  disturbed  and  a 
part  of  the  latter  immediately  dissociates,  giving  actual  ions  to  r(»tore  the  equilibrium.  The  titration  process  con- 
tinue in  this  manner  until  all  the  11'  ions  of  the  acid,  including  those  which  were  not  at  first  dissociated; 
iiave  reacted  with  the  hydroxyl  of  the  base.  Thus  during  titration  in  general  all  the  acid  hydrogen  reacts,  and  not 
merely  the  hydrogen  which  is  dissociated  in  the  form  of  ions. 

In  order  to  measure  the  quantity  of  actual  ions  of  an  acid  or  a  base,  that  is,  in  order  to  ascertain  its  degree 
of  diiMociation,  it  is  necessary  to  measure,  as  we  have  already  said,  the  electric  conductivity  of  the  solution. 

If  a  very  weak  acid  is  ia  be  titrated,  its  dissociation  is  small  and  the  number  of  H'  cations  is  not  sufficient  to 
prevent  a  slight  dissociation  of  the  indicator.  In  these  cases,  therefore,  there  is  not  a  sharp  change  of  colour  at 
the  moment  where  the  neutral  point  is  passed,  and  the  titration  remains  uncertain  and  inexact.  In  such  cases 
this,  difficulty  is  avoided  by  using  very  weak  indicators,  such  as  phcnolphtlialcin  or  litmus,  and  by  titrating  with 
a  strong  base.  Weak  bases  should  be  titrated  with  a  strong  acid  and  a  strong  indicator,  such  as  methyl  orange. 
When  dissociated  this  preserves  its  characteristic  colour  even  at  iX)ints  very  close  to  the  neutral  point,  and  there- 
fore e\en  when  this  is  passed  to  the  extent  of  one  drop  of  strong  acid,  the  H'  cations  of  the  latter  ininiodiately 
reprcBo  all  diuociation  of  the  indicator  completely  and  its  colour  is  clianged.  In  general,  the  titration  of  weak 
acids  with  weak  bases  and  vice  vena  should  be  avoided.  When  a  strong  acid  is  titrated  with  a  strong  base,  any 
indicator  whatever  can  be  used  ;  but  even  if  a  salt  with  a  weak  cation,  such  as  ammonium  cliloride,  is  also  present, 
a  btrong  indicator  should  be  employed  and  not  phcnolphtlialcin,  because  the  NH.|'  cations  of  the  dissociated  ammo- 
nimn  salt«  fix  a  ix>rtion  of  the  OU'  anions  of  the  strong  base  with  which  they  unite  even  after  the  neutral  point 
has  been  passed,  ammonia  and  undissociated  water  being  formed  ;  and  thus  when  using  weak  indicators,  such  as 
phenolpbthalein,  many  OH'  anions  are  required  in  order  to  repress  dissociation,  so  that  one  obtains  an  uncertain 
titration,  whilst  strong  indicators  react  immediately  from  the  beginning  as  soon  as  the  neutral  point  is  passed. 
If,  on  the  other  hand,  the  salt  which  is  present  contains  a  weak  anion,  then  it  is  advisable  to  use  a  weak  indicator. 

I  7 
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of  heat,  because  the  ions  are  free  both  before  and  after  mixing,  and  no  combination  occurs 
though  the  contrary  was  believed  at  one  time. 

HEAT  OF  FORB^TION  OF  THE  IONS.  After  the  above  considerations  we 
are  also  able  to  deduce  the  heat  of  formation  of  the  ions.  The  heat  evolved  in  reactions 
between  acids  and  bases,  as  shown  by  the  above  equations,  is  simply  due  to  the  formation 
of  vra-ter  by  the  imion  of  H"  and  OH'  ions. 

But  it  is  evident  that  whatever  may  be  the  acid  and  the  base  which  react  to  form 
a  salt,  the  same  quantity  of  heat  will  cdways  be  developed  per  molecule  of  water  which 
is  formed,  on  condition  that  the  reacting  substances  and  the  salt  which  is  transformed 
arcv  completely  dissociated.  Otherwise  it  will  be  necessary  to  remove  or  supply  heat  to 
affect  the  ionic  dissociation  or  to  account  for  the  combination  of  ions  which  unite  to  form 
molecules. 

The  energy  contained  in  the  actual  ions  {see  preceding  footnote)  is  less  than  that 
contained  in  the  potential  ions  (non-ionised  substances).    ^The  molecules  of  chlorine 
gas  contain  much  more  energy  than  ionised  chlorine,  whilst,  on  the  other  hand,  the  differ - 
ence  in  energy  between  H'  ions  and  the  H,  gaseous  molecule  is  almost  zero.     We  may 
also  consider  the  chlorine  ion  and  the  molecule  of  chlorine  gas  as  allotropic  forms  of  the 
same  element,  and  therefore  they  should  actually  contain  different  quantities  of  energy. 
The  heat  of  ionisation  may  be  deduced  in  the  following  manner.    It  is  found  from  various 
considerations,  which  we  will  not  record  here,  that  gaseous  H^  on  passing  into  the  ionised 
condition  in  solution  would  develop  no  heat ;    H,  +  aq.  *=  2H*  aq.  +  zero  calories  ; 
the  heat  of  formation  of  one  molecule  of  hydrochloric  eicid  in  aqueous  solution  is  42»200 
calories,  that  is.  Kg  +  Cls  +  aq.  »  2H*Cr  aq.  +  42,200  C€ds.  x  2,  and  since  the  Hd 
is  dissociated  into  its  ions  2C1'  and  2H*,  and  since  we  also  know  that  the  ionic  dissociation 
of  hydrogen  takes  place  without  evolution  of  heat,  therefore  the  42,200  cals.  must  be 
exclusively  devoted  to  the  ionic  dissociation  of  chlorine  :  CI2  +  aq.»  2C1'  aq,  +  42,200  cals. 
As  we  see,  the  heat  of  formation  of  chlorine  ions  in  solution  must  be  equal  to  the  heat 
of  formation  of  HCl  in  solution.     And  we  may  say  in  general  that  the  heal  of  fomuUion 
of  any  acid  in  dilute  solution  is  equal  to  the  heat  of  formation  of  its  anions.    From  the  heat 
of  formation  of  their  salts,  we  may  deduce  the  heat  of  formation  of  the  metallic  cations. 
On  dissolving  Na  in  HCl,  NaCl  is  formed  with  evolution  of  H  and  of   57,100  cals.  for 
each  molecule  of  NaCl : 

Na,  +  2H'a'  aq.  «2Na"Cl'  aq.  +  H.  +  2  x  67100  cals. 

Since  the  H'  ions  of  the  HCl  on  conversion  into  gaseous  H,  do  not  develop  heat» 
and  the  other  new  products  of  the  reaction  are  only  the  2Na*  ions  (for  the  chlorine  ions 
already  existed  in  the  aqueous  Hd),  the  57100  x  2  cals.  are  entirely  due  to  the  fcnrmation 
of  the  2Na*  ions.  We  may  generalise  and  say  that  when  a  metal  reacts  with  an  acid  to 
form  a  saU  and  free  hydrogen,  the  heat  developed  depends  only  on  the  character  of  the 
metal  and  not  on  that  of  the  acid,  and  corresponds  to  the  heat  of  formation  of  the  metallic 
cation. 

DEGREE  OF  DISSOCIATION,  EQUIVALENT  AND  SPECIFIC  CONDUC- 
TIVITY. Dissociation  becomes  more  complete  as  the  solution  is  diluted,  and  varies  with 
the  nature  of  the  substance  itself.  Since  the  electric  conductivity  increases  with  the 
number  of  ions,  that  is,  with  the  number  of  dissociated  molecules,  we  may  measure  the 
degree  of  dissociation  of  a  substance  in  aqueous  solution  by  measuring  the  electric  con- 
ductivity, also  taking  the  mobility  of  the  ions  into  account. 

The  energy  of  acids  and  bases  is  also  the  greater  the  more  these  substances  are  dis- 
sociated into  the  corresponding  ions,  and  we  may  always  determine  it  by  means  of  the 
electric  conductivity.  HCl  is  actually  more  energetic  than  H^SO^,  -  and  this  latter  is 
more  energetic  than  acetic  acid,  because  if  we  take  equal  voliuues  of  normal  solutions  of 
hydrochloric,  sulphuric,  and  acetic  acids,  and  mix  them  with  the  same  weight  of  zinc,  on 
collecting  and  measuring  the  hydrogen  which  is  developed,  it  is  observed  that  in  equal 
times  much  more  hydrogen  is  formed  with  the  HCl,  less  with  the  H2SO4,  and  still  less 
with  acetic  acid. 

The  velocity  of  reaction  is  different  for  these  throe  acids,  and  we  see  that  HCl  reacts 
much  more  energetically  than  the  other  two  and  that  different  times  arc  required  for  the 
evolution  of  all  the  hydrogen  characteristic  of  these  acids.  If  we  measure  the  electric 
conductivities  of  normal  solutions  of  these  three  acids,  we  find  that  it  is  much  greater 
in  the  case  of  HCl,  less  for  H2SO4  and  still  less  for  acetic  acid,  and  that  the  relation  between 
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the  electric  conductivities  of  theae  acids  is  exactly  equal  to  the  relation  between  their 
velocities  of  reaction.  But  we  also  know  that  a  solution  conducts  the  electric  current 
the  more  easily  the  greater  the  number  of  free  ions,  and  the  greater  energy  of  reaction 
of  UCl  which  has  a  larger  number  of  free  ions  or  of  dissociated  molecules  is  thus 
explained.  The  strength  of  bases  may  also  bo  determined  by  the  electric  conductivity 
of  equivalent  normal  solutions. 

In  the  case  of  polybasic  acids,  the  dissociation  is  gradual  in  the  same  molecule,  thus 
H^iSOf  first  dissociates  into  the  two  monovalent  ions  H'  and  HSO4',  and  the  anion  HSO4' 
is  then  dissociated  at  a  later  stage  into  H'  and  S0^'\ 

The  degree  of  dissociation  (a)  of  various  electrolytes,  for  equivalent  solutions,  is  given 
bv  the  ratio  between  the  molecules  which  are  dissociated  into  ions  and  those  which  are 
undissodated,  and  may  be  deduced  in  two  ways,  namely,  from  the  osmotic  pressure 
and  from  the  electric  conductivity.  We  know  that  acids,  bases,  and  salts  in  aqueous 
solution  give  abnormal  osmotic  pressures  with  respect  to  their  molecular  weights,  deduced 
by  other  methods,  and  we  have  seen  that  these  abnormalities  are  due  to  the  dissociation 
of  molecules  into  ions.  Van't  Hoff  indicated  the  coefficient  which  expresses  how  many 
times  the  molecular  concentration  resulting  from  osmotic  determinations  is  greater 
than  that  theoretically  deduced  from  the  chemical  formula,  by  the  symbol  i.  If  we  now 
indicate  the  fraction  of  dissociated  molecules  in  1  mol.  of  a  given  salt  by  a,  and  the 
non-dissociated  portion  of  the  molecules  by  (1  -  a),  and  if  we  also  know  the  number,  n, 
of  the  ions  which  are  able  to  produce  the  completely  dissociated  molecule,  then  we 
have  n-a  free  ions,  and  thus  the  complete  number  of  molecules  and  ions  together,  that 
is, },  will  be:  »=1— a  +  na»l  +(n-l)a,  and  thus  we  may  also  deduce  the  degree 

of  dissociation,  a  «  -. 

n  -  1 

Arrhenius,  on  the  other  hand,  arrived  at  the  degree  of  dissociation  by  deducing  it 

from  the  electric  conductivity.     He  called  the  specific  conductivity,  ifc,  of  an  electrolyte 

the  current  intensity  which  is  produced  when  two  electrodes  of  siu-face  1  sq.  cm.  are 

immersed  in  the  electrolyte  1  cm.  apart  at  a  potential  difference  of   one  volt,  and  ho 

compared  this  for  different  electrolytes,  always  referred  to  the  same  concentration,  n, 

in  equivalents  per  c.c.  (normal  solutions).     (See  the  chapter  on  Electro-Chemistry  for 

definition  of  the  electrical  units.)    Then  the  equivalent  conductivity,  L,  is  given  by  the 

k 

formula  L  =»  — .     This  equivalent  conductivity  increases  on  dilution  and  it  tends  towards 

the  maximum  conductivity,  Lq,  which  corresponds  to  the  complete  dissociation  of  the 

molecule  into  ions,  that  is,  when  all  the  ions  take  part  in  the  transport  of  the  current.     It 

only  reaches  this  value  for  infinitely  dilute  solutions,  whilst  for  solutions  of  certain  salts 

(KCl,  NaCl,  &c.)»  this  conductivity  is  reached  oven  for  dilutions  which  are  not  very  large 

L 
and  easily  measurable.    In  these  cases  the  degree  of  dissociation,  a,  is  given  by  a  »  7-. 

On  determining  the  value  of  a  from  the  osmotic  pressure  or  the  corresponding  cryo- 
«opic  methods  and  from  the  electric  conductivity,  perfectly  concordant  values  are 
obtained  in  practice.  It  has  thus  been  possible  to  group  the  various  electrolytegB  according 
to  their  degrees  of  dissociation  into  strong  electrolytes,  which  arc  more  than  half  dissociated, 
even  in  solutions  of  considerable  strength,  such  as  the  alkali  salts,  the  acids  HCl,  HBr,  HI, 
HNO,,  HF,  and  HjS04,  the  alkali  and  alkaline  earth  bases,  the  quaternary  organic 
bases  (but  not  ammonia),  and  into  weak  electrolytes  which  are  very  slightly  dissociated, 
such  as  the  various  salts  of  heavy  metals  with  wetik  acids,  ammonia,  the  non -quaternary 
amino-organic  bases,  and  many  weak  acids,  such  as  sulphydric,  hydrocyanic,  boric,  car- 
bonic, sulphurous,  nitrous,  hydrochlorous,  iodic,  and  phosphoric  acids,  and  the  organic  acids. 

It  is  then  also  found  that  the  conductivity  of  solutions  varies  in  proportion  to  the 
square  root  of  their  dilution.  Thus,  if  a  solution  is  diluted  four  times,  its  conductivity 
is  reduced  by  half  ;  if  it  is  diluted  ten  times,  the  conductivity  becomes  3-16  times  less. 

ISOHYDRISM  AND  IONIC  EQUILIBRIUM.  The  ionic  equilibrium  in  solutions 
of  electrolytes  may  be  influenced  by  various  means  and  as  in  the  dissociation  of  gases,  for 
example,  of  the  vapours  of  PCI5  into  PCI  3  +  CI  2,  the  dissociation  is  repressed  by  addition 
of  CI,  or  PCI  3,  80  by  the  addition  of  an  electrolyte  to  another  electrolyte,  having  a  common 
ion,  the  dissociation  is  influenced  in  a  manner  which  is  also  regulated  by  the  law  of  mass 
Action  (Me  p.  66). 
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When  two  electrolytes  having  a  common  ion  are  mixed,  then  if  the  concentration  of 
these  ions  is  equal  in  the  two  solutions  (ieohydric  aoltUiona),  no  vajiation  of  the  degree  of 
concentration  will  take  place  even  after  mixing.  But  on  mixing  two  acids  the  degrees 
of  concentration  of  which  are  different,  the  degree  of  dissociation  of  both  the  acids 
will  be  lowered,  but  that  of  the  weaker  acid  will  be  influenced  much  more  greatly.  The 
same  remarks  apply  to  bases  and  all  weak  electrolytes.  In  general,  the  further  removed 
two  solutions  of  electrolytes  €ure  from  being  isohydric,  the  greater  will  be  the  conductivity 
of  the  mixture  compared  with  that  of  the  original  solutions. 

In  normal  solutions  of  ammonia  and  acetic  acid,  the  degrees  of  dissociation  are  0*5 
and  0-4  per  cent,  respectively.  On  adding  to  the  first  of  these  a  normal  solution  cf  an 
ammonium  salt  and  to  the  second  a  normal  solution  of  an  acetate,  these  values  are  reduced 
to  0-0022  and  0-0018  per  cent,  respectively.  We  see  from  this  that  it  is  possible  to  diminish 
the  acid  or  basic  properties  of  solutions  of  acids  and  bases  very  greatly,  and  we  may  thus 
explain  how  in  presence  of  much  ammonium  chloride  magnesium  salts  are  not  precipitated 
by  ammonia  as  magnesium  hydroxide,  and  why  the  precipitation  of  zinc  by  means  of 
hydrogen  sulphide  is  prevented  if  a  strong  acid  is  added  to  the  solution  of  the  zinc  salt,  so  that 
the  concentration  of  the  H'  ions  is  increased  and  consequently  the  concentration  of  the  sul- 
phm*  ions  of  the  weak  precipitating  acid  HjS  is  decreased.  When  wool  is  dyed  industrially 
in  a  bath  acidified  with  sulphuric  acid,  the  fixation  of  the  dyestuff  may  be  moderated 
by  diminishing  the  acidity ;  this  diminution  of  acidity  and  consequent  retardation  of 
the  dyeing  process  is  obtained  by  adding  sodium  sulphate,  which  decreases  the  dissociation 
of  the  sulphuric  acid,  because  it  augments  the  concentration  of  the  SO4"  anions. 

MOBILITY  OF  THE  IONS  AND  TRANSPORT  NUMBERS.    If  we  indicate 

the  velocity  which  a  cation  acquires  for  a  potential  difference  of  one  volt  per  cm.  by  u,  and 

the  corresponding  relative  velocity  of  an  anion  moving  in  the  positive  direction  by  v, 

then  knowing  that  the  charge  of  an   equivalent   ion  is  always  the  same,  F  coulombs 

(96,540  coulombs  per  gramme-ion),  it  is  clear  that  between  the  electrodes  w .  i^  coulombs  of 

positive  electricity  move  each  second  with*  the  cations  and  v.F  coulombs  of  negative  elec- 

'tricity  with  the  anions,  and  therefore  the  total  current  Lq  which  is  established  will  be 

■^0=  (^  +  v).F  coulomb -seconds  or  amperes.     During  this  movement  of  the  ions  a 

certain  number  of  cations  will  depart  from  the  anode,  and  a  certain  number  of  anions 

from  the  cathode,  so  that  in  the  proximity  of  the  electrodes  there  will  be  a  diminution 

of  concentration  by  measuring  which,  per  unit  of  time,  we  wiU  obtain  an  expression 

for  the  ratio  of  the  velocities  of  the  ions  themselves.     The  ratio  of  the  diminutions  of 

concentration  of  the  ions  in  the  neighbourhood  of  the  two  electrodes  also  represents  the 

u 
ratio  -.      If  from  the  variation  of  concentration  of  one  of  the  ions  which  is  found  in  a 

V 

given  time  we  calculate  how  many  coulombs  have  been  transported  by  it,  and  if  w^e 
compare  tliis  number  of  coulombs  with  the  total  number  which  pass  through  the  elec- 
trolyte in  the  same  time,  we  obtain  the  so-called  transport  numbers,  which  may  be 

u  V 

represented  by  the  fractions and  • 

^  "^  tt+V  u  -{■  V 

For  many  salts  in  dilute  solution  the  transport  number  is  foimd  to  be  about  0-5  (for 
JKCl,  for  example,  O-^O?),  and  this  signifies  that  half  of  the  electric  current  is  transported 
by  the  cation  and  the  other  half  by  the  anion,  and  thus  the  two  have  the  same  juobility. 
The  transport  number  1  would  indicate  that  the  whole  of  the  current  was  transported 
by  tlie  anion  or  by  the  cation  only,  and  this  is  never  actually  the  case. 

Kolilrausch  calculated  the  equivalent  conductivity  Lq  for  dilute  solutions  of  KCl, 

Lq=^  {u  •\-  v)  96540  =  130'1,  and  since  we  also  know  that  for  KCl  the  transport  number 

u 
=  0-497,  it  is  possible  to  also  calculate  the  values  of  u  and  v,  and  from  these,  by 

taking  into  account  the  (maximum)  conductivity  equivalent,  we  may  deduce  the  mobility 
of  the  ions  of  other  salts. 

The  mobility  of  the  H*  ions,  characteristic  of  acids,  is  about  five  times  that  of  the 
OH'  ions,  characteristic  of  bases,  and  about  three  times  that  of  the  more  mobile  ions 
of  any  other  substance,  and  this  explains  why  on  comparing  the  strong  electrolytes 
the  acids  and  the  bases  are  much  better  conductors  than  the  neutral  salts,  even  if  these 
latter  are  largely  dissociated,  when  equivalent  solutions  are  compared.  In  the  case  of 
electrolytes  with  polyvalent  ions,  the  relations  are  more  comphcated,  but  for  elementary 


•     •         » 


COLOUR    OF    IONS:    E  L  E'C  T  ft:0  N  3  J   " :  "m 

ions  in  general  the  mobility  is  a  periodic  function  of  the  atomic  weight,  whilst  for  complex 
ions  it  diminishes  mo  *  or  less  regularly  with  increase  of  the  number  of  the  components 
of  the  ion. 

At  low  temperatures  all  ions  tend  to  acquire  the  same  mobility. 

COLOUR  OF  THE  IONS.  The  metallic  cations  are  those  which  determine  the 
colour  of  the  solutions  of  various  substances.  Thus,  for  example,  the  divalent  ferrous 
cation  is  green,  and  the  solutions  of  all  salts  containing  divalent  iron  are  also  green  (ferrous 
sulphate  and  chloride,  &c.) ;  the  trivalent  ferric  cation  is  yellow,  and  all  solutions  of 
salts  containing  trivalent  ion  are  also  yellow  (ferric  chloride,  nitrate,  &c.). 

Ostwald  found  that  the  absorption  spectra  of  the  various  permanganates  (MnO/X') 
in  equivalent  solutions  are  always  the  same,  and  thus  this  spectrum  is  due  to  the  anion 
MnO/,  whatever  may  be  the  metallic  cation  (X*)  with  which  it  is  combined.  On  the 
other  hand,  all  ions  which  are  found  in  colourless  solutions  have  no  colour  of  their  own. 
Such  ions  are  H',  Na',  K*,  Ca",  Ba",  Mg",  SO/',  CIO/',  NO3',  F',  a',  Br',  I',  &c.  The 
ionic  constituents  of  electrolytes  do  not  generally  influence  one  another  reciprocally, 
and  their  specific  characteristics  are  found  in  the  most  varied  combinations.  Thus  Valson 
has  found  that  the  difference  of  specific  gravity  between  equivalent  solutions  of  NaCl 
and  KCl  always  remains  the  same  even  if  the  chlorine  of  the  two  salts  is  substituted 
by  other  acid  residues,  and  in  this  way  he  confirmed  that  the  ions  of  an  electrolyte  do 
not  influence  one  another  reciprocally. 

IONS  AND  ELECTRONS.  The  ions  are  the  so-called  vehicles  of  the  electric  current 
and  move  without  expenditure  of  energy  (Clausius  and  Helmholtz),  so  that  the  negative 
current  which  transports  the  anions  (CI',  SO4",  &c.)  moves  from  the  negative  to  the 
pasitive  pole,  that  is,  from  the  cathode  towards  the  anode,  whilst,  on  the  other  hand,  the 
positive  current  passes  from  the  positive  pole  (anode)  to  the  negative  pole  (cathode). 

The  ions  may  be  considered  as  minimal  quantities  of  simple  or  compound  substances 

corresponding  to  parts  or  fractions  of  molecules,  and  for  each  gramme -ion  and  for  each 

valency  of  these  ions,  a  positive  or  negative  electric  charge  of  96540  coulombs  is  present. 

In  the  electrolysis  of  silver  salts,  wo  know  that  for  each  coulomb  I'll 81  mgrms.  of  silver 

arc  separated,  and  from  the  recent  studies  of  Plank  on  the  new  law  of  radiation  it  has 

been  found  that  one  gramme-ion  of  any  substance  contains  a  number  of  ions  equal  to 

0*617  X  10^,  that  is,  about  half  of  a  quadrillion ;  that  is  to  say,  an  ion  of  hydrogen 

weighs  1-617  x  10"**  grm.     We  can  deduce  from  this  that  the  quantity  of  electricity  accom- 
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panying  a  free  monovalent  ion  is  ^  .    rr^,  that  is,  15-63  x  10"^  coulombs,  whilst 

a  divalent  ion  would  have  a  double  charge,  a  trivalent  ion  a  triple  charge,  &c.  This 
smallest  quantity  of  electricitiy  which  is  known  in  the  free  state  and  accompanies  the 
smallest  quantity  of  matter  (the  monovalent  free  ion)  is  called  the  electron. 

Wo  thus  have  negative  electrons  which  are  represented  by  the  symbol  3  and  positive 
electrons  represented  by  the  symbol  ( + ),  corresponding  to  the  anion  and  cation  of  any 
dissociated  substance,  whilst  in  non-dissociated  substances  the  two  ions  with  their 
opposite  charges  are  united  and  form  the  nevtron  3  ( + ).  The  degree  of  electrical  con- 
ductivity of  substances  is  thus  dependent  on  the  degree  of  dissociation  of  the  neutrons. 
The  neutrons  of  metals,  for  example,  will  be  strongly  dissociated,  and  this  will  explain 
why  they  are  such  good  conductors,  and  their  rise  in  temperature  during  the  passage 
of  the  current  is  due  to  friction  between  the  electrons,  because  in  the  solid  metal  the 
solvent,  which  should  serve  as  a  sort  of  lubricant  for  the  movements  of  the  electrons 
themselves,  as  is  the  case  in  solutions,  is  lacking. 

During  electrolysis  the  ions  which  arrive  at  the  electrodes  separate  neutral  matter 
and  the  electrons  which  formed  the  electric  charge  of  the  ions  are  liberated  and  continue 
their  course,  disunited  from  the  matter  with  which  they  were  at  first  joined,  tlirough  the 
metallic  wire  of  the  circuit  of  the  cell.  It  is  not  necessary,  however,  to  deny  that  the 
last  word  has  not  been  said  on  the  ultimate  nature  of  electrons. 
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COLLOIDAL  SOLUTIONS  ("SOLS"  AND  "GELS") 

We  have  already  seen  what  important  laws  may  be  deduced  from  the  study  of  true 
dilute  solutions f  and  how  van't  Hoff  established  interesting  relations  between  the  osmotic 
pressure,  molecular  weight,  and  pressure  of  the  dissolved  substancoa  in  the  gaseous  st-ate. 
We  have  seen  how  dissolved  substances  diffuse  easily  through  the  solvent,  through  other 
substances  which  are  also  in  solution,  and  also  through  partitions  formed  of  various 
substances,  and  more  precisely  of  substances  which  do  not  follow  the  laws  of  van't  Hoff 
and  which  are  not  electrolytes  in  the  ordinary  sense,  such  as  we  have  studied.  ^  There 
are,  in  fact,  substances  which  yield  aqueous  solutions  but  do  not  exercise  any,  or  scarcely 
any,  osmotic  pressiu*e,  and  thus  have  a  minimal  or  zero  power  of-  diffusion,  especially 
through  membranes  formed  of  substances  of  this  same  category.  On  mixing  solutions 
of  these  two  different  kinds,  they  may  be  easily  separated  again  by  introducing  the 
mixture  into  a  dialyser  {see  below),  and  then  that  substance  only  which  has  a  strong  power 
of  diffusion  will  pass  through  the  porous  parchment  membrane  which  is  immersed  in 
water.^ 

The  classical  studies  of  Thomas  Graham  (1862),  which  remained  forgotten  for  a  long 
time,  have  opened  up  a  new  horizon  in  connection  with  dialysis  during  these  later  years,  by 
the  explanation  of  certain  industrial  processes  and  by  new  applications  which  have  recently 
been  made  and  which  we  will  record  later.  Substances  which  diffuse  through  the  dialyser 
often  remain  behind  in  the  crystalline  condition  when  the  solvent  is  evaporated  and 
re-form  the  original  solution  when  mixed  with  the  solvent.  This  process  is,  therefore, 
reversible  and  these  substances  are  called  crystalloids;  those  which  do  not  diffuse  are 
amorphous  when  the  solvent  is  separated  ;  they  are  analogous  to  glue  and  rarely  re-form 
the  original  solution  when  mixed  with  the  solvent.  This  is,  therefore,  an  irreversible 
'procesSy  and  these  substances  are  called  colloids. 

As  the  osmotic  pressure  observed  in  colloidal  solutions  is  extremely  small  we  may 
infer  that  colloids  have  an  extremely  large  molecular  weight,  or  at  least  we  must  admit 
that  they  do  not  form  true  solutions,  but  pseudo-solutions,  or  suspensions  of  finely  divided 
solids  or  liquids  in  another  liquid.  Graham  called  these  pseudo-solutionB  sols,  and 
hydrosols  if  they  were  formed  in  water.  The  substance  which  separates  from  a  sol  on 
eliminating  the  solvent,  on  heating  it  or  on  coagulation  by  other  means,  was  called  a  gel, 
or  a  hydrogel  if  the  solvent  had  been  water.  The  phenomenon  of  the  separation  of  the 
gel  is  called  gelatiniscUion  or  gelificaiion. 

In  the  case  of  a  very  fine  suspension  of  a  solid  in  a  liquid,  the  sol  is  called  a  suspensoid, 
whilst  in  the  case  of  a  very  fine  suspension  of  a  liquid  it  is  called  an  emulsoid.  These  latter 
are  generally  found  already  formed  in  nature  (egg  albumen,  milk  fat,  &c.).  Colloids 
in  general  may  be  considered  as  heterogeneous  systems,  the  phases  or  components  of  which 
may  be  separated  by  physical  means. 

The  dialyser  (Fig.  33)  which  serves  to  separate  colloidal  from  crystalline  substances, 
is  formed  of  a  vessel  the  base  of  which  is  closed  by  a  membrane  of  natiu-al  or  artificial 
parchment.  The  mixture  of  the  above-mentioned  substances  is  poured  into  this  and  the 
instrument  is  then  partially  immersed,  in  the  case  of  hydrosols,  into  a  vessel  containing 
water,  which  is  gradually  renewed.  After  a  certain  time  the  crystalloid  substance  will 
have  passed  almost  completely  into  the  external  water,  and  the  aqueous  colloidal  solution 
will  remain  inside. 

Hydrosols  have  all  the  external  appearance  of  true  solutions  because  they  appear 
to  be  perfectly  homogeneous,  may  be  filtered  without  leaving  any  solid  residue  on 
the  filter,  and  do  not  even  show  any  discontinuity  of  the  mass  under  the  microscope. 
All  the  same  they  must  be  considered  as  heterogeneous  systems  for  the  following  reasons  : 
On  allowing  a  colloidal  solution  to  stand  for  a  long  time  in  a  tall  vessel  the  solution 
^  becomes  more  concentrated  below,  sometimes  even  forming  a  sediment,  and  becomes 
N  more  dilute  above  ;  that  is  to  say,  through  the  influence  of  gravitation,  one  portion 

*  This  phenomenon  of  diffusion  through  a  semi-permeable  membrane  cannot  be  considered  as  an  exclusively 
mechanical  function  In  which  the  membrane  merely  acts  as  a  sieve  and  aUo^K-s  the  smaller  molecules  to  pass  through 
its  pores  and  not  the  larger  ones.  We  are  obliged  to  admit,  on  the  contrary,  a  species  of  free  selection  by  the  mem- 
brane of  the  various  substances  which  it  allows  to  pass,  by  first  dissolving  them  Independently  of  their  molecular 
Bi«e.  Graham  already  showed  this  in  the  case  of  gasos.  Thus,  if  a  mixture  of  hydrogen  and  carbon  dioxide  is 
enclosed  in  a  soap-bubble»  the  latter  diffuses  through  the  wall  of  the  bubble  because  it  is  soluble  in  soap,  whilst 
hydrogen  does  not  diffuse  although  its  molecules  are  much  smaller,  because  it  la  only  very  slightly  soluble 


COLLOIDAL    SOLUTIONS  108 

■^  the  coUoid  ia  carried  to  the  bottom,  which  would  not  be  the  case  for  a,  true  solution. 
MeUlB  have  b;en  pulverised  under  waUr  by  electrical  means  and  hydiwols  rceulted.  In  this 
case,  the  Idea  that  the  metAla  are  dissolved  is  excluded  a  prion*.  Finally,  colloidal  solutions 
offer  a  great  resistance  to  the  passage  of  the  electric  current,  and  the  small  conduc- 
tivity which  they  showis  not  due  bo  a  dissociation  into  ions,  but  entirely  to  the  migration 
of  a  part  of  the  colloid  towards  one  of  the  electrodes.  It  they  were  true  solutions,  the 
boding-  and  treeaing- points  would  be  different  from  that  of  the  solvent,  which  is  not  the 

On  adding  an  electrolyte,  tor  oiamplB  an  acid,  to  a  hydrosol,  a  hydrogcl  is  easily 
formed,  that  is,  the  sol  is  gelatinised,  and  this  occurs  with  more  or  less  ease  in  strict 
relationship  with  the  dissociation  constant  of  the  electrolyte.     Thus  the  action  of  salts 
OQ  hydroBoIs  is  analogous  to  that  which 
they   produce   in   fine   mechanical    suspen- 
sions, as  is  known  in  the  case  of  kaolin  and 
oltiamarino  suspended  in  water.    A  colloidal 
solution  of  silicic  acid  is  immediately  coagu- 
lated by  the  addition  of  minimal  traces  of 
soda  or  by  a  few  bubbles  ot  carbon  dioxide. 

But  the  material  demonstration  that 
hydroeols  are  mechanical  homogeneous 
suspensions  can  be  effected  by  optical 
examination  ot  these  pseudo-solutions  as 
the  Tyndall  phenomenon '  can  be  produced ; 
and  by  means  of  the  ul  Ifa -microscope »  wo 
are  able  to  see  particles  of  a  diameter  of 
5  fift  (that  is,  live-millianths  of  a  milli- 
metre). Holecnics  of  medium  size  have  a 
diameter  ot  about  0-6  millionths  of  a  milli-' 
metre,  and  are,  therefore,  not  visible  under 
the  ultra -microscope. 

A  colloidal  solution  containing  6  mgrat.  ^^'  ^'■ 

of  gold  per  o.c.  contains  about  one  thousand 

million  particles  of  suspended  gold  per  cu.  mm.,  that  is,  one  trillion  particles  per  c.c  The 
total  surface  of  these  particles  is  626  sq.  ms.  per  o.c,  which  explains  the  rrdalytir  action  ot 
colloidal  9oluti(ms. 

The  small  suspended  particles  of  hydrosols  can  be  clearly  seen  with  the  ultra- microscope. 
They  are  endowed  with  a  rapid  zigzag  movement  similar  to  the  Broumian  movemnU. 
There  are,  however,  other  hydrosols,  the  suspended  particles  of  which  are  still  smaller 
than  the  limiting  sixe  which  can  be  detected  by  the  ultra -microscope,  namely,  less  than 
a  fifi,  so-called  anieroseopic  •paHides.  Lobry  de  Bruyns  and  van  Oalcar  subjected  colloidal 
solutions  to  centrifugation  at  the  highest  speeds,  and  found  that  the  suspended  particles 

:ion,  or  *lno  Into  mir  fned  from  atniDaphPTle 
Ion  perpnnilirulsr  lo  thD  dlrrctlon  ot  the  nj, 
:)«  In  thi:  Liquid  which  are  aiupendnl  mil  not 

inr  iiKni  HI  rvny  oiihtiuid.  idiius  cur  me  ocwrver  olllip  liquid  will  prrcelvc  light  tpatctiKl  trom  thnr  luml- 
Dciu  pointu,  and  thl«  light  will  lita  be  polarisdd.  Thl»  In  ihc  TyniUlI  phPnonwnun.  The  eunpcndoil  p&rticlis  o! 
coUokUl  M>lutiaiu  ue  not  vlnlble  In  [hlx  manner  lo  the  naked  aye.  but  in  1903  slolenlopt  and  Zaigmoniljr  rrjiio- 
loced  the  Tyndall  phenomenon  noder  Ihr  micnwope.  and  the  coltoldBl  ptrttrlee  thm  rendered  visible  arr  called 
ultra -mlcmvoplc  parilclu,  and  thiH  study  la  now  ealled  iiItm-aiIeroT«cupy. 

*  The  ultra- mlonwcopc  of  Sledentopr  and  Zslgmondy  Is  an  ordinary  inlcrosrope  under  whkh  an  ordinary 
Innaparent  objnit  in  obaer^ed,  which,  however,  Is  illuminated  lst«raUy  by  powerful  light  r«)-8.    If  the  objcel  \t 
k  true  eototUm.  and  therefore  perfectly  clear,  none  of  the  raya  will  penetrate  Into  the  objective,  and  thcrefiire 
I  appears  perfedlydark  to  the  eye,  aa  the  lllundnallon  in  entirely  latent.  I(ul  Itthercaregtlllaolid  parlielis 

_..^,__  .. ....  ^ .  ^  jj(  luminous  ray«  and  show  refraction  plwnomena.  ami  thus  cerlaln  lunii- 

ugh  the  objective  and  arrive  at  the  eye.  The  apprirance  ia  thus  produced 
with  lumlnoui  polnta,  much  tike  a  aUrry  nky,  which  dcnol«  the  eiinlmcc  of  thc«e  iinr- 
cm  >iucii  ruuiu  noi  oe  distinguished  by  any  other  mcani.  In  fact,  an  analoEOus  phenomenon  is  produced  lo 
■at  whichisobwripd  when  a  ray  of  Kuidlght  entema  dark  or  only  slightly  illuminated  room.  The  whole  of  I  ho 
iminow  ray  appears  to  be  Blled  by  myriad*  of  mobile  corpuwleo.  These  are  due  to  the  dust  ot  Ihe  atmoaphere, 
Mch  renders  a  partially  luminous  ray  visible  lo  our  eyes  by  reflect  Ion,  whilst  In  nrdinary  ca«9,  when  re)M^I<'d 
r  Iranamllted  light  from  a  window,  we  do  not  »ee  them,  Theslie  of  these  partlclei  varies  from  „J,„j  to  ,n,,'(in"- 
r  even  to  [■ninnc  "*  a  mm.  These  partldea  poueH  Brownlan  movemenls.  the  csuae  of  *hich  b  not  known 
at   which  appear  to  nme  to  present  a  ease  of  perpetual  motion,  and  Ihus  of  an  exception  to  the  principle  of 

Ik  oowtmttiqn  of  ™<n<y 
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accumulated  at  the  circumference  and  not  in  the  centre,  which  is  a  further  confirmation  of 
the  heterogeneous  nature  of  sols. 

Since  Rayleigh  has  found  that  the  light  reflected  from  very  small  material  particles 
is  composed  of  light  of  very  short  wave-lengths,  Weimam  (1907)  believes  that  still  smaller 
particles,  less  than  Sfifi  in  size,  could  be  detected  by  the  ultra-microscope  by  illuminating 
the  field  by  light  rich  in  ultra-violet  rays  (by  means  of  fluorescent  screens,  mercury  vapour 
lamps,  or  cadmium  lamps). 

Bredig  and  Billitzer  found  that  the  particles  of  hydrosols  also  carry  an  electric  charge, 
though  this  is  much  smaller  than  that  of  ions.  On  passing  an  electric  current  through  a 
hydrosol  the  particles  will  be  carried  towards  the  anode  or  the  cathode,  according  to 
their  charge,  in  spite  of  the  great  resistance  afforded  by  the  solution.  The  difference 
of  electric  potential  between  the  suspended  particles  and  the  liquid  medium  in  which 
they  are  present  is  in  strict  accordance  with  the  surface  tension  of  the  liquid  or 
medium  which  holds  them  in  suspension.  This  potential  difference  can  be  greatly 
influenced  by  the  addition  of  certain  ions  or  electrolytes,  as  was  experimentally  shown 
by  Hardy  and  Billitzer  among  others.  Thus,  if  an  electrolyte  is  added  to  a  hydrosol  a 
hydrogel  is  precipitated,  and  this  absorbs  a  definite  portion  of  the  ions  of  the  electrolyte, 
namely,  a  portion  of  opposite  charge  to  the  particles  of  the  hydrosol  itself,  forming  a 
neutral  gel.* 

Lottermoser  found  that  a  given  hydrosol  is  only  stable  on  condition  that  a  certain 
number  of  iohs  are  present  by  means  of  which  equilibrium  is  maintained.  Therefore  it 
is  not  possible  to  completely  separate  the  crystalloid  from  a  colloidal  solution  by  means  of 
dial3^is,  because  a  portion  of  the  ions  of  the  former  serves  to  maintain  the  colloid  itself  in 
the  state  of  hydrosol.  The  presence  of  this  part  of  the  ions  in  the  formation  of  a  hydrosol 
also  explains  the  electric  conductivity  of  the  latter,  however  small  it  may  be.  Colloidal 
metals  are  generally  carried  to  the  positive  pole,  therefore  they  carry  a  negative  electric 
charge.  Aluminium  and  iron  hydroxides,  on  the  other  hand,  are  carried  to  the  negative 
pole,  and  therefore  carry  a  positive  charge.  It  has  been  found  possible  in  practice  to  even 
transform  a  hydrogel  into  a  hydrosol  by  means  of  a  solution  of  ions  of  definite  concentration, 
corresponding  to  that  necessary  for  the  formation  of  the  hydrosol.  Thus  Graham  already 
succeeded  in  transforming  (peptonising)  200  grms.  of  a  gel  of  silicic  acid  into  a  hydrosol  by 
means  of  a  solution  of  one  part  of  NaOH  in  10,000  parts  of  water  by  heating  for  sixty 
minutes  at  100°.  In  the  same  way  ferric  hydroxide  or  gelatinised  aluminium  hydroxide 
may  be  peptonised  with  small  traces  of  hydrochloric  acid. 

If  two  hydrosols  carrying  equal  electrical  charges  of  opposite  sign  are  mixed,  they  are 
mutually  precipitated.  This  also  explains  the  great  gelatinising  power  of  certain  salts 
with  polyvalent  cations,  even  when  present  in  small  quantity,  on  negatively  charged 
hydrosols.  Salts  with  monovalent  cations  need  to  be  added  in  much  larger  quantities, 
on  the  other  hand,  in  order  to  produce  the  same  gelatinisation.  Certain  polyvalent  cations 
have  a  precipitating  power  (separation  of  gel)  a  thousand  times  greater  than  that  of  mono- 
valent cations.  If  hydrosols  of  equal  electrical  charge  of  the  same  sign  are  mixed  no 
gelatinisation  takes  place,  but  the  mixture  has  properties  different  from  those  of  the  indi- 
vidual components,  as  may  be  sho\^Ti  by  their  different  behavioiu*  with  regard  to  electro- 
lytes. In  fact,  the  properties  of  that  component  which  is  more  stable  w^ith  respect  to 
electrolytes  predominates  in  the  mixtiu-e,  and  thus,  whilst  the  red  gold  hydrosol  becomes 
blue  on  adding  an  electrolyte,  when  mixed  with  the  hydrosol  of  stannic  acid  the  addition 
of  an  electrolyte  still  causes  the  separation  of  the  gel,  but  the  properties  of  the  stannic  acid 
are  changed  and  not  that  of  the  gold,  which  retains  its  red  colour  in  the  gel.  Wo  may  thus 
say  that  the  stannic  acid  hydrosol  has  a  protective  action  on  that  of  gold,  and  similarly 
certain  organic  hydrosols  (false  hydrosols)  which  are  not  gelatinised  by  electrolytes,  when 
mixed  with  true  hydrosols,  which  are  gelatinisable,  exercise  a  protective  action  to  fmch 
an  extent  that  the  gelatinisation  of  the  two  by  the  addition  of  electrolytes  is  prevented. 

*  Billitzer  believes  that  each  susprndod  particle  of  a  hydroftol  Is  accompanied  by  a  definite  quantity  of  water 
in  a  Btate  of  latent  dissociation  (hydrolysiK),  and  according  to  whether  this  discharges  II'  or  OH'  ions  into  the 
solution  we  have  particles  of  positive  or  negative  character.  The  actual  precipitation  of  hydrosols  in  the  form  of 
gels  by  the  action  of  electrolytes  appears  to  be  due  to  the  union  of  cations  or  anions  of  the  electrolyte  with  the 
anions  OH'  and  cations  H*  accompanying  the  particles  of  the  hydrosol  to  form  neutral  molecules.  But  froo  ions  of 
H*  or  OH'  remain,  which  do  not  combine,  and  thus  the  solution  acquires  an  acid  or  basic  character.  It  we  have, 
for  example,  a  hydrosol  with  n(^ativo  particles,  its  (OH')  anions  will  unite  with  the  cations  of  the  electiolj-te 
which  is  added  (for  example,  a  salt)  and  the  neutral  gel  will  separate ;  but  free  H'  cations  of  the  hydrosol  will 
remain  after  hydrolysis  has  occurred,  and  the  liquid  will  acquire  an  acid  reaction.  This  fact  has  been  actually 
confirmed  in  practice  in  the  case  of  various  reactions  of  colloidal  Bolutiona. 
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These  substances  are  called  protective  colloids,^  and  are  capable  of  transforming  irreversible 
inorganic  colloids,  that  is,  those  of  which  the  gels  are  not  re  transformable  into  sols,  into 
reversible  colloids,  and  use  is  made  of  this  fact  in  medicine  in  order  to  retain  in  solution 
certain  colloids  which  greatly  affect  the  human  organism  (collargol,  &c.). 

The  general  conditions  which  are  favourable  to  the  formation  of  hydrosols  may  be 
summarised  as  follows.  In  solutions  in  which  hydrosols  are  to  be  formed,  pol3rvalont 
ions  of  contrary  charge  should  be  absent,  and  the  concentration  of  the  monovalent  ions 
should  not  exceed  the  limiting  value  above  which  they  cause  the  formation  of  a  gel,  that  is 
to  say,  in  general  very  dilute  solutions  are  required.  Other  hydrosols  may  be  obtained 
by  acting  on  colloids  with  solutions  of  electrolytes  which  give  a  reversible  precipitate, 
that  is,  one  capable  of  being  reconverted  into  a  hydrosol  by  the  simple  action  of  water. 
The  use  of  protective  colloids  facilitates  formation  of  hydrosols,  even  if  the  concentration 
limit  of  the  elecU^ljrte^  which  are  present  is  exceeded. 

Brodig,  and  later  Billitzer,  have  obtained  hydrosols  of  the  noble  metals  by  dispersing 
them  by  mc^ns  of  the  electric  spark,  under  water,  and  the  sols  of  the  other  metals  by 
employing  indifferent  organic  solvents  (organosols).  In  these  latter  cases  it- is  not  possible 
to  obtain  hydrosols  because  these  metals  decompose  water  when  so  finely  subdivided. 

In  order  to  prepare  a  hydrosol  of  gold,  Bredig's  arrangement  may  be  used  (Fig.  34). 
In  a  vessel,  ^S^,  of  about  100  c.c.  capacity, 
cooled  externally  with  ice,  purest  distilled 
water  is  placed,  to  which  a  trace  of  sodium 
hydroxide  (0-01  grm.  of  normal  NaOH)  has 
been  added  ;  2  cms.  below  the  surface  of 
the  water  are  two  electrodes  of  gold  wire, 
C  of  about  1  mm.  diameter  ;  the  points 
of  these  are  brought  together,  a  ciurent 
of  8  to  10  amperes  at  100  volts  is  passed, 
and  they  are  then  separated  from  one 
another  by  I  to  2  mm.,  moving  them  in  such 
a  manner  that  small  voltaic  arcs  are  formed  Fio.  34. 

which  give  a   special  sound.     It  is  more 

especially  the  cathode  which  is  then  dispersed,  forming  extremely  fine  particles  which  pass 
through  filters  and  give  a  bright  red  solution  which  remains  unchanged  on  standing  even 
for  two  years. 

A  colloidal  solution  of  gold  is  more  easily  obtained  by  dissolving,  for  example,  15  mgrms. 
of  cr3rBtalline  gold  chloride  and  0*6  grm«».  of  potassium  bicarbonate  in  125  c.c.  of  pure  water 
di.«*tillcd  through  a  silver  coil.  On  boiling  this  liquid  and  then  adding  0*01  c.c  of  commercial 
formaldehyde,  an  intensely  red  solution  of  colloidal  gold  is  obtained,  which  is  very  sensitive 
to  electrolytes.  Colloidal  solutions  of  ferric  hydroxide  are  obtained  by  dissolving  the 
hydroxide  in  ferric  chloride  and  then  eliminating  the  latter  by  dialysis.  A  colloidal  solution 
of  silicic  acid  may  also  be  obtained  by  treating  a  concentrated  solution  of  sodium  silicate 
yvith.  hydrochloric  add  and  then  eliminating  the  sodium  chloride  and  excess  of  hydrochloric 
acid  with  water  in  a  dialyser. 

Ethereal  solutions  of  the  alkali  and  alkali  earth  metals  are  variously  coloured  (blue, 
violet,  green,  &c.)  according  to  the  size  of  the  particles. 

The  theoretical  and  practical  applications  which  have  arisen  from  the  study  of  colloidal 
solutions  arc  much  more  numerous  and  important  than  might  appear. 

The  far-famed  production  of  ruby  glass  is  a  phenomenon  of  this  kind.  If  to  a  gla^s 
paste  which  is  not  very  hot,  but  which  is  molten  or  half  molten,  and  which  may  be  considered 
as  a  solvent  with  almost  infinite  viscosity,  a  gold  salt  (chloride)  is  added,  it  is  decomposed, 
and  very  fine  (amicroscopic)  particles  of  gold  remain  in  the  glass.     If  this  is  cooled  rapidly 

■  The  cMoin  in  milk  is  present  as  an  Irrcvereible  hydrosol,  and  its  coagulation  by  means  of  an  acid  or  of  hoat 
may  b«  altered  or  avoided,  and  It  may  be  produced  In  more  or  less  fine  and  subdividetl  floclcs.  by  the  presence  of 
reversible  or  protective  colloids,  such  as  gelatine,  gum,  albumen,  Ac.  In  cow's  milk  the  ratio  of  the  Irreversible 
eaMein  to  the  reversible  albumen  is  as  302 :  0-53.  The  larger  quantity  of  reversible  albumen  in  human  milk 
(0-75: 1*00)  rendera  ita  coagulation  eight  times  more  difficult  than  that  of  cow's  milk,  and  the  flnor  coagulum 
which  is  obtained  explains  its  greater  digestibility  and  assimilation  in  the  st^^mach  of  a  child,  and  also  explains 
why  cow's  milk  cannot  be  substituted  for  human  milk  with  impunity  for  the  artificial  feeding  of  infants  without 
suitable  treatment  of  the  former. 

Zsigmondy  has  called  the  number  of  milligrammes  of  a  protective  colloid  which  are  necessary  to  prevent  or 
hinder  the  precipitation  of  10  c.c.  of  the  red  gold  hydrosol  by  the  addition  of  1  c.c.  of  a  10  per  cent,  solution  of 
MMlliim  chloride,  the  gold  numbtr^ 
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a  transparent,  colonrless  glass  is  obtained.  If  the  glass  is  now  heated  to  a  given  temperature 
in  suc)i  a  manner  that  it  becomes  more  fluid,  then  these  gold  particles,  having  less  friction 
to  overcome,  are  enabled  to  move  and  to  reimite  to  larger  particles,  thus  impeu*ting  to 
the  glass  a  whole  series  of  successive  colorations  from  violet,  through  purple  to  ruby, 
red,  pink,  &c.,  and  this  has  been  used  in  practice  to  obtain  the  various  coloured  glasses, 
even  with  as  little  as  0*05  per  cent,  of  gold. 

If  the  glass  paste  is  heated  to  even  higher  temperatures,  through  a  mistake  of  the 
operator  in  not  hitting  the  exact  point,  then  the  particles  unite  to  form  larger  and  easily 
visible  aggregates  which  give  to  the  glass  the  true  reflex  o'f  metallic  gold.  In  the  case  of 
glasses  rendered  milky  by  calcium  fluoride  and  of  enamels  coloured  by  means  of  metals, 
similar  phenomena  occur. 

The  ripening  of  the  silver  bromide-gelatine  plate  in  photography  is  also  due  to  a  slow 
regrouping  of  the  particles  of  bromide  which  is  indispensable  in  order  to  obtain  the  maximum 
sensitiveness  to  light.  In  ceramics  the  ripening  of  the  paste  of  kaolin  or  clay,  which  renders 
it  more  plastic  and  sometimes  takes  three  months,  is  due  to  the  action  of  alkcdine  hydroxyl 
ions  which  peptonise  the  small  quantity  of  colloidal  organic  substances  derived  from  the 
raw  materials  and  from  the  water  with  which  the  paste  is  prepared. 

In  connection  with  the  important  question  of  the  purification  of  efiluent  waters,  it  is 
known  to-day  that  these  generally  contain  extremely  fine  suspensions  of  electro-negative 
character  and  are  therefore  easily  precipitated  by  the  addition  of  polyvalent  cations, 
for  example,  of  ferric  salts.  (In  certain  towns  this  system  has  been  applied,  see 
Water.) 

The  action  of  bacteria  in  the  biological  process  of  sewage  purification  {see  this)  appears 
to  be  partially  due  to  the  formation  of  colloids  of  opposite  electric  charge  to  that  of  the 
organic  suspensions  in  the  water,  so  that  they  are  reciprocally  precipitated. 

In  the  formation  of  metallic  filaments  for  the  manufacture  of  incandescent  electric 

lamps  it  has  been  found  that  tungsten,  for  example,  which  melts  at  2800°,  is  insufficiently 

*  ductile  to  render  it  possible  to  prepare  sufficiently  fine  and  regular  filaments.     By  employing, 

on  the  contrary,  tungsten  separated  from  a  colloidal  solution  regular  filaments  of  a  diameter 

of  0*03  mm.  are  easily  obtained. 

The  setting  and  hardening  of  cement  is  to-day  explained  by  the  formation  of  gelatinised 
silica  and  alumina  which  surround  the  crystals  of  calcium  hydroxide  and  alttminate,  thus 
forming  a  compact  mass  which  protects  these  from  the  action  of  water  and  of  ordinary 
reagents. 

In  agricultural  soil  many  phenomena  of  colloidal  character  also  occur. 

Many  phenomena  connected  with  the  tanning  of  hides,  the  dyeing  of  textile  fibres,  &c., 
also  belong  to  the  class  of  colloidal  activities.  The  life  of  vegetables  and  animals  is 
also  largely  based  on  reactions  between  colloids  and  crystalloids  in  the  cell.  Amongst 
catalytic  actions  of  colloids,  we  may  mention  that  of  a  colloidal  solution  of  platinum 
which  causes  the  combination  of  H  and  O,  even  in  the  cold.  The  catalases  of  the  blood, 
which  are  colloidal  enzymes,  cause  the  passage  of  the  oxygen  from  the  oxyhemoglobin 
into  the  tissues,  where  it  causes  the  decomposition  of  hydrogen  peroxide  liberating  oxygen, 
and  by  means  of  this  latter  reaction  we  may  determine  the  richness  of  the  blood  in  catalases 
and  decide  if  the  organism  is  in  a  normal  condition  or  not.  The  same  fermentation  effects 
(catalysis)  have  been  obtained  by  Bredig  with  colloidal  solutions  of  platinum,  to  such  a 
degree  that  he  called  colloidal  metallic  solutions  inorganic  ferments,  and  they  produce 
numerous  and  important  catalytic  phenomena.  He  also  found  that  the  same  substances 
which  have  a  poisonous  action  on  the  animal  organism,  such  as  hydrocyanic  acid,  hydrogen 
sulphide,  corrosive  sublimate,  arsenic,  &c.,  also  behave  as  poisons  on  colloidal  solutions, 
completely  paralysing  their  action. 

MATTER   IN  THE  SOLID   STATE 

It  is  supposed  that  the  molecules  of  solids  are  placed  very  closely  to  one 
another  compared  with  those  of  liquids,  and  that  their  distance  and  relative 
position  always  remain  the  same  without  any  movement  of  the  one  over  the 
other,  though  they  perhaps  remain  endowed  with  oscillatory  movement. 
The  sum  total  of  the  kinetic  energy  of  these  molecular  movements  is  less 
than  that  in  the  same  substances  in  the  liquid  state  ;   therefore  on  lowering 
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the  temperature  of  liquids,  and  so  abstracting  energy,  they  have  a  tendency 
to  solidify. 

Simple  or  compound  solid  substances  are  often  characterised  when  pure 
by  their  melting-point,  which  is  determined  in  various  Wc'vys  which  are  described 
in  treatises  on  practical  physics,  and  will  be  explained  in  the  second  volume 
for  organic  substances. 

SPECIFIC   GRAVITY  OF  SOLIDS 

The  specific  gravity  of  solids  is  the  relation  between  the  weight  of  a  given  volume  of 
the  solid  substance  and  the  weight  of  an  equal  volume  of  water  at  4**. 

There  are  many  ways  of  determining  the  specific  gravity :  by  measuring  the  volume  of 
water  which  a  given  weight  of  a  solid  displaces  when  immersed  in  the  liquid  contained 
in  a  graduated  vessel,  or  by  determining  the  weight  of  water  or  other  liquid  of  known 
specific  gravity  which  is  displaced,  for  example,  in  a  filled  pyknometor,  by  a  given  weight 
of  the  solid  substance  under  examination.  This  method  cannot  be  used  when  the  solid 
substance  is  soluble  or  if  it  sucks  up  the  liquid  into  its  pores  when  immersed  (water,  oil, 
ftlooho],  &c.)- 

In  such  cases  so-called  volumeters  are  employed,  which  are  based  on  the  dilatation  of 
air  contained  in  a  given  volume  before  and  after  the  introduction  of  the  body  under 
examination. 

A  fourth  method  consists  in  the  immersion  of  the  solid  substance  in  any  liquid  to  which 
solnble  substances  of  greater  density  are  added  until  a  solution  is  obtained  in  which  the 
body  under  examination  just  floats.  In  order  to  then  know  the  specific  gravity  of  the  solid 
Bubfitance,  all  that  is  necessary  is  to  determine  that  of  the  solution  (see  p.  72),  which  will 
be  indentical  with  the  former.  This  method  is  exact,  and  is  not  only  employed  in  labora- 
tories, but  also  commercially,  in  order  to  know,  for  example,  whether  eggs  are  fresh,  if 
potatoes  are  ripe,  and  in  order  to  know  their  exact  contents  of  starch,  &c.,  because  in  such 
cases  these  bodies  have  a  characteristic  and  sufficiently  constant  density. 


SPECIFIC  HEAT   OF   SOLID   SUBSTANCES 

In  order  to  heat  the  same  weight  of  different  substances  to  the  same 
temperature,  different  quantities  of  heat  are  required.  On  heating  1  kilo  of 
lead  and  1  kilo  of  zinc  to  150°  and  then  immersing  them  separately  in 
equal  volumes  of  water,  for  example,  one  litre,  the  water  in  which  the  zinc 
is  immersed  becomes  much  hotter.  The  physical  unit  for  heat  measurements 
is  the  calorie  {see  Thermochemistry). 

The  specific  heat  of  a  substance  is  defined  as  the  quantity  of  heat  required 
to  raise  the  temperature  of  1  kilo  of  the  substance  from  0°  to  1°.*  It  is  deter- 
mined by  means  of  very  exact  forms  of  apparatus  called  calorimeters,  in  the 
following  manner  : 

The  weighed  substance  is  heated  to  a  definite  temperature  and  allowed  to 
fall  into  the  calorimeter  {see  chapter  on  Carbon  and  Combustibles),  which 
contains  a  measured  quantity  of  water  of  which  the  initial  temperature  is 
noted.  The  water  is  stirred,  and  when  its  temperature  no  longer  rises,  the 
ise  of,  temperature  which  has  occurred  is  read  on  the  thermometer,  and  by 
len  correcting  results  for  the  constant  quantity  of  heat  absorbed  by  the 
klorimeter,  all  the  data  for  calculation  of  the  specific  heat  are  obtained. 
;  In  1818  Dulong  and  Petit  found,  by  a  long  series  of  determinations,  that 
the  specific  heat  is  smaller  the  larger  the  atomic  weight  of  elementary  sub- 
stances, and  discovered  the  following  law  which  bears  their  names :  the 
specific  heats  of  solid  elements  are  inversely  proportional  to  their  atomic  weights  ; 
that  is  to  say,  the  atoms  of  the  solid  elements  have  the  same  thermal 
capacity ;  and  thus,  on  multiplying  the  specific  heat  C  by  the  atomic  weight  A , 

See  Table  on  following  page. 
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Copper 

Silver 

Iodine 

Gold 

Bismuth 

0095 

0057 

0054 

0032 

0030 

63-6 

108 

127 

197-2 

208-5 

6-00 

615 

'     6-80 

6-31 

6-20 

we  always  obtain  a  constant  equal  for  all  the  elements.    The  following  table 
completely  explains  and  confirms  this  law  : 

Iron 
Specific  heat  (C)  =      0-114 

Atomic  weight  (A)        =    55-9 
Atomic  heat  (C  x  A)  =      6-40 

As  we  see  here,  the  specific  heat  of  elements  diminishes  as  their  atomic 
weight  increases,  and  the  product  of  the  atomic  weight  {A)  and  specific 
heat  (O)  is  almost  constant.  This  constant,  which  is  called  the  (Uomic  heat, 
has  been  found  by  means  of  many  direct  determinations  to  have  a  value 
approximating  to  6*4, 

This  law  is  demonstrated  sufficiently  well  by  the  very  simple  experiment  illustrated  in 
Pig.  35.  Two  rings  of  equal  weight  of  zinc,  a,  and  of  lead,  a,  weighing,  for  example,  1  kilo, 
are  heated  to  the  same  temperature  in  an  oven  and  then  immersed  in  two  beakers  containing 
equal  quantities  of  water  ;  this  will  then  be  heated  to  different  temperatures.  This  differ- 
ence of  temperature  is  easily  made  evident  by  immersing  in  each  of  the  beakers  of  wator 
a  thermometer,  formed  of  a  test-tube  containing  a  little  coloured  liquid  at  the  bottom  into 
which  a  long  glass  tube,  secured  by  a  stopper,  dips.  The  hotter  water  causes  the  air 
contained  in  the  chamber  of  the  one  improvised  thermometer  to  expand  more  than  that 
in  the  other,  and  the  coloured  liquid  will  therefore  rise  to  a  greater  height  in  the  tube. 
In  this  case  the  thermometer,  will  naturally  give  a  larger  indication  in  the  case  of  the 
zinc,  because  the  atomic  weight  of  this  is  less,  and  the  specific  heat  is,  therefore,  greater. 
If,  on  the  other  hand,  quantities  of  zinc  and  of  lead  proportional  to  their  respective  atomic 
weights  are  taken,  the  water  in  the  two  vessels  will  be  heated  to  an  equal  extent. 

If  the  atomic  heat  is  constant  for  all  the  elements,  then  we  have  a 
new  method  for  determining  the   atomic   weights  of  the  solid  elements  by 

SPECIFIC  HBAT  OF  VARIOUS  SOLIDS  (WATER  =  1). 


Temperature 

1 
Speciflc 
heat 

Temperature 

Speciflc 

Substance 

— 

of  experi- 
ment 

from  IS^-ISS" 

Substance 

of  experi- 
ment 

heat 

Aluminium 

0-2189 

Selenium,  amorphous 

21''-57' 

01125 

Antimony 

„  0°-100« 

0  0486 

SUver      .... 

0'-100° 

00559 

Lead 

[       „  20"-100** 

00304 

i»          .... 

at  700' 

00500 

„     liquid 

at  360"* 

0-4096 

Zinc         .... 

20°-100' 

0-0931 

Calcium  . 

C-lOO' 

01804 

»t           .... 

300° 

01040 

Chromium 

0" 

0-1039 

Tin          .... 

2(r-100'' 

00551 

Iron 

100" 
23°-100° 

01121 
01162 

Various  bronxos 

— 

1  01043 
1 0-0874 

Cast  iron 

0° 

01050 

BrasA       .... 

,  00743 
[  00873 

>i       »> 

75° 

01136 

Gold 

C-lOO" 

0-0316 

White  metal     . 

00946 

Pot4issinm 

-  78  to  -f  23" 

0*1662 

Alumina,  A1,0,  . 

O'-lOO" 

0-1879 

Cobalt     . 

10^-100° 

0-1067 

Lead  oxide 

20'^0' 

00553 

»»         • 

at  800' 

01845 

Iron  oxide,  Fp,04 

24 "-100' 

0-1678 

Coal 

24°-68° 

0-2040 

Sodium  hydroxide     . 

0'*-98*' 

0-780 

Wood  charcoal 

O'^-lOO'' 

01935 

Quartz    . 

12'-100' 

0-1881 

Graphite 

10' 

01604 

Rock  Halt 

0* 

0-2146 

>f 

200' 

0-2966 

Iron  sulphide,  Fc8,  . 

0°-100' 

0-1450 

It 

977« 

0-4670 

Qyi)sum,  crystallised 

0' 

0-254 

Diamond 

10' 

01128 

Sodium  sulpliate 

17"-98'» 

0-2312 

tt 

200^ 

0-2730 

Potassium  nitrate 

14°-46' 

0-232 

1* 

]    <          985" 

0-4589 

Marble     .... 

22°-100' 

0-212 

Copper    . 

2()°-100- 

00936 

Mica        .... 

20°-l(X)' 

0-2070 

Mafcnesium 

.    '       18^-99° 

0-2460 

Ice           .... 

-  78  to  0' 

0*4627 

Nlclccl     . 

20'-10()° 

0-1084 

Mirror  glass     . 

lo^-so-" 

0-1860 

•1         •         1 

noo" 

0-1233 

Portland  crment  (clinker) . 

28°-40° 

0*186 

Platinum 

18-100^ 

00324 

»       (set) 

28°-30' 

0-271 

»f 

IW 

0-0409 

Cellulose 

— 

0-366 

Mercury 

20^-50'' 

00331 

Paraf&n  .... 

0'-20'' 

0-694 

»»                 • 

250' 

00321 

It         •         •         •         . 

52°-55" 

0-700 

Sulphur,  rhombic 

17'-45'» 

01630 

Wool,  dried 

— 

0-30S 

liquid. 

IIQ^-HT* 

0-2346 

„      +11  per  cent,  water 

— 

0-450 

Selenkim,  cryiitallised 

22'»-62* 

0-0840 
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^ply  determining  tlieir  specific  heat,  because  A  =  -^-,  and  knowing  the 

atomic  weight  of  an  element,  we  are  also  in  a  position  to  know  its  specific  heat, 

because  C  =  — j-  ■ 
A 

Rrgnauit  oonflrmed  the  law  of  Dulong  and  Petit  in  most  casca  by  a,  long  series  of  experi- 
mentBlrum  1840  to  1855.    Ucobsorvcd  that  silicon,  boron,  and  carbon  do  not  actually  follow 
this  law  and  give  very  low  atomic  heata.      This  abuorniality  could  not  be  explained  for 
some  years  and  these  elonients  were  considered  as  true  oxccptionB,  but  in  1875  H,  F.  Weber, 
of  ZQrich,  found  an  explanation  for  tluH  exceptional  behaviour.     He  found  that  tlic  spccilic 
beat  of  these  three  elements  varies  greatly  with  the  temperature  at  which  the  determinBtion 
is  earned  out  and  that  the  atomic  heat  incrcaaes  <m  elevating  the  temperature.    Thus 
whilst  at  10°  carbon  showed  a  specific  heat 
(\>Treepoiuling  to  an  atomic  heat  of   1'35, 
at  1000°  the  atomic  heat  is  5-6  and  is 
ihaa  very  near  to  the  thermal  constant, 
li'4.    The  same  fact  was  demonstrated  for 
boron  and  silicon  at  1200°. 

It  has  now  been  clearly  shown  that 
the  specific  heat  of  solid  ajid  liquid  sub' 
Etanceii  diminishes  greatly  with  diminution 
of  the  temperature  and  tends  to  a,  value 
approximating  to  zero  at  the  absolute  zero 
of  temperature. 

In  1831  Keumann  found  that 
stoichiometric  or  equimolecular 
'luantities  of  compounds  which 
have  analogous  chemical  composi- 
(ioii  have  equal  thermal  capacities 
(molecuJar  heats],  thus,  for  example, 
the  metallic  perchloratea  CIO^Me 
and  the  permanganates  MnO,Me, 
the  metallic  nitrates  NO^Me,  and 
the    metaphosphateii     PO^Me,    &c., 

where  Me  indicates  the  atom  of   a  Fiq.35. 

metal. 

Joule  in  1844  and  Woestyn  in  1848  showed  that  tlie  thermal  capacity  of 
chemical  compounds  (molecular  heat)  is  equal  to  the  sum  of  the  thermal 
capacities  of  their  components  (or  atomic  heats),  and  this  was  confirmed  by 
Kegnault  and  Kopp.    This  law  obviously  mcludes  that  of  Neumann. 

Thus  the  molecular  heat  {0  x  M)  of  a  compound  is  equal  to  the  calorific 
constant  multiplied  by  the  number  of  atoms  which  the  compound  contains  : 
C  X  M  =  6'4  X  N,  where  N  is  the  number  of  atoms  and  M  the  molecular 
"eight.  This  is  fully  coufimied  by  experience,  as  is  seen  in  the  follo«ing 
examples  ; 

I.  K [leci fie  heat  uf  Pbl^    =  0-0427  ;  molecular  weight  (J/)  =  450-4  jnunibcr  of  atoms  =  3 
l>ad  lodldu 
11.        „         „  PbBr.  =  00533  ;         „  „  „     =  305-0 ;       „  „         -  3 

Jead  bromtila 

IIL       „        „         Pba,  =  0  0664 :        „  „         „     =  277-1  ;       „  „        -  3 

lend  chloride 

Tile  specific  heat  being  inversely  projKirtional  to  the  molecular  weight, 
C  y.  M  =  constant  (molecular  heat). 

In  the  thiec  examples  cited  above,  wo  in  fact  find  almost  equal  molecular  heats,  namely, 
I  -  20-1  :    n  -  19-9  ;   III  =  18'4. 

Knowing  the  molecular  constant  or  molecular  heat,  we  may  deduce  the  atomic  heat 
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by  dividing  it  by  the  number  of  atoms,  and  in  our  case,  by  dividing  by  3,  we  obtain, 
I  =  6-70  ;  II  =  6-67  ;  III  —  6*1 3.  But  we  may  also  calculate  the  atomic  heats  of  these 
elements  indirectly  without  direct  experimental  determination  by  using  the  molecular 
heats  and  the  known  atomic  heats  of  one  of  these  elements. 

Thus,  if  from  these  molecular  heats  we  substract  the  atomic  heat  of  lead  which  is  known 
to  be  6*5,  there  remains  in  the  case  of  1, 13*6  ;  11, 13-40  ;  III,  11-90,  which  are  the  atomic 
heats  of  two  atoms  of  I,  Br,  and  CI. 

On  now  dividing  these  by  2,  we  obtain,  1  =  6-81 ;  II  =  6-7  Br  ;  ni  «  6-95  CI. 

From  direct  control  determinations,  the  values  iodine  =  6-86  and  bromine  =  6-74  are 
obtained  ;  these  values  are  in  sufficiently  close  accordance  with  those  indirectly  deduced 
from  the  molecular,  heats. 

In  1864  Kopp  found  that  the  atomic  heat  of  the  free  elements  is  not  always 
equal  to  that  of  the  same  element  contained  in  various  chemical  compounds. 
Thus,  in  the  solid  compounds  the  atomic  heat  of  carbon  is  always  about  1*8, 
that  of  hydrogen  2*3,  that  of  boron  2*7,  of  berillion  3*7,  of  silicon  3*8,  of 
oxygen  4,  of  sulphur  5*4,  phosphorus  5*4,  &c.  Taking  these  values  into 
account,  we  can  equally  well  determine  the  atomic  weights  of  the  elements 
if  we  know  the  specific  heat  of  a  chemical  combination. 

A  practical  example  will  suffice  to  illustrate  the  method  of  determining  the  atomic 

weight  of  an  element,  for  example,  of  calcium,  by  the  method  of  specific  heats.     Analysis 

shows  that  1  kilo  of  calcium  carbonate,  which  has  a  thermal  capacity  of  0-202,  is  composed 

of  0-400  kilo  of  calcium  +  0-120  kilo  of  carbon  +  0-480  kilo  of  oxygen.     The  atomic  heat 

of  carbon  in  combination  is  1-8,  and  dividing  this  value  by  the  atomic  weight  we  obtain 

1-8 
as  the  specific  heat  of  carbon  t^  -=  0-15,  and  therefore  the  thermal  capacity  of  0-120  kilo 

of  carbon  will  be  0*120  x  0-16  =  0-018.     For  oxygen,  with  an  atomic  heat  of  4  and  an 

atomic  weight  of  16,  we  arrive  at  the  specific  heat   —  =  0-25,  and  the  thermal  capacity 

of  0-480  kilo  of  oxygen  ^ill  be  0-480  x  0-25  =  0-120,  and  now  deducting  the  thermal 

capacities  of  carbon  and  of  oxygen  (0-018  +  0-120  »=  0-138)  from  the  thermal  capacity 

of  1  kilo  of  calciiuu  carbonate  =  0-203,  we  have  the   thermal  capacity  of  0-400   kilo 

of  calcium  =  0-203  —  0-138  =  0-065,  and  thus   the  specific  heat  of  calcium    will   be 

0*065 

frr^  -*  0-162.     Having  thus  indirectly  found  the  specific  heat  of  calcium  in  combination, 

and  knowing  that  calcium  being  a  metal  will  certainly  have  a  normal  atomic  heat  of 

about  6*4,  we  may  deduce  the  atomic  weight  of  calcium  by  dividing  the  atomic  heat  by 

6-4 
the  specific  heat,  that  is,  rrr^"=  40. 

By  the  analysis  of  many  calcium  compounds,  its  equivalent  has  always  been  found  to 
be  20-05,  and  since  we  know  that  the  atomic  weights  are  equals  or  multiples  of  the 
equivalents,  therefore  the  atomic  weight  of  calcium  will  be  40,  that  is,  double  the  equivalent. 

The  method  of  determination  of  atomic  weights  by  melius  of  specific 
heats  is  now  very  little  used,  because  there  are  so  many  other  methods  which 
are  more  exact  and  convenient,  but  this  method  may  always  be  employed 
as  a  check  and  also  for  substances  which  cannot-  be  evaporated  or  dissolved. 
The  law  of  Dulong  and  Petit  is  fairly  exact  for  atoms  which  have  an  atomic 
weight  greater  than  35. 


MATTER    IN  THE  CRYSTALLINE  STATE  ^ 

ISOMORPHISM.  Before  1800  the  law  of  Hauy  was  generally  beheved,  which  said 
that  a  given  substance  corresponded  to  a  given  crystalline  form,  and  that  different  sub- 
stances had  different  crystalline  forms,  but  in  1798  Klaproth  showed  that  anagonite,  which 

*  Nicola  Steno  in  1669  was  tin-,  first  to  note  the  n-gularity  jind  constancy  of  the  angles  between  the  facets  of  a 
crystal,  and  was  followed  lat«r  by  lioiii^  de  I'lslo  in  1783,  who  wa»  tbe  first  to  adopt  exact  InAtrumentfi  for  meaauring 
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is  rhombic,  and  calcite,  which  is  hexagonal,  have  different  crystalline  forms,  although  they 
have  the  same  chemical  composition,  GaOOs*  Hauy  endeavoured  to  explain  this  fact 
by  aUributing  it  to  impurities  in  these  substances,  but  in  1807,  Th^nard  and  Biot  showed 
that  there  is  absolutely  no  chemical  difference  between  arragonite  and  calcite  (calc-spar). 
Numerous  substances  of  different  chemical  composition  and  the  same  crystalline  form  were 
found  later,  and  in  1815  Fuchs  advanced  the  idea  that  in  the  same  crystalline  form  certain 
elements  can  be  replaced  by  others.  It  was  only  through  the  work  of  Mitscherlich 
(182(^-1823)  that  light  was  thrown  on  this  question,  and  his  numerous  and  exact  experi- 
ments showed  with  certainty  that  compounds  of  analogous  chemical  composition  have  the 
same  crystalline  form,  that  is  to  eay,  are  iaomorphous.  But  a  given  chemical  substance 
may  also  crystallise  in  more  than  one  system  (according  to  the  conditions  of  temperature, 
oonoentration,  &c.),  and  such  substances  are  spoken  of  as  polymorphoua — thus  calcium 
carbonate  is  dimorphoua. 

Through  the  phenomenon  of  isomorphism  the  possibility  thus  arises  of  controlling 
the  molecular  weight  or  chemical  formula  of  a  given  compound  when  the  formula  of  an 
isomorphous  compound  is  known.  Generally  speaking,  isomorphous  compounds  contain 
the  same  number  of  atoms  or  groups  of  atoms  which  are  equivalent  to  these. 

By  means  of  the  conception  of  isomorphism,  we  may  consider  as 'the  atomic  weight  of 
an  element  that  quantity  which  is  equivalent  to-  or  may  substitute  the  atom  of  another 
element  in  their  respective  isomorphous  compounds.  In  the  case  of  calcium,  for  instance, 
which  does  not  yield  volatile  products,  we  may  deduce  its  atomic  weight  by  means  of  the 
isomorphism  of  many  of  its  compo\mds  with  analogous  compounds  of  magnesium,  and 
those  atomic  weights  of  calcium,  barium,  and  strontium  have  been  accepted  which  express 
the  quantities  of  these  metals  which  are  able  to  replace  24-4  parts  of  magnesium,  that  is, 
an  atom  of  magnesium,  Mg. 

Isomorphous  substances  may  be  superposed  in  layers  in  the  formation  of  a  single 
indiyidual  crystal,  and  thus,  if  a  white  octahedral  crystal  of  potash  alum  is  placed  in  a 
solution  of  chrome  alum  with  suitable  precautions  of  temperature,  concentration,  &c., 
it  continues  to  enlarge  homogeneously,  and  we  thus  obtain  a  new,  coloured,  reddish  layer 
formed  by  the  enlargement  of  the  same  octahedron.  Wo  may  invert  the  operation,  super- 
poang  the  white  layer  of  potash  alum  and  may  so  superpose  other  strata  of  various  other 
isomorphous  alums. 

We  here  give  the  formula  of  a  series  of  isomorphous  alums  which  have  the  same 
cr^talline  form : 

Potaq^ium  aluminium  sulphate    =»  A1K(S04)2  +  12  HgO 
Sodium  „  „  -  AlNa(S04)a  +  12  H,0 

Ammonium       ,;  ,,  -  A1(NH4KS04),  +  12  H^O 

Potassium  ferric  sulphate  =  FeK(S04)  +  12  HjO 

Potassixmi  manganese  sulphate    =  MnK(S04)2  +  12  H^O 
Potassium  chromium  sulphate     =  CrK(S04)2  +  12  HjO 

By  analysing  these  alums  we  may  deduce  the  atomic  weight  of  the  element  which 
replaces  another  element  in  an  alum  by  relying  on  the  analogy  of  the  formulae  of  the 
various  alums. 

It  is  not  very  easy  to  decide  by  their  external  appearance  whether  two 
substances  or  two  crystals  are  isomorphous.  A  safer  opinion  may  be  arrived 
at  by  mixing  the  two  substances  together  and  then  crystallising  them.  We 
^ould  then  be  able  to  separate  so-called  mixed  crystals,  that  is,  crystals  of 
a  definite  shape,  but  which  combine  the  two  substances  simultaneously 
in  varied  proportions,  the  particles  of  which  are  not  separable  by  any 
mechanical  means  and  are  not  individually  perceptible,  even  whea  finely 
crushed.     Also   on   melting   solid   isomorphous   substances    together    mixed 

ftoglo.  Hany,  from  1781  to  1801,  studied  the  relationa  between  the  angles  of  a  crystal  and  those  of  the  faces  with 
regard  to  its  axes,  and  he  established  the  law  that  each  substance  has  a  definite  crystalliuo  form  and  tliat 
substances  of  different  composition  have  different  crystalline  forms. 

The  path  of  modem  crystallography  was  first  pointed  out  by  Weiss  in  1800,  who  established  latioual  concep- 

tioia  regarding  the  axes  and  referred  the  various  crystalline  forms  to  these.   Various  mathumaticiaus,  and  more 

espeeiaDy  F.  Keiuuann,  perfected  and  developed  these  conceptions,  and  arrived  at  six  fundamental  crystalline 

tyetems  to  which  all  the  innumerable  crystalline  forms  which  are  Icnown  to-day  are  referred,  and  these  studies 

compose  the  acience  of  eryatallogmphy  (ms  suooeeding  Note). 
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crystals  separate.  Van't  Hofi  called  the  substances  of  which  these  mixed 
crystals  are  composed  aolid  solutions,  on  account  of  the  analogy  which  exist  s 
between  them  and  ordinary  liquid  solutions,  although  the  cryoscopic  laws 
cannot  be  applied  to  them  because  the  pure  solvent  does  not  separate  as  ice, 
as  is  the  case  in  ordinary  dilute  solutions. 

Potassium  perchlorate,  tlie  formula  of  which  is  well  known  to  be  KCIO4,  is  isomorphous 
with  potassium  permanganate,  and  if  we  wish  to  determine  the  atomic  weight  of  manganet^e 
we  commence  by  determining  the  equivalent  of  manganese  in  various  substances.  This 
is  foimd  to  be  55  ;  and  in  all  analyses  potassiiun  permanganate  is  found  to  contain  39  parts 
of  potassium  (one  atom)  corresponding  to  64  parts  of  oxygen  (four  atoms).  Knowing  that 
it  is  isomorphous  with  potassium  chlorate,  the  formula  of  the  permanganate  must  be 
KMn04,  that  is,  the  equivalent  55  corresponds  to  a  single  atom  of  manganese,  and  thus 
the  atomic  weight  of  the  latter  will  be  55,  and  not  a  multiple  of  this  number. 

From  the  study  of  isomorphism,  Roscoe  was  enabled  to  find  the  atomic  weight 
of  vanadium  ;  and  it  was  possible  to  deduce  with  certainty  the  formula  FcjOj  for  iron 
oxide  on  account  of  its  analogy  with  chromium  oxide,  which  certainly  has  the  formula 
CraOj, 

There  are  certain  substances  which  have  perfectly  analogous  cheniica 
composition,  but  which  do  not  crystallise  in  the  same  system  when  they  are 
pure.      Thus,  for  example,  magnesium  sulphate  when  pure  always  crystallises 
in  rhombic  prisms    of   MgSO^.THgO,    whilst   pure   ferrous   sulphate   always 
crystallises  in  monoclinic  prisms,  FeSO^ .  THgO. 

These  substances,  however,  when  mixed  in  solution  have  the  property 
of  forming  mixed  crystals  containing  the  two  substances.  If  magnesium 
sulphate  preponderates  in  the  solution  these  are  exclusively  rhombic  prisms, 
but  when  the  ferrous  sulphate  predominates,  the  crystals  are  exclusively 
monoclinic  prisms.  This  important  phenomenon  is  called  Isodimorphisni, 
and  such  substances  are  called  Isodimorphous. 

Isodimorphism  has  to-day  lost  its  former  importance  for  the  determination  of  atomic 
and  molecular  weights,  because  other  much  more  convenient,  exact,  and  certain 
methods  have  been  discovered  The  isodimorphism  of  certain  compounds  has  even  led 
previous  workers  astray.  Thus  calcium  carbonate,  CaCOg,  which,  as  we  have  seen,  is 
dimorphous,  presents  the  same  crystalline  form  when  in  the  state  of  calcite  as  sodium 
nitrate,  NaNOg,  and  when  present  as  arragonite  has  the  same  form  as  potassium  nitrate, 
KNO3. 

LIQUID  CRYSTALS.  At  first  sight  the  existence  of  liquid  crystals 
may  seem  strange  if  we  refer  the  expression  to  the  common  definition  of 
crystals  and  of  liquids.  But  if  we  consider  crystals  from  a  more  general  and 
rigorous  point  of  view  we  may  easily  understand  how  there  may  even  be  liquid 
crystals. 

In  1888  Reinitzer  observed  that  certain  pure  and  unaltered  substances 
melt  forming  a  turbid  liquid,  and  at  a  higher  temperature,  which  is  weU 
defined,  they  again  become  clear.  On  recooling  these  liquids,  the  first  turbid 
liquid  is  reproduced  and  is  then  followed  by  solidification.  Gattermaiin 
observed  the  same  behaviour  in  certain  substances,  for  example,  para- 
azoxyanisol,  which  melts  at  116°  giving  a  yellowish  turbid  liquid  which 
immediately  becomes  clear  at  a  temperature  of  ISS^'^.  O.  Lehmann,  and 
R.  Schenck  somewhat  later,  found  that  these  turbid  liquids  light  up  the 
dark  field  which  is  obtained  between  crossed  Nichol  prisms,  precisely  in  the 
same  way  as  crystals,  a  property  not  shared  by  true  homogeneous  liquids. 

Tamman,  and  to  a  certain  extent  Nernst,  pointed  out  that  this  apparently 
strange  phenomenon  could  be  explained  by  the  theory  of  emulsions  or  of 
partial  polymerisation,  or  even  by  the  fonnation  of  isomers  of  the  substance 
observed.     Weimarn  in»  1909  stated  that  under  the  ultramicroscope  these  special 
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liquids  showed  the  presence  of  small  crystals  which  were  already  formed. 
In  any  case  this  matter  has  not  yet  been  definitely  cleared  up,  and  it  may  be 
considered  stUl  premature  to  suggest  that  the  origin  of  life  was  initially  due 
to  the  formation  of  liquid  crystals  !  ^ 

EQUILIBRIUM  OF  HETEROGENEOUS   SYSTEMS 

AND  THE  PHASE   RULE 

The  phade  rule  was  deduced  and  developed  by  the  American,  Willard 
Gibbs  (1878-1889-1904),  from  thermodynamical  considerations,  and  it  explains 
the  state  of  equilibrium  in  many  physical  and  chemical  phenomena  very 
well.  It  was  then  generalised  in  its  application  by  Ostwald.  It  may  be 
considered,  thanks  to  the  work  of  Roozeboom,  van't  Hoff,  and  Bancroft, 
as  one  of  those  modem  laws  which  have  contributed  most  to  co-ordinate 
and  explain  very  many  chemical  and  physical  phenomena  which  may  be 
observed  in  nature. 

Those  components  of  a  physical  system  which  can  be  mechanically 
separated  from  oile  another  are  called  phases  of  that  system.  In  homo- 
geneous systems  we  have  only  one  phase,  in  heterogeneous  systems  there 
are  two  or  more  phases.  The  phase  of  a  substance,  then,  is  any  physical  state, 
so  long  as  it  is  homogeneous  and  well  defined,  in  which  that  substance  is 
present.  We  know  that  the  condition  of  a  gas  is  determined  by  three  variable 
magnitudes,  temperature,  pressure,  and  volume.  For  a  given  weight  of 
gas  we  can  always  give  two  of  these  variables  any  value  whatever,  and  the 
value  of  the  third  variable  is  known  without  further  determination  and  is 
dependent  on  that  of  the  two  given  values. 

When  for  a  given  weight  of  a  gas  we  fix  any  values  whatever  for  the 
temperature  and  pressure,  we  then  know,  or  are  able  to  calculate  by  the 
general  gas  formula,  fv  =  RT,  the  volume  which  corresponds  to  these  values 
of  the  two  variables,  which  is  well  defined.  In  the  same  way,  if  the  values 
for  the  temperature  and  the  volume  are  determined,  we  may  calculate  the 
value  of  the  pressure  &c. 

The  density  of  gases  diminishes  as  the  temperature  is  increased,  and  as 

'  Ifc  hu  often  been  affirmed  that  the  charaoterlstlo  properties  of  the  cryBtalline  state  of  a  substanoe  are  aniso-  Ctdfi^ 
tropy  and  perfect  homogeneity  at  all  points  In  the  mass.  Substanoes  are  oaUed  anisotropio  which  do  not  possess 
tbTsame  vectorial  properties  in  every  dirootion.  Thua,  the  double  refraction  of  orystallino  aubitances  is  duo  to 
\<rtorialIy  diaoontinuoas  properties.  Amorphous  substances  have  veotoriaUy  continuous  properties  and  they 
v«  not  doubly  refractive.  Crystalline  matter,  in  distinction  to  amorphous  matter,  has  generally  regular  planes 
o'cI«svage,  vhich  are  those  which  also  establish  the  Qonstanoy  between  the  angles  of  crystalline  faces  when  the 
nons  u  limited  by  faces  and  assumes  regular  geometrical  forma. 

H  cannot  be  denied,  howevor,  that  sometimes  even  amorphous  substant  sS  are  anisotropic,  that  is,  doubly 
refractive ;  for  example,  a  shoat  of  gelatine,  a  starch  granule,  a  plsoe  of  tempered  or  compressed  glass,  animal  hide, 
^c.,  although  as  a  whole  they  are  isotropic  and  may  be  coosldared  as  consisting  of  smaU  anisotropio  particles 
l^oly.  Thus  a  piece  of  tempered  glass  which  is  not  homogeneous  may  always  be  imagined  to  consist  of  small 
Isolated  partioles  in  which  it  is  no  longer  possible  to  distinguish  two  points  arranged  differently  in  respect  to  the 
optical  eUlpsold ;  however.  In  this  ease  we  must  admit  that  the  more  intimate  arrangements  of  the  particles  of 
tlNM  labitanoea  may  be  a  network  snob  as  is  present  In  orystalline  substances.  In  amorphous  substances,  how- 
'^er,  the  phenomena  of  cleavage  planes  meeting  one  another  at  definite  angles  do  not  exLit. 

CrysUlline  masses  have  also  vectorially  continuous  properties.  Thus,  they  have,  for  example,  optical  properties 
for  which  the  mass  of  the  substance  is  isotropic,  but  similar  optical  properties  are  common  to  many  amorphous 
^bstanoGs. 

Lehmann  first  discovwed  plastic  or  flowing  crystals,  which  have  all  the  properties  of  vectorial  discontinuity 
&od  of  homogeneity  in.  the  same  way  as  ordinary  crystals.  He  then  discovered  the  so-called  liquid  crj'stals, 
vhich  have  no  vectorially  discontinuous  properties  and  do  not  present  the  same  homogeneity  in  their  vectorial 
properties,  although  they  are  anisotropio ;  and  perhaps  liquid  crystals  should  more  precisely  be  called 
^wntnpie  liquids  or  drops  which  are  able  transitorily  to  assume  certain  geometrical  forms  by  means  of  the 
coiface  tension  (homeotropy).  They  are  able  to  split  and  to  grow  like  crystals,  and  sometimes  their  segmentation 
and  budding  is  somewhat  similar  to  that  of  living  cells  of  microscopic  plants  and  bacteria.  For  this  reason  they 
have  been  rashly  denominated  living  crystals,  and  the  as  yet  unjustified  attempt  has  been  made  to  attribute 
to  liquid  crystate  the  first  origins  of  life. 

The  study  of  liquid  crystals  can  be  very  well  made  with  silver  iodide,  ammonium  oloato,  othyl-para-rzoxy- 
^iioic  ester,  and  para-azoxycinnamic  ester. 

Anisotropic  dropi*  or  liquid  crystals  can  be  wea  observed  in  the  case  of  para-asoxyphenetol  and  ethyl-para- 
axoxycinnamle  ester  and  in  monobromonaphtbalene. 

I  8 
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the  pressure  is  diminished.      These  two  variables  are  called  /r«e  variables 
or  degrees  of  freedom. 

In  a  gas  system  with  a  single  phase,  we  have  always  two  degrees  of  freedom, 
that  is,  the  system  is  divariarU, 

If  we  now  consider  water  in  a  closed  evacuated  vessel,  we  have  this  sub- 
stance in  two  different  forms,  namely,  liquid  water  and  water  vapour,  which 
is  present  above  the  liquid  at  a  definite  pressure  and  temperature.  In  this 
system  the  vapour  and  the  liquid  water  are  called  two  phases  of  the  system. 
We  may,  however,  imagine  a  coexistent  third  phase,  ice,  which  may  be 
formed  by  cooling  the  preceding  system.  The  componerU  of  this  system 
is  always  the  same,  namely,  water  in  its  various  states  of  aggregation.  If  to 
the  above-mentioned  vessel  we  add  an  excess  of  salt  in  such  quantity  that  a 
part  of  it  remains  undissolved  in  the  water  as  a  solid  on  the  bottom,  we  then 
have  a  system  with  two  components,  salt  and  water,  and  with  three  phases, 
namely,  undissolved  salt  (solid  phase),  aqueous  solution  of  salt  (liquid  phase), 
and  water  vapour  (gaseous  phase).  If  to  this  system  an  excess  of  another 
salt  is  then  added,  for  example,  sodium  sulphate,  in  such  quantity  that  a 
portion  of  this  also  remains  undissolved,  we  will  have  a  system  containing 
three  components,  sodium  chloride,  sodium  sulphate,  and  water;  and  four 
mechanically  separable  phases,  namely,  two  solid  phases  (solid  sodium  chloride 
and  soUd  sodium  sulphate),  one  Uquid  phase  (an  aqueous  solution  of  sodium 
chloride  and  sodium  sulphate),  and  a  gaseous  phase  formed  by  the  water 
vapour. 

We  now  see  that  in  any  heterogeneous  system  in  equilibrium,  whatever 
may  be  the  number  of  the  components  of  the  soUd  and  liquid  phases  of  the 
system,  there  is  always  only  one  gaseous  phase.  Furthermore,  the  equili- 
brium between  two  or  more  phases  is  independent  of  the  quantities  of  the 
individual  phases  which  are  present.  In  fact,  the  quantity  of  salt  dissolved 
in  a  saturated  solution  (Uquid  phase)  is  independent  of  the  quantity  of  un- 
dissolved salt  (solid  phase).  In  a  system  of  more  than  one  phase,  when 
equiUbrium  is  estabhshed,  it  exists  both  between  two  phases  which  lie  side 
by  side  and  between  those  which  are  separated,  so  that  one  can  alwaj^s 
eliminate  any  one  phase  without  the  others  ceasing  to  be  in  equiUbrium, 
A  system  which  contains  no  gaseous  phase,  so  that  a  Uquid  and  a  soUd  phase 
remain,  is  caUed  a  condensed  system  and  the  equiUbrium  of  the  whole  is 
then  independent  of  the  pressure,  because  this  has  a  minimal  influence  on 
the  volume  of  solids  and  liquids. 

The  conditions  of  existence  of  a  system,  namely,  the  temperature,  pressure, 
and  concentration  of  the  phases,  are  caUed  the  variables  of  the  system.  It 
is  found,  practically  and  theoretically,  that  the  greater  the  number  of  phases 
resulting  from  a  definite  number  of  substances,  the  less  necessary  is  it  to 
know  the  variables  in  order  to  define  the  condition  of  a  system. 

In  the  case  of  a  system  containing  a  single  component  and  three  simul- 
taneous phases,  as  in  the  case  of  water,  noted  above,  with  the  thre«  phases, 
solid  (ice),  liquid  (water),  and  gas  (water  vapour),  we  know  already  that  such 
a  system  can  only  exist  at  one  definite  temperature  and  at  a  definite  pressure, 
namely,  that  temperature  at  which  ice  and  liquid  water  have  the  same  vapiour 
tension.  We  actuaUy  know  that  this  temperature  is  0'0075°  and  that  the 
vapour  tension  is  4*57  mm.  of  mercury,  and  that  then  we  possess  sufficient 
data  to  also  calculate  the  concentration  of  the  phases,  that  is,  the  other 
variable. 

In  any  system  with  a  single  component,  for  instance,  water,  or  in  general 
with  n  components,  we  thvs  have  complete  equilibrium  when  n  +  2  p/iases 
are  present  (that  is,  three  phases  if  there  is  only  one  component).  We  have 
also  seen  that  in  this  case  aU  the  variables  remain  fixed  a  priori,  that   is 
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there  are  no  free  variables  to  which  we  may  give  arbitrary  values,  but  the 
equilibrium  is  complete  and  determined.  If  in  this  system  we  have  only 
two  phases,  that  is,  n  +  1,  there  will  be  incomplete  but  determined  equiUbrium, 
because  we  have  one  free  variable  to  which  we  may  give  any  value  at  pleasure, 
but  having  given  it  this  value,  the  value  of  the  other  variables  will  be  con- 
sequently fixed  and  the  state  of  the  system  will  still  remain  sufficiently  defined. 
For  water  (n  =  1)  a  system  with  n  +  I  phases,  that  is,  two  phases,  can  exist 
with  liquid  water  and  water  vapour,  or  water  and  ice,  or  even  ice  and  vapour, 
but  in  any  such  case  we  have  a  single  free  variable,  and  this  being  given  the 
other  two  are  fixed  in  consequence.  It  is  sufficient,  in  fact,  to  fix  the  value 
of  any  single  variable,  for  instance,  the  temperature,  because  we  can  then 
deduce  the  other  two,  and  all  the  conditions  of  equilibrium  are  thus  deter- 
mined. In  the  case  of  water  and  water  vapour,  for  example,  if  we  know 
the  temperature  <,  we  can  find  the  pressure  of  equilibrium  p,  by  means  of 
a  table  of  vapour  tensions,  and  knowing  t  and  p,  we  may  easily  find  the  con- 
centration of  the  gaseous  phase,  that  is,  the  number  of  c.c.  occupied  by  1  mol. 
of  water  vapour,  from  suitable  tables.  If,  on  the  other  hand,  we  only  know 
the  concentration  C  of  the  gaseous  phase,  we  can  deduce  p  and  t  from  the 
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known     equation    (p.    63)    C7  =  —  =  -^.    With  all  these  data  we  can  then 

always  determine  the  concentration  of  the  liquid  phase  if  we  are  deaUng 
with  a  substance  the  properties  of  which  are  well  known.  If,  however,  the 
temperature  or  the  pressure  in  one  of  these  systems  in  equilibrium  is  altered, 
equilibrium  ceases,  and  one  of  the  phases  must  disappear.  In  the  case  of  liquid 
water  and  its  vapour,  on  increasing  the  pressure  or  diminishing  the  tempera- 
ture, the  gaseous  phase  disappears,  because  the  water  vapour  condenses.  If 
the  temperature  is  increased  or  the  pressure  diminished,  the  equilibrium 
is  also  disturbed,  because  the  water  vaporises  and  the  liquid  thus  disappears. 
If  the  temperature  is  lowered  down  to  0°,  or  below,  then,  on  the  other  hand, 
the  liquid  phase  is  replaced  by  the  solid  phase  (ice)  and  the  gaseous  phase 
corresponds  to  the  vapour  tension  of  ice.  This  also  will  establish  a  definite 
equilibrium,  because  at  every  temperature  it  will  have  a  definite  vapour 
tension.  In  the  case  of  the  ice  phase,  we  may  simultaneously  obtain  the 
liquid  phase  by  strongly  increasing  the  pressure,  because  the  freezing-point 
is  lowered,  and  for  any  given  pressure  we  will  have  a  definite  temperature 
at  which  ice  and  liquid  water  can  coexist.  Thus  the  motive  power  of  glacierc 
is  well  explained,  for  when  the  pressure  under  the  glacier  reaches  a  certain 
magnitude,  at  the  point  of  contact  with  the  rigid  surface  on  which  the  glacier 
rests,  a  portion  of  the  ice  is  liquefied  and  the  glacier  moves. 

In  general  the  number  of  free  variables  or  degrees  of  freedom  can  be 
deduced  from  the  equation  F  +  L  =  S  +  2,  where  F  indicates  the  number 
of  phases,  L  the  number  of  free  variables,  and  S  the  number  of  substances 
composing  the  system,  so  that  L  =  8  +  2  —  F, 

The  system  of  n  components  with  n  phases  is  only  detennined  when  two 
variables  are  fixed,  and  a  single  free  variable  then  remains.  We  can,  for 
example,  have  water  vapour  alone  (one  component  and  one  phase)  in  various 
conditions  of  concentration,  of  temperature,  and  of  pressure,  but  we  can 
at  any  instant  determine  the  state  of  the  system  if  we  know  two  variables, 
because  the  third  may  be  easily  deduced  from  these.  In  this  case  we  have 
incomplete  equilibrium,  and  the  system  is  divariant,  as  we  have  noted  above. 

We  may  easily  represent  in  a  diagram  the  equilibrium  of  water  by  taking  as  the  two 
axes  of  co-ordinateB  the  temperature  and  the  pressure  (Fig.  36).  We  have  already  seen 
that  the  three  phases  of  water  coexist  at  the  temperature  of  0-0075°,  and  the  pressure  of 
4-57  mm.,  and  in  the  diagram  this  point  0,  called  the  triple  point,  is  fixed  by  the  intersection 
of  the  three  curves  separating  the  three   phases.     We  may  in  general  call  the  multiple 
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point  that  at  which  all  the  phases  can  coexist,  and  this  may  occur  for  a  given  number  of 
components  of  the  system  under  examination. 

Starting  from  the  point  O,  if  the  temperature  rises  the  ice  melte  and  the  water  remains 
in  two  phases,  liquid  and  gaseous,  which  are  only  in  equilibrium  when  at  each  given  tem- 
perature we  have  a  pressure  equal  to  the  vapour  tension.  If,  on  the- contrary,  thesyatein 
is  exposed  to  a  lesser  pressure  all  the  liquid  will  evaporate,  and  if  the  pressure  is  greater 
all  the  vapour  will  disappear  and  a  single  phase  only  will  remain.  Along  the  curve  O  Ay 
we  have  points  corresponding  to  temperatures  and  vapour  tensions  of  the  liquid  water 
representing  the  conditions  of  coexistence  of  these  two  phases.  Naturally  the  curve 
cannot  be  continued  beyond  the  limit  ^4,  if  at  this  point  we  have  the  critical  temperature 
of  water,  because  at  this  critical  temperature  the  liquid  phase  disappears  whatever  may  be 
the  pressure  (see  p.  28).  This  is  to  say,  in  a  system  of  two  phases  the  variability  is  not 
limitless. 

Starting  again  from  the  point  0,  if  we  diminish  the  temperature  the  liquid  phase  dis- 
appears, and  ice,  the  solid  phase,  is  formed,  although  equilibrium  may  be  maintained  between 

the  solid  and  the  gaseous  phase  along  the  curve 
OB,  which  represents  the  vapour  tension  of  ice  at 
various  temperatures  below  zero,  which  is  probably 
maintained  down  to  absolute  zero. 

Returning  again  to  the  point  O,  if  the  pressure  is 
increased  the  gaseous  phase  disappears  because  the 
vapour  is  condensed  and  ice  and  liquid  water  remain. 
These  two  phases  can  exist  simultaneously,  that  is, 
can  be  in  equilibrium  only  at  temperatures  and 
pressures  indicated  by  the  line  0  C,  From  the 
direction  of  this  line  we  see  that  the  freezing-point 
of  water  is  lowered  with  increase  of  pressure,  and 
this  is  why  ice  liquefies  with  increase  of  pressure 
unless  the  temperature  is  lowered.  This  is  a  special 
characteristic  of  water,  which  has  a  greater  volume 
in  the  solid  than  in  the  liquid  state.  For  all  other 
substances,  however,  the  line  O  C  will  be  directed  towards  the  right,  that  is  to  say, 
for  them,  in  the  solid  state,  no  liquefaction  can  occur  with  increase  of  pressure ;  the 
gaseous  phase  is  maintained  in  equilibrium  with  the  solid  phase  if  the  increase  of  pressure 
corresponds  to  an  increase  of  temperature,  and  if  this  latter  is  increased  it  is  impossiblo 
for  the  gaseous  phase  to  disappear. 

In  the  special  part  of  this  book  we  will  return  to  this  question  in  connection  with  the 
study  of  the  various  states  of  aggregation  of  sulphur. 

We  will  now  study  a  system  containing  two  components  (n  =  2).  In  the 
case  of  a  saturated  solution  of  a  salt  contained  in  a  vessel  together  with 
an  excess  of  undissolved  salt,  we  have  a  system  of  three  phases  which  may 
be  even  separated  mechanically,  namely,  the  solid  salt  at  the  bottom  of  the 
vessel,  the  solution,  and  the  vapour  of  the  solvent  which  occupies  the  space 
above  the  solution  at  a  given  vapour  tension.  The  independent  components 
are  two  in  number :  the  salt  and  the  solvent  (this  latter  being  Uquid  and 
in  the  state  of  vapour),  and  we  have  incomplete  but  determined  equilibrium 
because  n  +  I  phases,  that  is,  three  phases,  are  present ;  in  fact,  at  a  certain 
temperature  the  saturated  solution  has  a  definite  tension.  If  under  these 
conditions  the  pressure  is  diminished  a  certain  quantity  of  the  solvent  is 
transformed  into  vapour,  and  the  proportion  by  weight  between  the  phases 
is  altered,  because,  as  the  solution  is  saturated,  a  certain  quantity  of 
solid  salt  separates  from  the  solution  as  a  part  of  the  solvent  evaporates. 
But  the  equilibrium  between  the  three  phases  remains  unaltered,  bcKsause  if 
the  temperature  remains  constant  the  concentration  of  the  solution,  that  is 
the  quantity  of  salt  per  unit  volume  of  solvent,  is  unchanged,  and  thus  the 
vapour  has  the  same  tension  as  before,  because  the  concentration  of  the 
solution  is  unaltered,  and  there  is  always  the  same  quantity  of  vapour  in 
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uiiit  of  volume.  Equilibrium,  therefore,  still  exists  in  the  complete  system 
independently  of  the  absolute  quantity  of  the  components.  Allien  equilibrium 
exists,  a  definite  temperature  corresponds  to  each  definite  vapour  tension, 
and  if  at  constant  temperature  the  pressure  continues  to  diminish  or  increase, 
the  vapour  tension  is  forced  to  acquire  a  pressure  corresponding  to  the  fixed 
temperature,  so  that  the  solvent  will  continue  to  evaporate  if  the  pressure 
continues  to  diminish  until  only  the  solid  substance  and  the  vapour  remain, 
or  vapour  will  continue  to  condense  until  only  solution  and  solid  salt  remain 
in  the  case  when  the  pressure  is  continually  increased. 

The  same  phenomenon  is  observed  if  the  pressure  remains  constant  and 
the  temperature  is  continuously  changed. 

Thus,  if  we  have  a  system  oi  n  +  I  phases  in  equiUbrium,  we  may  vary 
the  temperature  or  the  pressure,  but  in  the  first  case  the  pressure  will  remain 
fixed,  and  in  the  second  the  temperature  will  remain  fixed,  and  the  system 
is  then  called  monovariant,  and  the  equiUbrium  is  incomplete  but  determmed. 
If  in  a  system  of  two  components  we  have  two  phases,  then  we  may  simul- 
taneously alter  the  temperature  and  the  concentration  of  one  phase,  by 
which  means  the  third  factor  of  the  equihbrium  is  fixed  in  each  case.  As  we 
have  already  seen,  we  have  in  this  case  a  divariani  system  and  an  incomplete 
and  indeterminate  equilibrium.  This  is  the  case,  for  instance,  for  an  un- 
saturated solution  of  a  salt  in  which  there  are  two  components,  salt  and  water, 
and  two  phases,  solution  and  vapour.  If  we  now  diminish  the  pressure, 
a  part  of  the  solvent  is  evaporated  and  the  concentration  of  the  solution 
increases,  producing  at  the  same  time  a  lesser  vapour  tension  ;  a  change  in 
the  system  thus  occurs  without  disappearance  of  either  of  the  phases  ;  if 
we  continue  to  diminish  the  pressure  until  the  concentration  of  saturation 
is  reached  we  continue  to  change  the  condition  of  the  phases  ;  only  after 
this  saturation  point  has  been  passed  there  is  separation  of  salt,  and  we  then 
have  three  phases,  that  is,  we  pass  from  an  incomplete  indeterminate  equili- 
brium to  an  incomplete,  determinate  equilibrium,  which  has  already  been 
studied  above. 

In  a  system  with  two  components  {n  =  2)  we  may  finally  study  complete 
equilibrium  in  the  case  in  which  we  have  n  +  2  phases.  This  is  the  case 
where  a  salt  is  dissolved  in  water  to  saturation  without  formation  of  l  chemical 
compound  and  is  present  in  excess  and  thus  partially  undissolved  at  the 
freezing-point  of  the  solution.  The  two  components  are  water  and  the  salt ; 
the  phases  are  four,  that  is,  n+  2,  namely,  the  vapour  above  the  solution, 
the  saturated  solution,  the  excess  of  undissolved  salt,  and  the  ice  separated 
from  the  solution.  In  this  case  the  ice  is  not  formed  of  the  solvent  (water) 
only,  as  is  the  case  for  dilute  solutions,  but  is  a  mixture  of  ice  and  salt,  that 
is,  it  forms  a  so-called  cryohydric  mixture.  The  temperature  at  which  such  a 
concentrated  sahne  solution  commences  to  freeze  is  called  the  cryohydric 
pointy  and  is  the  point  at  which  there  is  complete  equilibrium  or  coexistence 
of  the  four  phases. 

Wc  may  render  this  case  clearer  by  studying  it  with  the  help  of  a  diagram  (Fig.  37) 
where  wc  have  reproduced  by  means  of  dotted  lines  the  three  phases  of  water  which  we  have 
first  studied  with  the  relative  triple  point  O  and  curves  0  B,  O  C,  O  a.  The  freezing- 
point  of  the  saturated  solution  of  the  salt  (cryohydric  or  triple  ix)int)  must  necessarily 
be  at  a  temperature  lower  than  the  freezing-point  of  water,  because  we  know  from  cryoscopic 
considerations  (p.  86)  that  dissolved  substances  lower  the  freezing-point  of  the  solvent, 
and  thus  also  the  vapour  tension,  and  in  the  diagram  we  find  this  point  at  0'  corresponding 
to  the  temperature,  t\  and  the  pressmre  or  vapour  tension,  p\  which  is  common  to  the 
ice  and  to  the  solution.  The  point  0'  is  placed  at  the  intersection  of  the  curve  O  B 
(the  vapour  tension  of  the  separated  cryohydric  mixture)  and  O'  A'  (vapour  tension  of 
the  saturated  solution).     On  raising  the  temperature  the  ice  melts,  and  the  ciu've  O'  A* 
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indicates  the  various  temperatures,  concentrations,  and  vapour  tensions  corresponding 
to  saturated  solutions,  that  is,  to  a  triphase  system. 

If  we  now  increase  the  pressure  considerably,  at  the  same  time  slightly  diminishing 
the  temperature,  the  gaseous  phase  disappears  and  along  the  line  O'  C  are  found  the  values 

of  temperature  and  pressure  corresponding  to  the  equilibrium  of  the  triphase  system 

salt,  saturated  solution,  and  ice.  If  we  alter  the  temperature  or  the  pressure  in  such  a  way 
that  the  lines  O'  C\  0'  A\  or  0'  B'  run  to  the  right  or  to  the  left  of  the  lines  indicateU 
in  the  figiu-e,  then  we  obtain  a  diphase  system,  because,  if  we  take  any  point  whatevt  r 
on  the  line  O"  A'\  corresponding  to  a  triphase  system,  salt,  saturated  solution,  and  vapour 
(that  is,  in  which  the  ice  of  the  cryohydric  mixture  is  absent  and  therefore  the  point  O^' 
is  at  a  temperature  higher  than  0'),  and  decrease  the  temperature  slightly  and  gradually  , 
leaving  the  pressure  unaltered,  we  will  have  a  displacement  to  the  left  of  the  curve  O''  A  " 
until  the  gaseous  phase  is  condensed,  that  is,  until  it  disappears,  and  we  will  obtain  a 
corresponding  dilution  of  the  solution  which,  in  order  to  again  become  saturated,  dissolves 
more  salt ;   but  in  any  case  only  the  liquid  phase  and  the  solid  phase  (undissolved  salt) 

will  remain,  and  this  modilication  will  be  comprised 
r  in  the  area  C"  O"  A'\     We  may  reason  similaily 

Q    \  ^/  for  the  displacement  of  other  variables. 

\    \   \  /  A  The   phase  rule  is  not  only  of  considerable 

\    \   \  //  ^      theoretical  interest,  but  the  result  of  its  applica  - 

\     \   *•  //    /         tions  in  other  directions  has  become  of  the  greatest 

\     \    \       //  /  importance.       Thus,   for    example,    the    metaliic 

\     \    '•"/'/    /  alloys  are  entirely  composed  of  mixtures  of  com  - 

**^"""*' " I      \  y  /  pounds  which  are  formed  according  to  the  phase 

\/)/\  For  this  reason  a  certain  number  of  deter  - 

"/m    i   \  mined  experimental  data  being  once  known,    it 

y^  \     \   \  became  possible  to  prepare  alloys  which  possessed 

^.--^         ;     ■   :  one  or  another  desired  property. 

f    r"  0.0075  t  The  miorographic  study  of   metals,  by  means 

Fig.  37.  of  which  it  became  possible   to  analyse  the  state 

of    their  component  phases,  although  it  is  not 
many  years  old,  has  led  to  great  progress  in  metallurgical  processes. 

In  another  direction  also  all  the  igneous  rocks,  such  as  granites  and  gneiss,  which  are 
formed  by  the  decomposition  into  phases  of  a  fused  mixture,  have  been  studied  from  new 
scientific  standpoints. 

From  every  side,  and  especially  in  cases  of  complex  mixtures  which  had  not  been 
studied  until  lately,  except  by  certain  empirical  means  and  processes,  the  phase  rule  offers 
data  of  singular  clearness,  and  explains  in  a  marvellous  manner  facts  which  could  not  have 
been  interpreted  before  and  seemed  to  be  due  to  capricious  and  fantastic  phenomena. 

In  the  special  portion  of  this  book  we  will  repeatedly  have  occasion  to 
apply  these  conceptions  on  phases  and  equilibrium  generally. 

RADIUM,    RADIO-ACTIVITY,  AND   UNITY  OF   MATTER 

We  have  studied  numerous  laws  which  physical  and  chemical  transformations  of  matter 
obey.  We  have  seen  that  the  most  varied  chemical  phenomena  occur  without  loss  of 
weight.  By  the  study  of  thermochemistry  we  have  shown  that  in  all  transformations 
which  occur  in  nature,  the  energy  is  maintained  at  a  constant  value  with  regard  to  quantity, 
only  varjring  in  quality  («ee  p.  68). 

Whilst  the  various  forms  of  energy  are  capable  of  reciprocal  transformations  into  ono 
another,  in  the  case  of  matter  we  have  found  that  it  was  impossible  to  transform  one  element 
into  another,  for  example,  iron  into  gold,  &c. 

If  it  is  easy  to-day  to  show  that  energy,  even  in  its  most  varied  transformations,  can 
always  be  referred  to  a  single  form  ;  such  a  demonstration  in  the  ca&e  of  matter,  on  the  other 
hand,  has  not  yet  been  obtained  in  spite  of  many  experiments,  attempts,  and  most  brilliant 
philosophic  speculations.  Until  the  discovery  of  radium  nothing,  or  practicaUy  nothing, 
was  known  on  the  intimate  nature  of  matter,  and  compared  with  the  atomic  hypothesis 


UNITY   OF   MATTER  110 

of  the  ancient  Greeks  practically  no  progress  had  been  made  in  this  direction.  When  our 
mixid  searches  the  horizon  on  the  intimate  nature  of  matter  with  the  insufficient  knowledge 
of  natural  laws  discovered  up  to  our  time,  it  finds  at  a  certain  point  that  it  is  impossible 
to  rationally  solve  the  problem  of  the  first  cause  without  admitting  that  matter  itself  is 
nothing  else  than  a  form  of  energy. 

But  if  we  are  to  solve  this  profound  secret  of  nature  without  falling  into  the  errors 
of  metaphysics  and  empiricism,  we  must  rely  strictly  on  the  positive  laws  which  we  know, 
staking  to  discover  new  laws  by  the  aid  of  experiment,  and  also,  transitorily,  with  the 
aid  of  rational  hypotheses  which  liavo  already  contributed  so  much  to  the  progress  of 
science. 

We  have  already  accepted  the  hypothesis  of  discontinuous  matter,  divided  into  many 
small  ponderable  and  invisible  particles  called  atoms,  and  by  means  of  this  hypothesis  we 
have  explained  all  the  chemical  phenomena  (see  p.  21 ),  but  it  is  not  possible  to  explain 
by  means  of  this  hypothesis  certain  important  physical  phenomena,  especially  those  of 
light,  for  the  explanation  of  which  we  must  turn  to  another  hypothesis,  namely,  that  of 
the  cosmic  ether  {see  p.  5). 

An  atomic  hypothesis  of  the/iature  of  matter  had  already  been  propounded  by  William 
Thomson  (Lord  Kelvin)  and  by  Tait,  and  had  then  been  developed  by  Helmholtz  by  means 
cif  his  so-called  atomic  vortices.  According  to  Thomson,  matter  is  nothing  but  an  aggregate 
of  vibrating  nuclei  formed  from  something  which  fills  all  space  (the  cosmic  other).  These 
atomic  aggregates  are  nothing  else  than  vortex  movements  which  are  different  from  one 
another  and  are  stable  and  indivisible.  Such  ethereal  aggregates  with  different  and 
perpetual  movements  would  constitute  the  atoms  of  the  different  chemical  elements 
which  are  not  transformable  into  one  another.  Tait  added  that  these  rotary  movements 
<3f  the  various  atomic  vortices  must  be  the  cause  of  everytliing  which  affects  oiu:  sensej 
and  which  we  call  matter. 

After  these  considerations,  we  will  consider  somewhat  further  the  experimental  data 
in  order  to  form  an  idea  whether  we  can  arrive  at  any  conception  of  the  unity  of  matter 
because,  having  demonstrated  experimentally  the  unity  of  energy,  it  appears  strange 
that  the  matter  present  in  nature  should  always  be  subdivided  into  seventy-five  or  eighty 
different  kinds  (elements),  whilst  all  the  other  sciences,  including  zoology  and  botany, 
tend  to  show  the  convergence  of  the  most  various  organisms  towards  ever  simpler 
organisms,' until  they  arrive  at  a  single  primary  cell.     All  this  tends  towards  monism. 

After  the  work  of  Dal  ton  and  his  brilliant  atomic  hypothesis,  and  after  that  of  Lavoisier, 
Gay-Lussac,  I*roust,  BerthoUet,  Richter,  &c.,  at  the  end  of  the  eighteenth  century  and 
the  beginning  of  the  nineteenth,  after  many  of  the  atomic  weights  had  been  determined, 
and  after  the  lightest  substance,  hydrogen,  had  been  chosen  as  the  element  of  comparison, 
W.  Prout,  a  London  medical  man,  started  a  somewhat  hazardous  hypothesis  in  1815 
on  the  unity  of  matter.  Supposing  that  the  atomic  weights  of  the  elements  were  exact 
multiples  of  the  atomic  weight  of  hydrogen,  he  deduced  that  the  atoms  of  all  the  chemical 
elements  were  nothing  else  than  stable  aggregates  of  various  numbers  of  hydrogen  atoms  : 
thus  hydrogen  would  be  the  single  primary  material  from  which  all  the  other  elements 
were  derived.  Meinecke  (in  Germany)  in  1818  and  Thomson  (in  England)  supported 
this  hypothesis  strenuously,  together  with  a  few  other  chemists,  whilst  Berzelius,  who 
vas  at  that  time  much  occupied  with  the  study  of  atomic  and  molecular  weights,  com- 
bated it,  showing  that  the  integral  atomic  weights  chosen  by  W.  Prout  and  by  Thomson 
were  not  deduced  from  experimental  determinations,  but  had  been  considerably  altered 
in  this  direction,  which  was  confirmed  by  Turner  in  1829.  On  the  other  hand,  the 
supporters  of  Front's  hypothesis  replied  that  the  small  fractions  in  the  values  of  the 
atomic  weights  were  the  result  of  inevitable  experimental  errors.  Pointing  then  to  the 
discovery,  just  before  that  time,  of  the  free  alkali  metals  by  Davy,  who  separated  them 
electrically  from  the  alkalis,  which  had  up  to  that  time  been  held  to  bo  simple  bodies, 
many  chemists  supported  Prout's  hypothesis  as  the  most  plausible  and  the  one  which 
justified  the  hope  of  decomposing  many  other  substances  which  were  supposed  to  be 
simple.  But  Prout  s  hypothesis  was  rejected  by  all,  under  the  influence  of  Berzelius, 
and  was  only  taken  up  again  with  much  ardour  by  the  eminent  scientists  Dumas  and 
Stag,  when  they  foimd  that  the  atomic  weight  of  carbon  was  exactly  equal  to  12,  whilst 
Berzelius  had  confidently  given  to  it  a  number  which  was  greater  by  a  fraction  of  imity. 

Dumas  and  Stas  then  set  themselves  to  control  many  atomic  weights  by  means  of 


120  INORGANIC    CHEMISTRY 

an  extraordinary  wealth  of  experiments  and  of  scientific  apparatus,  with  a  view  to  con- 
firming  Front's  hypothesis.  After  a  prodigious  amount  of  very  accurate  work  lasting 
several  years,  during  which  Dumas  was  able  to  rigorously  control  the  atomic  weights 
of  more  than  twenty  elements,  the  two  scientists  came  to  diametrically  opposite  con- 
clusions. In  1868  Dumas  declared  himself  a  partisan  of  Front's  hypothesis,  while  Stas 
declared  the  contrary,  thus  causing  a  division  of  opinion  between  certain  chemists. 
Marignac  in  Geneva  also  contributed  to  the  dispute  by  means  of  very  valuable  work,  and 
in  order  to  support  the  hypothesis  of  Front  he  supposed  that  the  atomic  weight  of  the 
atoms  was  not  constant,  but  oscillated  about  the  nearest  whole  number.  Landolt  was, 
however,  able  to  demonstrate  by  means  of  exact  determinations  that  chemical  com- 
binations occur  in  a  manner  rigorously  fixed  with  regard  to  weight,  and  that  certain  atomic 
weights  are  to-day  exact  with  an  accuracy  which  extends  to  three  decimal  places. 

However,  when  Ostwald  recently  succeeded  in  estabUshing  oxygen  with  the  atomic 
weight  of  16  as  the  standard  for  the  other  elements,  with  the  approval  of  the  majority 
of  chemists,  many  of  the  atomic  weights  of  the  latter  which  were  found  to  be  represented 
by  fractional  numbers  when  referred  to  hydrogen,  became  whole  numbers.  One  part 
of  the  difficulties  concerning  the  hypothesis  of  the  imity«of  matter  thus  disappeared  if 
the  existence  of  some  primary  element,  two  or  four  times  lighter  than  hydrogen,  were 
admitted.  To-day,  however,  we  must  talk  of  a  primary  and  single  form  of  matter  which 
it  is  necessary  to  think  of  in  terms  of  atoms  immensely  smaller  than  those  of  hydrogen, 
such  as  we  have  vaguely  noticed  in  the  study  of  ions  and  of  electrons,  hi  fact  the  differ- 
ences of  weight  found  by  Landolt  and  Heydwciller  during  chemical  combination  {see 
Note  on  p.  9)  are  of  an  order  of  magnitude  so  small  that  we  may  perhaps  explain  them 
by  recent  views  on  the  sisse  of  electrons,  in  harmony  with  important  phenomena  of  radio- 
active bodies,  and  we  may  perhaps  confirm  the  conception  of  Marignac,  wliofce 
determinations  of  atomic  weights  do  not  lead  to  constant  weights,  but  to  values  oscillating 
about  certain  whole  numbers. 

Many  other  facts  attract  our  thought  towards  the  seductive  hypothesis  of  the  unity 
of  matter,  and  we  must  note  the  periodicity  in  the  chemical  and  physical  properties  of 
the  elements  which  was  brilliantly  shown  by  Mendelejcw  by  means  of  his  periodic  system 
of  the  elements  {see  end  of  this  volume).  Certain  physical  and  chemical  properties  arts 
in  fact,  a  true  function  of  the  atomic  weights.  The  elements  of  certain  groups,  taken 
in  the  order  of  their  chemical  atomic  weights,  show  a  regular  and  gradual  modification 
of  physical  and  chemical  properties. 

hi  the  allotropic  states  of  certain  elements,  for  example,  of  oxygen,  which  ako  forms 
ozone,  we  have  two  substances  with  different  chemical  and  physical  properties  although 
they  are  formed  of  a  single  elementary  material,  oxygen,  and  the  difference  is  explained 
by  the  different  numbers  of  equal  atoms  which  enter  into  their  molecules.  We  have  still 
more  imi)ortant  examples  in  the  numerous  isomers  and  stereoisomers  of  organic  com- 
pomids  which  differ  from  one  another  physically  and  chemically,  although  they  are 
constituted  of  the  same  elements  (for  example,  fumaric  and  maleic  acids,  C4U4O4  and 
C4H4O4)  and  which  are,  moreover,  transformed  into  one  another  with  the  greatest  ease. 
These  facts  being  known,  it  does  not  appear  to  be  heresy  to  suppose  that  the  atoms  of 
various  elements  may  be  composed  in  their  turn  of  still  smaller  particles,  and  that  their 
nature  only  differs  through  the  number  and  arrangement  of  these. 

If  we  also  consider  the  ionic  hypothesis  of  Arrhenius,  we  see  that  the 
molecules  -and  atoms  of  the  free  elements  have  chemical  and  physical  pro- 
perties very  different  from  those  of  the  corresponding  ions.  But  the  relations 
which  were  first  discovered  by  Ciamician  and  later  by  Gdinwald,  and  especially 
by  Kayser,  between  the  spectroscopic  constants  of  the  elements  and  their 
atomic  \\cights  showed  once  more  how  certain  physical  and  chemical  pro- 
perties are  functions  of  the  atomic  weights. 

The  important  observations  of  Lockyer  on  the  spectra  of  heavenly  bodies 
led  to  the  belief  in  a  gradual  decomposition  of  the  elements  themselves,  when 
these  WGTQ  exposed  to  very  high  temperatures.  Crookes,  m  his  important 
work  on  the  rai-e  earths  of  cerite,  enunciated  the  hypothesis  of  the  evolutiou 
of  the  atoms,  referring  them  all  to  a  primordial  material  which  he  called 
proiyh 
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The  current  knowledge  and  hypotheses  were  in  this  condition  until  a  few 
years  ago,  when  a  sensational  discovery  illuminated  this  field  of  uncertainty. 
It  was  the  discovery  of  radium,  which  removed  the  problem  from  the  realm 
of  hypothesis  and  of  hope  to  that  of  positive  experimental  facts,  and  it  was 
then  known  that  beyond  the  atom  which  had,  up  till  then,  been  known  to 
chemists,  a  further  marvellous  world  existed  which  enabled  it  to  be  shown 
by  means  of  rigorous  proof  that  the  hope  of  the  alchemists  of  the  trans- 
formation of  one  atom  into  another  was  not  altogether  a  dream. 

At  this  point  we  will  deal  somewhat  shortly  with  radium  and  radio- 
acti^dty. 

For  many  years  the  phenomenon  of  fluorescence  and  phosphoresoence  have  been 
unell  known.  A  fluorescent  substance  becomes  luminous  when  it  is  exposed  to  the  action 
of  the  ultra-violet  rays  of  the  spectrum  which  are  not  perceptible  by  our  eyes  on  account 
of  the  greater  frequency  of  their  undulations  {see  p.  6).  Such  substances  lower  the 
frequency  of  the  ultra-violet  radiations  so  that  they  are  rendered  visible,  but  the  lumi- 
nosty  only  lasts  whilst  the  substance  is  actually  exposed  to  the  action  of  these  dark 
rays.  Many  phosphorescent  substances,  pn  the  other  hand,  become  luminous  after  being 
subjected  to  the  action  of  daylight  and  remain  luminous  even  after  the  action  of  the 
light  has  ceased,  that  is,  in  total  darkness.  All  substances  appear  to  be  capable  of  phos- 
phorescence, but  in  some  cases  the  phosphorescence  only  lasts  for  a  single  instant,  some 
millionths  of  a  second,  whilst  in  other  cases  it  lasts  for  longer,  for  hours  or  even  for  weeks. 
Phosphorescence  may  also  be  provoked  by  percussion,  friction,  the  action  of  thermal 
and  electrical  vibrations,  &c.i  Now  to-day  very  interesting  substances  have  been  dis- 
covered which  are  able  to  emit  light  and  heat  continuously,  even  without  the  action  of 
any  stimulants  ;  these  are  the  radio-active  substances  which  have  been  studied  during 
the  last  few  years.  In  1896  Becquerel  discovered  that  mraninite  or  pitch-blende,  without 
having  been  rendered  phosphorescent  by  exposure  to  daylight,  emitted  special  radiations 
capable  of  influencing  a  photographic  plate,  radiations  which  were  propagated  in  straight 
lines,  but  could  not  be  reflected,  refracted,  or  polarised.  These  rays  rendered  gases  good 
conductors  of  electricity  and  discharged  an  electroscope  even  at  a  distance,  that  is, 
converted  even  so-called  insulating  substances  into  conductors  of  electricity.  Becquerel 
attributed  those  properties  to  mranium  and  luranium  compounds,  but  in  1898  and  1899 
Madame  Sklodowska  Curie  and  her  husband.  Professor  Curie,  showed  that  these  special 
properties  were  much  more  marked  in  certain  pitch-blende  residues  from  which  the 
greater  part  of  the  uranium  had  been  extracted.  They  therefore  concluded  that  the 
cause  of  these  phenomena  must  be  attributed  to  another  substance,  which  they  called 
polonium,  and  which  they  hoped  to  be  able  to  isolate  from  large  quantities  of  these 
residues. 

But  they  were  soon  able  to  separate  a  substance  a  milHon  times  more  active  than 
uranium,  to  which  they  gave  the  name  of  radium.  In  1899  Debierne  beUeved  that  he  had 
isolated  another  active  substance,  to  which  he  gave  the  name  of  actinium.  To-day  we  can 
safely  afiirm  the  existence  of  radium  only  in  the  various  compounds  which  have  been 
studied.  From  the  last  researches  of  Curie  (1910)  the  existence  of  polonium  appears  to  be 
also  confirmed.  In  1902  Rutherford,  on  the  other  hand,  had  separated  from  thoriiuii  pre- 
parations imponderable  quantities  of  a  radio-active  substance  called  thorium  X  (radio- 
thorium),  and  found  that  this  continued  to  be  formed  from  elementary  thorium  ;  but  it 
developed  an  emanation  and  gradually  lost  its  radio-activity.  Rutherford  concluded 
from  these  facts  that  the  material  atoms  of  radio-active  substances  are  in  a  state  of 
continuous  transformation,  and  this  permitted  him  to  form  a  flrst  theory  of  radio-active 
substances.  BcuLium  is  an  element  which  is  chemically  very  similar  to  barium.  From 
the  pure  bromide  RaBr,.2U,0  the  atomic  weight  of  radium  was  found  to  be  225,  now 
corrected  to  226*4.  Radium  compounds  have  a  smell  of  ozone  because  they  transform 
the  oxygen  of  the  air  into  ozone.     They  continuously  emit  heat  and  a  very  small  quantity 

^  Bfany  of  these  phenomena  are  to-day  comprised  under  the  generic  term  of  luminescence.  Any  body  which 
is  at  a  temperature  above  -  273**  emits  and  exchanges  energy  with  its  surroundings.  Our  eye  only  perceives  true 
lominous  energy  due  to  calori&c  radiations  which  bodi<»  emit  when  they  are  heated  to  at  least  360"  or  more. 
All  the  other  forms  of  luminosity,  even  at  low  temperatures,  are  comprised  in  the  term  luminetcencet  which  accom- 
panies many  chemical  phenomena.  Its  intensity  increases  with  the  thermal  tonality  and  with  the  velocity  of 
reaction,  which,  however,  has  no  influence  on  its  colour.  The  theory  of  luminescence  has  not  yet  been  evolved 
sHfaough  it  is  strictly  related  to  the  theory  of  electrons  and  of  dispersion. 
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of  special  light.  They  have  an  irritating  action  on  the  epidermis  and,  if  prolonged,  the 
contact  ends  in  the  production  of  blisters.  Radium  is  found  in  minimal  quantities  in 
nature,  but  it  is,  on  the  other  hand,  widely^  diffused.  In  order  to  obtain  twenty 
centigrammes  of  radium  bromide,  Madame  Curie  worked  up  two  tons  of  pitch-blende.^ 

In  1903  Ramsay  and  Soddy,  on  studying  radium  spectroscopically,  made  the  surprising 
observation  that  of  eight  principal  lines  four  or  five  are  common  to  the  helium  spectrum, 
but  the  spectrum  then  alters  and  the  radium  continues  to  be  transformed  into  another 
substance  not  yet  defined,  from  which,  as  a  final  product,  helium,  which  is  the  most 
visible  in  the  spectrum,  is  formed.     This  interesting  phenomenon  was  later  confirmed 
by  Debierne,  Giesel,  Curie,  Dewar,  Himstedt,  G.  Meyer,  and  others,  and  the  supposition 
of  Lord  Kelvin  that  the  helium  might  have  been  occluded  in  the  radio-active  substance 
was  excluded.     Actinium  also  produces  helium,   and  in  general  aU  the  radio-active 
substances  produce  a -rays,  formed  of  a -particles,  the  atomic  weight  of  which  is  identical 
with  that  of  helium,  so  that  this  latter  must   be  formed   of   u -particles  deprived  of 
the  electric  charge.     One  gramme  of  radium  produces  144  to  219  cu.  mm.  of  helium 
per  annum  and  would  require  tens  of  thousands  of  years  to  be  completely  transformed 
into  helium.     Radium  had  scarcely  been  discovered  when  certain  people  objected  that 
its  inexhaustible  activity,  which  does  not  diminish,  was  in  contradiction  to  the  funda- 
mental law  of  the  conservation  of  energy  (see  p.  4).     Now,  however,  it  is  clear  that  a 
diminution  of  energy,  namely,  transformation  into  helium,  does  take  place,  but  that 
it  is  so  small  that  it  escapes  all  ordinary  measurements  and  years  of  control  would  be 
necessary  in  order  to  determine  it.     All  the  properties  of  radium  remain  unaltered  even 
at  180°  below  zero,  although  at  —150°  the  radium  emanation  condenses  and  then  shows 
no  vapour  tension.     In  fact,  on  passing  a  current  of  air  at  that  temperature  over  radium, 
the  emanation  does  not  pass  into  the  air.     Thus,  also,  the  emanation  of  a  radium  salt 
is  almost  zero  in  a  perfectly  evacuated  tube.     Ramsay  and  Gray  in  1909  liquefied  and 
even  solidified  the  emanation  at  a  very  low  temperature  and  in  the  solid  state  it  became 
luminous  like  an  arc  lamp,  first  giving  a  bluish  metallic  light  which  then  became  yellow 
and  orange.     The  liquid  emanation  has  a  specific  gravity  of  6*8,  boUs  at   —  62°,  has  a 
critical  temperature  of  104*6°,  a  critical  pressure  of  47*45  mm.,  and  an  atomic- weight 
of  176  ;   it  melts  at  —  71°  ;   it  rapidly  undergoes  change  to  about  half  of  its  weight  in 
four  days.     The  whole  behaviour  of  radium  was  from  the  beginning  a  true  enigma,  for 
the  exact  scientific  interpretation  of  which  there  were  not  wanting  hardened  devotees  of 
dogma  and  metaphysics  who  attempted  to  proclaim  that  science  was  again  bankrupt. 

To-day,  however,  these  phenomena  have  all  re-entered  the  orbit  of  general  and  funda- 
mental laws,  thus  advantageously  enlarging  our  scientific  horizon  through  these  new 
and  most  important  discoveries.  We  will  now  interpret  these  apparently  strange 
phenomena  in  a  simple  manner. 

If  an  almost  absolute  vacuum  is  maintained  in  a  glass  tube  containing  electrodes 
united  to  an  induction  coil,  a  vacuum  as  low  as  a  few  millionths  of  an  atmosphere,  then 
when  an  electric  discharge  is  passed  rays  are  projected  from  the  cathode  in  a  direction 
normal  to  it«  surface  independently  of  the  position  occupied  by  the  anode.  Thete 
cathodic  rays,  also  called  /j-rays,  have  the  power  of  heating  bodies  which  they  irradiate 
and  of  rendering  them  luminous,  producing  an  emanation  of  X-rays  (Rontgen  rays  or 
y-rays).  They  are  able  to  traverse  thin  aluminium  plates,  and  cause  gases  and  all  bodies 
through  which  they  are  propagated  to  become  good  conductors  of  electricity.  It  has 
also  been  found  that  these  rays  are  diverted  from  their  rectilinear  course  under  the  action 
of  a  magnet  and  behave  as  though  they  were  constituted  of  negatively  charged  material 
particles.  On  studying  the  relation  between  the  electric  charge  and  the  mass  of  the&e 
moving  particles  (Electrons,  p.  101),  it  is  found  that  this  ratio  is  about  two  thousand  times 
greater  than  that  of  the  hydrogen  ion  compared  with  its  charge,  l-OOSgrm.  of  hydrogen 
having  a  charge  of  96,540  coulombs  (p.  91).  Consequently,  if  the  moving  particles  of  the 
cathodic  rays  have  a  mass  equal  to  that  of  the  ions,  they  umst  have  a  charge  two  thousand 
times  greater,  or  if  the  electric  charges  are  equal  to  those  of  the  ions,  then  the  mass  of 
these  particles  must  be  two  thousand  times  smaller,  which  is  also  very  probable  from 

•  The  piuiest  nidium  preparations  which  are  found  in  commerce  are  a  mixture  of  much  barium  chloride  with 
traces  of  radium  ciiloride,  and  cu.st  £1  to  £1  4«.  per  gramme  ;  a  mixture  of  barium  and  radium  products  containing 
10  per  cent,  of  the  latter  is  sold  at  a  price  of  £40  per  f^ramme,  and  the  radium  bromide  costs  £400  a  gramme  at 
that  rate.  In  1909  the  Austrian  Government  sold  the  first  pure  gramme  of  radium  salt  prepared  at  Joachimstal, 
qnd  there  were  several  bidders  at  £10,000  per  gramme. 
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considerations  of  quite  another  order.  We  know  that  the  negative  rays  are  constituted  of 
free  negative  electrons  which  move  w^ith  a  velocity  of  60,000  kilometres  per  second,  and  wo 
can  thus  understand  why  bodies  which  receive  these  particles  undergo  a  kind  of  bom- 
bardment and  become  heated.  The  y-rays  are  electrically  neutral,  as  they  are  not  diverted 
by  a  magnet,  but  they  are  endowed  with  a  very  great  power  of  penetration  of  opaque 
bodies,  and  according  to  Tuomikoski  (1909)  they  are  able  to  traverse  a  block  of  lead  of 
a  thickness  of  19  cms.  They  have  vibratory  properties  similar  to  those  attributed  to 
the  cosmic  ether.  Positive  electrons  are  also  known  which  form  the  anodic  rays  or  ci-rayp, 
(ioldstein's  rays  or  canal-rays,  which  pass  from  the  anode  in  the  evacuated  tube  men- 
tioned above,  and  proceed  to  the  cathode  by  which  they  are  absorbed  because  they  have 
not  the  property  of  passing  through  metals.  But  if  there  is  a  small  hole  in  the  cathode 
which  permits  them  to  pass,  they  pass  through  it  and  then  continue  their  course  along 
a  glass  tube  fixed  to  the  hole  behind  the  anode.  On  studying  these  rays  it  is  found  that 
they  do  not  pass  through  an  aluminium  plate,  and  that  they  are  diverted  by  a  magnet 
in  the  opposite  direction  to  the  cathode  rays.  They  are  also  repelled  by  positively  charged 
bodies,  so  that  they  are  considered  to  be  formed  of  particles  (electrons)  positively  charged, 
which  have  a  velocity  of  about  1000  kilometres  per  second.  The  negative  electrons,  on 
the  other  hand,  may  with  certainty  be  described  as  units  or  free  atoms  of  electrical  energy 
(J.  J.  Thomson).  The  existence  of  free  positive  electrons,  on  the  other  hand,  has  not 
yet  been  proved,  and  as  they  are  always  united  to  particles  of  matter  we  have  not  been 
able  to  demonstrate  experimentally  that  these  are  also  formed  of  an  agglomeration  of 
atoms  of  energy.  If  this  were  so,  then  all  matter  would  have  no  other  form  than  the 
various  aggregates  of  positive  or  negative  energy.  Ramsay  believes  that  up  to  this  day 
we  are  not  able  U)  liberate  positive  electrons,  and  that  these  must  be  considered  as  matter 
itself  or  as  the  essence  of  matter,  whilst  energy  is  represented  by  negative  electrons. 

The  relation  between  the  electric  charge  and  the  mass  of  the  positive  electrons  is  almost 
equal  to  that  between  the  electric  charge  of  the  ions  and  their  mass.  Thus  the  mass 
of  the  positive  electrons  is  about  two  thousand  times  greater  than  that  of  the  negative 
electrons  and  corresponds  to  the  mass  of  the  ions.  Rutherford  showed  experimentally  that 
the  particles  of  the  a -rays  are  identical  with  the  atom  of  helium,  as  has  already  been  noted 
above,  and  this  had,  moreover,  been  theoretically  predicted  by  him  before  Ramsay  dis- 
covered the  formation  of  helium  from  radium  ;  the  o -particles  should  have  a  weight 
double  that  of  the  hydrogen  molecule,  that  is,  a  weight  equal  to  that  of  the  atom  of 
helium  (4). 

Now  experiments  have  shown  that  the  electrons  of  positive  sign  have  different  masses 
and  velocities,  and  for  various  reasons  we  may  also  suppose  that  the  atoms  of  various 
sulstances  are  nothing  else  than  aggregates  of  positive  electrons  of  which  the  electrio- 
charge  is  due  to  the  negative  electrons.  After  these  considerations,  the  nature  of 
radium  is  rendered  less  obscure,  because  it  has  been  shown  that  this  emanates  few 
X-rays  and  a-rays  whilst  it  continually  emanates /3-rays  formed  of  negative  electrons  which 
have  those  interesting  properties  which  have  already  been  studied.  We  also  xmderstand, 
then,  why  radium  does  not  apparently  diminish  in  weight,  because  the  electrons  wliich 
are  projected  consist  of  such  extremely  small  quantities  of  matter  that  we  would  not  be  able 
to  appreciate  on  our  most  delicate  balances  the  loss  which  would  occiu*  even  through  a 
period  of  many  years.  But  these  particles  are  charged  with  such  large  quantities  of  energy 
and  are  endowed  with  such  a  velocity  that  on  colliding  with  surrounding  bodies  they  cause 
an  elevation  of  temperature.  The  radiations,  and  especially  the  /3-rays,  produce  ozone 
from  the  air  by  slowly  decomposing  water  vapour  with  formation  of  hydrogen,  hydrogen 
peroxide,  and  oxygen  (as  is  also  done  by  the  ultra-violet  rays ;  see  chapter  on  Argon), 
whilst  the  y-rays  do  not  show  any  such  phenomena. 

In  harmony  with  these  considerations,  we  may  suppose  matter  to  be  probably  con- 
stituted of  particles  much  smaller  than  the  chemical  atom  which  is  found  free  in  ordinary 
chemical  reactions  ;  particles  carrying  large  electric  charges  and  regrouped  in  varying 
numbers  in  more  complete  and  more  stable  systems,  which  systems  constitute  the  atoms 
of  the  various  chemical  elements.  We  thus  also  understand  the  slow  and  gradual  trans- 
formation of  radium  into  helium,  which  would  be  merely  an  orientation  and  regrouping 
of  the  electrons  of  radium  into  a  more  stable  system,  that  of  helium  ;  that  is  to  say, 
radium  is  an  element  in  a  state  of  decomposition.  The  radio-activity  would  then  be 
due  to  the  continuous  liberation  of  negative  electrons  from  the  material  nucleus  of  radium. 
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in  which  larger  positive  electronB  would  remain  in  preponderance,  round  which  the 
negative  electrons  would  rotate.  By  means  of  this  hypothesis  we  also  have  the 
simplest  and  most  logical  interpretation  of  the  unity  of  matter,  as  the  atoms  of  the 
common  elements  may  be  considered  as  being  formed  by  the  grouping  of  various 
numbers  of  these  electrons,  which  at  the  instant  of  their  union  lose  their  powerful 
electric  charges  in  the  form  of  light  and  heat.  According  to  Rutherford,  these  emanations 
of  electrons  cause  a  species  of  explosion  of  the  complete  atoms  of  radio-active  substances, 
so  that  a  few  elementary  particles  are  set  free  and  are  projected  with  an  extraordinary 
velocity  (electrons),  whilst  the  remaining  particles  collect  into  more  and  more  stable 
systems  until  they  gradually  become  atoms  of  the  common  elements  known  to  us,  for 
example,  helium.  Thus  radium  is  first  transformed  into  a  gaseous  emanation  which 
then  becomes  solid  at  the  ordinary  temperatiurc,  forming  radiiun  A,  which  gradually 
gives  origin  to  radium  B,  O,  and  Z>,  and  finally  radium  F,  When  this  substance  is 
doj)osited  on  other  bodies,  even  in  minimal  traces,  these  become  radio-active.  Radium  F 
would  be  the  polonium  of  Madame  Curie.  Radium  is,  in  turn,  the  fourth  term  in  the 
slow  transformation  of  uranium  during  thousands  of  years,  which  has  for  its  first 
term  uranium  X,  then  ionium,  radium,  emanation,  radium  A,  &c.  Actinium  would 
be  derived  from  the  other  series,  radio-actinium,  actinium  X,  emanation,  actinium  A, 
B,  and  C  ;  the  third  series  of  radio-active  substances  would  be  formed  by  thorium,  meso- 
thorium  1,  mesothorium  2,  radio- thorium,  emanation,  thorium  A,  By  and  C.  The  y-rays 
are  specially  produced  by  radium  C,  and  can  be  separated  from  the  a-  and  /3-rays  by  passing 
them  through  lead  plates  which  only  allow  the  y-rays  to  pass.  All  these  new  radio-activo 
elements  arc  not  yet  sufficiently  studied,  and  up  to  the  present  are  distinguished  from 
one  another  by  the  various  kinds  of  radiation  a,  /3,  y,  by  the  velocity  of  these,  which  is 
measiu'able  by  their  power  of  penetration  of  an  aluminium  plate,  or  by  their  ionising 
powers  in  air.  They  are  also  distinguished  by  the  rapidity  of  transformation  of  one 
term  of  the  series  into  the  next,  a  rapidity  which  is  measured  by  the  diminution  of  their 
radio-activity  ;  actinium  emanation,  for  example,  is  already  transformed  to  half  its 
extent  in  four  seconds,  whilst  uranium  requires  six  thousand  million  years. 

Ramsay  recently  suggested,  in  1909,  that  the  difference  between  the  various  elements 
depends  on  the  loss  or  addition  of  electrons,  and  that  the  transmutation  of  the  elements 
is  thus  possible;  and  he  declared  that  he  had  transformed  copper  into  lithium  by  the 
action  of  radiiun  emanation,  a  fact  which  was  seriously  contested  by  Madame  Curie  and 
by  Gleditsch  in  1908,  and  that  he  had  obtained  carbon  monoxide  and  dioxide  by  acting 
with  radium  emanation  on  the  following  group  of  elements :  silicon,  titanilim,  zirconium, 
thorium,  and  lead.  In  1909,  Rutherford  and  Royds  showed  that  the  a -particles  of  radio- 
active substances  are  nothing  else  than  helium  atoms  cctrrying  an  electric  charge,  and 
in  the  same  year  Perman  showed  that  copper  and  gold  do  not  undergo  any  change  through 
the  action  of  radium  bromide.  The  statements  of  Ramsay,  therefore,  need  to  be  con- 
firmed by  other  experimentalists  before  they  can  be  accepted  as  decisive.  The  formation 
of  radium  from  uranium  appears  to  have  been  demonstrated  experimentally  with  certainty 
by  Soddy  in  1909  ;  thus  a  solution  of  pmre  mranyl  nitrate  which  did  not  contain  any 
radium  certainly  contained  radium  after  three  years  had  elapsed. 

The  chemical  atoms  constituting  our  simple  substances  would,  therefore,  be  very 
stable  systems,  because  it  has  not  been  found  possible  by  any  method  to  restore  to  them 
the  energy  which  they  have  lost  in  order  to  transform  them  into  further  electrons.  By 
means  of  these  conceptions  we  are  already  better  able  to  explain  why  oiur  immense  source 
of  light  and  heat,  the  sun,  has  not  yet  been  exhausted.  The  chemical  reactions  which 
occur  incessantly  in  the  sun  and  the  condensation  of  matter  would  not  suffice  to  com- 
pensate for  the  heat  lost  through  continual  thermal  radiation,  and  the  sun  would  to-day 
be  cooled  in  a  much  more  perceptible  manner  if  there  were  not  some  continuous  and 
powerful  source  of  potential  energy  which  is  incessantly  transformed  into  actual  energy 
(see  p.  6).  The  solar  mass  is  jx^rhaps  still  constituted  in  part  of  free  electrons,  which 
are  gradually  being  converted  into  various  elements,  thus  developing  heat  which  com- 
pensates that  lost  by  the  sun.  As  a  matter  of  fact  helium  and  uranium  abound  in  the 
solar  photosphere,  and  this  fact  increases  the  possibility  of  this  hypothesis. 

In  conclusion,  although  we  admit  that  all  these  facts  tend  towards  the  hypothesis 
of  the  unity  of  matt^T,  or  better,  of  the  existence  of  energy  only,  up  to  to-day  the  experi- 
menta]  results  in  this  field  are  not  yet  sufficiently  advanced  for  us  to  accept  this  hypo- 
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thesiB  as  definitely  proved.  Of  a]l  the  elements  we  have  seen  that  radium  only  is  trans- 
formed into  helium,  but  not  iron  into  gold,  hydrogen  into  copper,  or  any  better  known 
element  into  any  other.  Also  the  tendency  of  these  transformations  is  in  the  sense  of 
a  transformation  of  an  element  of  high  atomic  weight  into  an  element  of  lower  atomic 
weight,  as  was  confirmed  by  Ramsay  if  he  obtained  traces  of  lithium  by  the  action  of 
the  radium  emanation  on  copper.  He  also  decomposed  hydrochloric  acid,  ammonia, 
and  carbon  dioxide  into  their  elements,  and  finally  regenerated  these  compounds  from 
their  respective  elements  by  means  of  radium  emanation  in  1908. 

But  the  dose  veil  which  hid  these  important  secrets  of  nature  has  been  rent.  Science 
and  progress  will  remove  it  completely  in  the  near  future.^ 

We  will  therefore  still  continue  to  refer  phenomena  to  molecules,  to  atoms,  and  to 
the  ions  of  various  substances  as  we  have  assumed  them  in  the  study  of  the  laws  which 
govern  matter  in  its  various  manifestations  ;  and  the  basis  of  these  general  laws  having 
boen  explained,  we  will  now  undertake  the  systematic  study  of  the  various  elements  and 
of  their  more  important  combinations. 

'  To  th«  dedactions  which  havo  just  been  arrived  at  we  may  also  add  the  following  new  considerations.  Since 
tlie  nature  of  the  electrons  is  itself  Independent  of  the  composition  of  the  electrodes,  and  as  any  gas  which  Alls 
the  flpace  around  us  should  produce  these  electrons,  and  as  also  the  same  kind  of  electron  is  always  produced  when 
any  gas  is  exposed  to  the  action  of  RSntgen  rays  or  irradiated  by  a  metallic  plate  with  nltra-vlolet  nys,  it  may 
be  argoed  that  all  matter  is  constituted  of  a  single  principle,  the  electron. 

H.  A.  Lorenti,  with  his  eleotro-magnetic  theory  of  light,  according  to  which  the  electro-magnetic  undula- 
tions which  produce  luminous  impressions  on  our  eye  are  the  product  of  the  movement  of  particles  one  thousand 
times  smaller  than  the  atom  of  hydrc^en  carrying  an  electric  n^ative  charge,  would  support  this  hypothesis. 
And,  furthermore,  we  may  mention  the  interesting  experiments  of  Zeemann,  who  succeeded  in  influencing  the 
spectroscopic  diaracter  of  light  emitted  from  Incandescent  substances  by  the  action  of  a  magnetic  field. 

A.  Debieme  has  also  recently  succeeded  in  transforming  actinium  into  helium.  It  has  also  been  shown  that 
the  radium  which  exists  represents  half  the  weight  of  that  which  was  present  ten  thousand  years  ago,  at  which 
epoch  it  was  probably  formed,  and  probably  In  a  further  ten  thousand  years  almost  all  the  radium  existing  will 
have  been  tranaformed.  But  during  this  geological  epoch  our  terra-aqueous  globe  has  not  undergone  such  pro- 
fbUKl  changes  as  to  justify  the  appearance  «z-novo  of  a  new  element  under  the  earth,  and  thus  the  hypothesis 
l}eoom»  plausible  that  radium  itself  is  formed  by  the  slow  and  intimate  decomposition  of  another  atom  of  higher 
atomic  weight.  We  only  know  two  atoms  of  atomic  weight  higher  than  that  of  radium,  namely,  thorium  and 
rniniom.  As  m  matter  of  fact,  uranium  minerals  alwaj^  contain  radium,  and  Soddy  succeeded  in  showing  the 
nmtinnoos  formation  of  radium  from  uranium  nitrate  even  after  all  traces  of  radium  had  been  carefully  removed. 
If  the  disintegration  of  radium  during  its  transformation  into  helium  lasts  ten  thousand  years,  the  disintegration 
of  nraninm  Is  estimated  at  ten  million  years. 

Whilst  the  heat  liberated  during  the  formation  of  a  molecule  of  various  substances  may  tise  to  a  maximum 
of  one  hundred  thousand  calories,  that  liberated  by  a  corresponding  quantity  of  radio-active  matter  in  its  evolution 
into  substances  of  more  stable  character  is  calculated  at  thousands  of  millions  of  calories. 


PART  II.    NON-METALS 

CLASSIFICATION    OF    THE    ELEMENTS 

The  division  of  the  elements  into  two  classes,  non-metals  and  metals,  is 
somewhat  arbitrary.  However,  we  retain  this  classification,  partly  because 
a  certain  characteristic  difference  exists  between  these  two  groups,  partly 
for  didactic  convenience,  and  also  because  it  is  usual. 

The  metals^  when  polished,  have  a  characteris  ic  his  rorrj  appearance, 
and  are  all  solid,  excepting  mercury  ;  the  non-metals  have  rarely  this  appear- 
ance, and  are  never  malleable  and  ductile  like  the  metals  ;  some  of  them, 
also,  are  gaseous. 

The  metals  are  good  conductors  of  heat  and  electricity,  and  their  con- 
ductivity decreases  as  the  temperature  is  raised  ;  the  non-metals,  on  the 
contrary,  are  less  good  conductors  of  heat  and  electricity,  and  their  con- 
ductivity decreases  as  the  temperature  is  lowered. 

The  metals  rarely  combine  with  hydrogen,  and  then  form  solid  compounds  ; 
on  the  other  hand,  non-metals  usually  combine  with  hydrogen  to  form  gaseous 
compounds. 

The  metals  unite  with  oxygen  to  form  compounds  which,  when  dissolved 
in  water,  have  a  more  or  less  basic  character,  the  reaction  being  generally 
alkaline  or  occasionally  weakly  acid  ;  non-metals,  on  the  other  hand,  combine 
with  oxygen  to  form  compounds  which  dissolve  in  water  to  form  liquids  of 
markedly  acid  character. 

On  decomposing  a  substance  containing  metals  and  non-metals  bj''  the 
electric  current,  the  latter  wander  to  the  positive  pole  and  the  metals  to 
the  negative  pole.  In  Part  III  of  this  treatise  the  general  properties  and 
characteristics  of  the  metals  are  summarised. 

The  metals  and  non-metals  are  further  subdivided  into  various  groups 
in  which  those  elements  are  collected  which  have  the  same  valency  and  a 
progressive  analogy  in  their  physical  and  chemical  properties,  and  in  the 
composition  and  behaviour  of  the  compounds  which  they  form.  This  more 
or  less  complete  relation  between  elements  of  the  same  group  and  their  deriva- 
tives was  made  evident  by  the  brilliant  classification  made  by  Mendelejew 
in  1869,  in  his  periodic  system  of  the  elements. 

Hydrogen  cannot  be  included  in  any  of  these  groups,  and  in  many  of  its 
properties  it  is  related  rather  to  the  metals,  although  a  gas.  For  this  reason 
we  will  discuss  it  alone  and  before  the  other  elements. 

HYDROGEN:  H,  1.008 

This  element  is  a  gas  which  is  found  free  in  very  small  quantities  on  the 
earth.  Bunsen  in  1852  and  others  later  (St.  Claire  Deville,  Leblanc,  Fouqu6) 
have  found  it  m  volcanic  exhalations.  It  has  been  found  pure  in  some  Stass- 
furt  minerals  (Reichardt,  1860),  strongly  compressed  in  some  meteorites 
(e.g.  that  of  Lenardo  and  another  from  South  Carolina,  1886),  in  the  inflam- 
mable gas  which  is  evolved  in  certain  countries,  and  in  petroleum  springs. 
Free  hydrogen  is  abundantly  present  in  the  solar  photosphere,  in  other  stars, 
and  in  all  nebuleB  of  which  the  light  has  been  analysed  by  the  spectroscope. 
It  is  formed  amongst  the  gases  evolved  during  certain  fermentations,  especially 

of  cellulose,  caused  by  certain  anaerobic  micro-organisms,  and  is  thus  also  found 

12G 
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in  coal,  in  peat,  and  in  the  intestines  of  certain  animals,  especially  cattle,  daring 
the  fermentation  or  putrefaction  of  their  food,  mixed  with  other  gases. ^ 

Blxcepting  oxygen  and  silicon,  combined  hydrogen  is  the  most  widely 
diffused  element  in  nature  ;  it  forms  11  per  cent,  of  the  weight  of  water  and 
enters  into  the  composition  of  all  vegetables  and  animals,  many  minerals,  and 
industrial  products,  petroleum,  &c. 

PHYSICAL  PROPERTIES.  When  pure,  hydrogen  is  a  colourless  and 
odourless  gas ;  it  is  not  respirable  when  pure,  but  is  harmless  when  mixed 
with  air. 

Its  density,  compared  y^-ith  air,  is  0*06947  (Rayleigh,  1893),  and  it  is  thus 
14*43  times  lighter,  so  it  can  be  poured  from  one  vessel  to  another.  Small 
balloons  of.  collodion  or  soap-bubbles  filled  with  hydrogen  rise  rapidly  in  the 
air.  Its  density  is  normal  even  at  a  white  heat,  therefore  it  does  not  undergo 
dissociation,  as  is  the  case  with  chlorine,  iodine,  &c.  After  allowing  for  all 
corrections,  a  litre  of  hydrogen  weighs  0*09009  grm.  at  normal  temperatiire 
and  pressure  (Rayleigh,  1895). 

Hydrogen  has  a  greater  specific  heat  and  is  a  better  conductor  of  heat 
than  any  other  gas  (about  seven  times  the  conductivity  of  air).  It  is  also 
a  good  conductor  of  electricity,  as  can  be  shown  by  the  following  experiment  : 

A  platinum  wire  traverses  a  glass  tube.  A  current  of  air  is  passed  through  the  tube, 
and  an  electric  current  is  simultaneously  passed  through  the  wire  from  four  Bunscn  colls. 
The  wire  glows,  because  the  air  surrounding  it  is  a  poor  conductor  of  electricity.  The 
current  of  electricity  is  now  stopped  and  hydrogen  passed  through  the  tube  for  some 
minutes  to  drive  out  all  the  air,  in  order  to  avoid  all  danger  from  the  explosive  mixture. 
If  the  current  is  now  again  passed  through  the  platinum  wire  it  does  not  glow  any  more 
because  the  hydrogen  which  now  surrounds  it  is  a  good  conductor  of  electricity. 

The  spectrum  of  hydrogen  gas  consists  of  four  luminous  lines,  of  which 
the  two  most  characteristic  are  red  and  greenish  blue. 

This  gas  is  the  most  diffusible  known,  because  it  is  the  lightest ;  it  diffuses 
through  substances  which  are  only  slightly  porous,  such  as  india-rubber, 
and  at  high  temperatures  even  through  quartz  vessels.  It  is  absorbed  in 
large  quantities  by  porous  bodies,  in  increasing  amount  as  the  temperature 
is  lowered  and  the  pressure  raised,  forming  so-called  solid  solutions. 

It  is  very  little  soluble  in  water  (1*93  vols,  in  100  vols,  of  water) ;  100  vols, 
of  alcohol  dissolve  7  vols,  of  hydrogen,  and  100  vols,  of  petroleum  dissolve 
65  vols. 

The  occlusion  or  adsorption  of  hydrogen  by  heated  metals  is  especially 
great  in  the  case  of  platinum,  nickel,  and  cobalt  (at  400°).  Palladium, 
according  to  Graham,  absorbs  376  vols,  rt  the  ordinary'  temperature  and 
almost  double  that  amount  at  about  100°.  On  using  palladium  as  the  cathode 
in  electrolysis  this  metal  absorbs  935  vols  (cathodic,  active,  or  metallic 
hydrogen).  Two-thirds  of  this  hydrogen  is  found  to  be  combined,  forming 
palladium  hydride  (Troost  and  Hautefeuille  (1875)  and  Krakau),  and  the 
other  third  is  dissolved  in  the  hydride  forming  an  alloy  or  solid  solution  in 
the  proportion  PdgHg  (Mond,  Ramsay,  and  Shields,  1901).  A  colloidal  solution 
of  palladium  adsorbs  420  vols,  of  hydrogen,  which  it  renders  more  active. 

Hydrogen  in  the  liquid  state  was  first  obtained  in  large  quantity  by  Dewar 
in  London  in  1898  at  a  pressure  of  180  atmospheres  in  the  apparatus  shown 
in  Fig.  38  (Cailletet  and  Pictet  claim  to  have  liquefied  it  in  1877,  but  the 
characters  attributed  to  it  by  them  were  incorrect)  : 

The  hydrogen,  obtained  from  a  cylinder,  ^,  at  a  pressure  of  180  atmospheres,  is  cooled 
in  the  first  spiral  tube,  B,  with  solid  carbon  dioxide  ;  in  the  second  spiral,  C,  it  is  then  cooled 

'  The  0M  of  the  inteBtinea  of  the  ox  consiita  partly  of  hydrogen,  and  conta  ns  also  about  70  per  cent,  of  methane ; 
these  gases  are  formed  by  the  decomposition  of  cclliilotfio  rendered  partly  soluble  by  certain  enzymes  secreted  by 
the  special  micro-organisms  of  the  intestint  i$tt  vol.  ii.,  Organic  Chemistry). 
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with  liquid  air  to  about  -  190°,  and,  finally,  in  the  third  spiral,  B,  hy  making  use  of  the 
great  refrigeration  produced  by  the  rapid  expanHion  of  the  same  hydrogen,  compressed  to 
ISO  atmoapherea,  when  tho  valve,  F,  is  opennd,  the  temperature  ia  lowered  to  —232°, 
iu)d  a  jet  of  liquid  hydrogen  issues  from  the  aperture,  E. 

Liquid  hydrogen  is  limpid,  colourleHs,  and  very  refractive  and  dispersive. 
It  shown  no  absorption  flpoetrum.  It  hoi  In  at  — 2526'' at  the  ordinarj- pressure 
(that  is,  at  20*4°  on  the  absohito  scale).  At  this  temperature  all  known  ganeR 
and  liquids  become  solid  except  helium,  which  does  not  liquefy  even  at  —200°, 
The  density  or  specific  gravity  of  liquid  hydrogen  is  0070,  and  it  is  the 
lightest  liquid  known,  being  fourteen  times  lighter  than  water. 

On  rapidly  reducing  the  pressure  above  liquid  hydrogen  its  temperature 
is  finally  lowered  to  —2689°,  and  the  hydrogen  solidifies.  The  lowest 
temperature  obtained  by  evaporating 
solid  hydrogen  was  —260°  {that  is, 
13°  absolute)  and  the  specific  gravity 
of  solid  hydrogen  is  00763  (Dewar, 
;   1904). 

CHEMICAL  PROPERTIES.  Free 
hydrogen  combines  directly  with 
fluorine  even  at  —  23°,  whilst  with 
'chlorine  it  only  unites  under  the 
action  of  light  or  heat ;  with  bromine 
both  light  and  heat  are  required, 
whilst  with  iodine  it  combines  very 
slowly  under  the  influence  of  light 
and  heat,  but  if  condensed  in  platinum 
sponge  it  combines  immediately,  act- 
ing as  nascent  hydrogen.  The  aflinity 
of  hydrogen  for  the  other  elements 
diminishes  with  increasing  atomic 
Pj    gg  weight    of    the    latter,    for    example, 

it  unites  with  oxygen  with  explosion ; 
with  sulphur  the  reaction  is  incomplete  and  occurs  in  presence  of  pumice  stone, 
with  tellurium  cathodic  hydrogen  is  required  (electrolytically  nascent),  &c. 

Two  grammca  of  hydrogen  combining  with  16  grms.  of  oxygen  to  form 
liquid  water  develop  68,400  cale.  (286  Kj.).  The  flame  of  hydrogen  burning 
in  pure  oxygen  reaches  a  temperature  of  over  2800°  (that  of  carbon  monoxide 
in  oxygen  gives  2600°  and  of  acetylene  in  oxygen  3000°). 

Hydrogen  is  a  combustible  gas,  but  does  not  support  combustion.  For 
example,  it  bums  well  in  air  i^ith  a  colourless  flame,  but  if  a  burning  substance 
is  immersed  in  it  this  ceases  to  bum.  But,  under  certain  circumstances  it 
even  supports  combustion,  e.g.  it  maintains  the  combustion  of  a  cblorino 
flame. 

On  introducing  a  small  hydrogen  flame  into  glass  tubes  of  varying  lengths  aud  widths 
very  varying  notes  are  produced,  forming  tho  so-called  chtmital  harmonira  ;  this  is  due 
to  numerous  small  explosions  which  succeed  one  another  regularly  and  rapidly  Jn  the 
tubes  through  the  combination  of  hydrogen  with  the  oxygen  of  tho  air. 

Hydrogen  is  an  energetic  reducing  agent,  because  it  replaces  oxygen  or 
eliminates  it  in  the  form  of  water  from  many  compounds.  Thus,  for  example, 
on  passing  hydrogen  over  red-hot  copper  oxide,  pure  copper  and  water  are 
formed  :  CuO  +  H.  =  Cu  -H  HjO. 

By  reduction  the  elimination  of  oxygen  from  a  compound,  with  or  without 
Hubstitution  by  hydrogen,  is  ordinarily  understood.  Ipatjew  (1909)  has 
shown  that  hydrogen  separates  metalg  from  solutions  of  their  salts  'at  high 
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temperatures  and  pressures,  for  example,  it  separates  metallic  copper  from 
the  acetate  in  solution  at  120°  and  600  atmospheres  pressure. 

By  mixing  2  vols,  of  hydrogen  with  1  vol.  of  oxygen  one  obtains 
detonating  gas,  so  called  because  with  a  lighted  body  it  gives  a  powerful  ex- 
plosion. The  product  of  this  reaction  is  water  vapour  which  condenses  very 
rapidly,  through  which  cause  the  effect  of  the  explosion  is  to  some  extent 
weakened.  On  mixing  10  vols,  of  air  with  4  vols,  of  hydrogen  the  right  pro- 
portions for  detonating  gas  are  obtained,  but  even  with  10  vols,  of  air  and  3  vols, 
of  hydrogen  the  mixture  still  explodes.  Mixtures  of  hydrogen  and  oxygen 
are  explosive  within  the  following  limits  :  a  minimum  of  8  per  cent,  and  a 
maximum  of  64  per  cent,  of  hydrogen  ;  below  the  minimum  or  above  the 
maximum  the  mixture  does  not  explode.  The  temperature  of  ignition  of 
detonating  gas  is  about  700°. 

Hydrogen  produced  by  the  fermentation  and  putrefaction  of  organic 
substances  is  chemically  very  active,  and  so  is  that  produced  in  the  nascent 
state  from  sodium  amalgam  or  that  occluded  in  palladium ;  this  hydrogen 
is  not  in  the  molecular  condition,  but  partly  in  the  atomic  state.  In  this 
state  it  is  an  energetic  reducing  agent,  and  when  hydrogen  is  greatly  com- 
pressed it  IB  also  much  more  active  and  even  reduces  mercuric  chloride  : 
HgClj  -h  H,  -h  1000  atm.  pressure  =  Hg  -h  2HC1.  This  phenomenon  is  quite 
common,  as  has  been  shown  by  Ipatjew  (vide  supra). 

INDUSTRIAL  USES  OF  HYDROGEN.  This  gas  is  valuable  on  account 
of  the  high  temperature  produced  when  it  is  burnt  in  the  presence  of  oxygen 
(up  to  2800°),  and  this  is  made  use  of  in  the  oxy-hydrogen  blowpipe  (see 
Oxygen)  for  the  fusion  and  welding  of  platinum,  iron,  lead,  copper,  &,c. 
Hydrogen  and  oxygen  obtained  from  two  cylinders  of  the  strongly  compressed 
gases  are  brought  together  in  a  single  tube  and  when  lighted  form  the  oxy- 
hydrogen  flame. 

The  oxf^hydrogen  flame  has  an  oxidising  action  if  oxygen  is  present  in 
excess  and  a  reducing  action  when  an  excess  of  hydrogen  is  present  (5  vols, 
hydrogen  and  1  vol.  oxygen)  ;  it  is  neutral  if  exactly  1  vol.  of  oxygen  is  present 
to  each  2  vols,  of  hydrogen.  Ordinarily,  for  welding  metals,  a  flame  is  used 
containing  3  to  4  vols,  of  hydrogen  to  1  vol.  of  oxygen,  and  for  welding  lead 
(for  example,  in  lead  chambers  for  the  manufacture  of  sulphuric  acid),  the 
hydrogen  flame  is  fed  with  air.  For  some  years  the  oxy-hydrogen  flame  has 
been  advantageously  replaced  by  the  oxy-acetylene  flame  (see  Oxygen). 

Hydrogen  is  used  in  steel- works  for  the  autogenous  welding  of  iron  to 
iron  and  for  homogeneously  filling  up,  with  a  perfect  joint,  the  blow-holes 
which  are  often  found  in  molten  steel  castings.  The  welding  is  much  more 
perfect  than  that  obtained  with  the  electric  arc,  which  is  also  rather  incon- 
venient because  its  very  intense  light  is  very  trying  to  the  sight  of  the  workmen, 
and  produces  bad  headaches. 

In  boiler  factories  the  superposed  iron  plates  were  formerly  riveted  and 
then  caulked;  recently  autogenous  welding  has  been  applied  with  great 
economy  of  time  and  money. 

Hydrogen  and  also  water  gas  (see  below)  is  used  for  heating  the  baking 
and  annealing  kilns  for  ceramic  materials. 

Many  chemical  operations  can  be  carried  out  by  means  of  the  oxy-hydrogen 
flame  instead  of  the  electric  furnace  ;  for  instance,  the  conversion  of  barium 
carbonate  into  barium  oxide  appears  to  be  sufficiently  mcII  effected. 

In  glass-works  the  heating  of  furnaces  and  crucibles  is  greatly  accelerated 
by  the  oxy-hydrogen  flame. 

Limelight  is  produced    by    impinging    an    oxy-hydrogen   flame  on  to  a 
block  of  quicklime.     In  this  way  a  very  vivid  light  is  obtained  which  is  often 
used  both  for  lighthouses  and  for  projection  lanterns  instead  of  the  electric 
I  .  9 
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arc.  The  Dobereiner  lamp  is  of  historical  interest  only,  and  consisted  of  a 
bottle  in  which  hydrogen  was  evolved  and  was  passed  over  platinum  sponge, 
causing  this  to  glow  and  thus  igniting  the  gas. 

During  the  last  few  years  hydrogen  has  acquired  new  and  great  import- 
ance in  aeronautics  (now  that  the  problem  of  dirigible  balloons  has  been 
definitely  and  successfuUy  solved)  for  filling  balloons,  because,  compared 
with  coal-gas,  hydrogen  is  much  lighter,  and  when  compressed  in  steel  bottles 
to  200  or  even  300  atmospheres'  pressure,  it  occupies  little  space  and  is  con- 
venient for  transport ;  also  it  can  be  prepared  on  the  spot,  as  will  be  shox^Ti 
below,  by  one  of  two  methods  of  manufacture.  The  ascensional  force  of 
hydrogen  is  given  theoretically  by  the  diflFerence  in  weight  of  a  cubic  metre 
of  air  and  a  cubic  metre  of  hydrogen  (1*293 -0*090  kilo),  and  is  thus  1*203  kilo, 
but  allowance  must  be  made  for  ihe  lesser  weight  of  the  air  at  high  altitudes 
(at  the  Observatory  Margherita,  on  Monte  Rosa,  the  atmospheric  pressure 
is  about  440  mm.)  and  for  the  greater  weight  of  hydrogen  as  prepared,  in 
the  wet  state  (about  0*  120  grm.  per  cubic  metre).  In  practice  one  takes  one  kilo 
as  the  raising  capacity  of  one  cubic  metre  of  hydrogen,  and  it  is  then  easy  to 
calculate  the  quantity  required  to  raise  a  given  weight  (balloon,  car,  crew,  &c.). 
When  coal-gas  is  used,  the  theoretical  ascensional  power  is  only  700  grms.  per 
cubic  metre.  For  aeronautics  it  is  important  that  the  arsenic  hydride  present 
as  an  impurity  should  be  eliminated,  as  in  some  cases  it  may  produce  poisoning 
of  the  crew,  followed  by  death  (at  Chalais,  on  April  3,  1900,  two  people  were 
killed  and  three  others  were  seriously  poisoned) ;  for  this  reason  one  should 
stipulate  that  the  sulphuric  acid  used  for  producing  the  hydrogen  should 
not  contain  more  than  10  centigrms.  of  arsenic  and  1  grm.  of  antimony 
per  litre. 

Hydrogen  is  indirectly  used  for  illumination,  with  the  Auer  mantle,  and 
as  a  motive  force,  being  an  important  component  of  water-gas,  together  with 
CO2  and  CO,  and  of  lighting  gas. 

Much  hydraulic  power  which  is  still  lost  in  waterfalls,  especially  at  night, 
can  be  profitably  employed  for  the  electrolytic  decomposition  of  water ;  the 
two  separate  gases  are  collected  in  gasometers,  may  be  kept  till  the  daytime, 
and  then  serve  as  a  source  of  heat  and  thus  also  of  mechanical  power. 

Oxy-hydrogen  gas  is  perhaps  destined  to  replace  coal  in  great  part  for 
many  industrial  purposes,  as  coal-gas  is  inferior  as  a  source  of  heat  and  in 
some  cases  is  20  per  cent,  dearer. 

In  1905  the  engineer  Sanne  proposed  the  use  of  compressed  and  heated  hydrogen  for 
gas  motors,  by  utilising  its  greater  force  of  expansion,  compared  with  other  gases,  under  the 
same  conditions.  He  deduced  this  from  the  fact  that  Boyle's  law  and  the  efficiency 
of  Camot's  cycle,  in  the  case  of  compressed  and  reheated  gases,  are  not  equal  for  all 
gases,  and  that  the  specific  constants  of  the  individual  gases,  deduced  from  the  thermo- 
dynamic equations  connecting  the  specific  heats  at  constant  pressure  and  constant  volumes 
indicate  that  the  thermodynamic  value  of  the  hydrogen  is  greater  than  that  of  all  other 
gases. 

Electrolytic  hydrogen  is  placed  on  the  market  in  steel  cylinders  of  35  litres  capacity 
at  200  atmospheres  pressure,  and  is  sold  at  about  lOd,  per  cubic  metre  of  gas,  measured 
at  the  ordinary  pressure. 

In  Italy  42,000  cu.  metres  of  compressed  hydrogen  were  produced  in  1906  and  more 
than  43,000  cu.  metres  in  1907  of  the  value  of  £1720  ;  the  increase  in  production  is  very 
small  because  the  hydrogen  blowpipe  is  being  replaced  by  the  ozy-acetylene  blowpipe 
for  welding  during  recent  years. 

PREPARATION  IN  THE  LABORATORY.  In  the  sixteenth  century  Paracelsus 
already  knew  that  some  metals,  in  contact  with  certain  dilute  acids,  developed  an 
inflammable  gas  {inflammable  air).  In  1766  Cavendish  succeeded  in  distinguishing  and 
separating  hydrogen  from  other  inflammable  gases,  and  in  1781,  together  with  Watts, 
showed  that  the  sole  product  of  the  combustion  of  hydrogen  was  water. 
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In  1781  ftiid  1783  lavoiaier  prepared  hydrogun  fay  decomposing  water  with  red-hot 
iron,  by  which  meaiu  he  was  able  to  fully  coniirin  the  chemical  compoBJtion  of  water, 
both  from  the  synthesiB  of  Cavendish  and  from  his  own  anaiysis, 

Uj'drogen  is  commonly  obtained  in  the  laboratory  by  the  action  of  dilute  hydrochloric 
«  sulphuric  add  (one  part  of  conoentrated  hydrochloric  acid  and  two  of  watM,  or  one  of 
^aiphurio  acid  and  four  of  water)  on  small  pieces  of  zinc  (or  also  of  iron) : 

Zn  +  H^O,  =  H,  +  ZnSO,  ;    2HC1  +  Zn  =  ZnCI,  +  H,. 

For  this  operation  a  Kipp  generator  is  usually  used,  as  illustrated  in  Fig.  39  ;  the  two 

1 _!___   i.._ii._   1  ._j  J  —  ji^  jji^Q  piece  and  in  communica- 

lerminates  below  in  a,  long  glass 
I  the  lowest  bulb,  closing  hermeti- 
>  middle  bulb,  b,  granulated  zinc 
!  into  water)  is  introduced  through 
:nd  is  poured  into  the  upper  bulb 
db  and  is  driven  into  the  central 
one,  where,  in  contact  with  the 
line,  it  produces  hydrogen.   The 
gas  escapes  from  the  aperture,  e, 
provided  with  a  cocit,  is  washed 
fay  bubbling  through  a  solution 
of  caustic  soda  in  the  bottle,  S, 
and  is  collected  over  water  in 
the  cylinder,  C.  When  the  evolu- 
tion of  gas  is  to  bo  stopped  the 
cock,  e,  is  at  once  closed  and  the 
I  gas  which  continues  to  be  de- 
f  veloped  in  b  exerts  pressure  on 
■'  the  acid  and  drives  it  into  the 
r  lowest   bulb,  d,  and   partly  into 
Fio.  39.  the  upper  faulfa.     When  there  is 

no  more  acid  in  the  middle  bulb 
the  gag  evolution  stops,  and  when  gas  is  again  required  the  cock  is  opened  and  the  acid 
again  comes  into  contact  with  the  zinc.     By  using  this  ingenions  apparatus  any  quantity 
of  gas  can  bo  produced  at  any  time  by  reaction  between  a  liquid  and  a  solid  substance 
{e.j.  hydrogen   sulphide,  carbon  dioxide,  acetylene, 
i(^-),  without  any  loss  of  time  or  waste  of  reagentp. 
Another  apparatus,  more  simple  and  equally 
<^>nvciiient  and  in  general  use,  is  shown  in  Fig.  40. 
and  consists  simply  of  two  tubulated  bottles,  S  and 
Z.  communicating  below  by  a  long  rubber  tube,  r. 
One  of  these   contains   the  zinc  and  the  other  the 
•rid ;  when  the  latter  is  raised",  acid  pa.ises  into  thf 
former  and  the  gas  is  developed  ;  when  it  is  lowered. 
the  acid  runs  back  and  the  evolution  of  gas  ceases. 

During  the  electrolytic  decomposition  of  water 
(acidified  with  sulphuric  acid,  I  :  10)  the  hydrogen 
collects  at  the  negative  pole,  and  the  ojygen  at  thiT 

posilive  pole.     Bunaen  proposed  an  apparatus  for  Flo.  40. 

collecting   purest  electrolytic   hydrogen   (Fig.  41) 

from  acidified  water  by  separating  the  oxygen  at  the  positive  pole  with  a  plate 'of 
amalgamated  sine  and  collecting  the  hydrogen  from  the  negative  pole  which  is  led  off 
through  a  superposed  tube  at  the  top  of  the  apparatus,  surrounded  by  water  or  mercury 
to  prevent  escape  of  the  gas. 

Hydrogen  is  purified  by  washing  with  a  solution  of  potassium  permanganate,  and 
i'' dried  with  fused  potassium  hydroxido  or  by  being  bubbled  through  concentrated  sulphuric 
add. 

Hydrogen  is  also  obtained  by  the  electrolysis  of  a  dilute  aqheous  solution  of  sodium 
hydroiide,  but  in  this  case  it  is  always  contaminated  with  small  traces  of  acetylene 
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derived  from  the  small  quanttties  of  carbides  contained  in  the  caustic  soda  ;  this  applies 
in  a  still  greater  degree  to  potassium  hydroxide.  Hydrogen  bo  obtained  contains  only 
(KWl  to  0-005  per  eent.  of  nitrogen. 

Hydrogen  is  formed  by  the  action  of  various  metals  on  water ;  potassium  acts  even 
in  the  cold,  with  incandescence  and  catches  fire  ;  sodium  acts  less  violently,  and  in  the  form 
of  amalgam  gives  a  steady  current  of  gas :  H,0  +  Na  "  NaOH  +  H  (sodium  amalgnm 
is  an  alloy  of  sodium  and  mercury). 

The  alkaline  earth  metals  also  develop  hydrogen  with  water.  In  all  fhese  caeea  the 
hydroxides  of  the  metala  and  free  hydrogen  are  formed.  Magnesium  powder  commences 
to  react  with  water,  evolving  hydrogen  at  70°,  and  more  actively  still  in  presence  of  a 
little  magnesium  chloride  which  dissolves  the  magnesium  oxide  which  is  formed  at  the 
same  time. 

Iron  decomposes  steam  at  high  temperatures  with  formation  of  hydrogen,  commencing 
at  300°,  and  attaining  a  maximum  at  800°  ;  this  method 
finds  industrial  application  : 

3Fe  +  4H,0  -  Fe,0,  +  4H,. 
The  hydrogen  which  is  formed  is  collect«d  by  displace- 
ment of  water  in  glaas  cylinders  inverted  over  a  vessel  of 
water.     It  is  recognised  by  burning  with  a  pale  flame, 
forming  water  when  lighted. 

Hydrogen  is  obtained  fairly  pure  and  in  great  abun- 
dance by  the  action  of  aluminium  powder  on  boiling 
water,  with  the  help  of  the  catalytic  action  of  a  little 
dilute  solution  of  potassium  permanganate.  After  the 
action  has  been  started  it  continues  without  further  heat- 
ing. Fermanganate  in  excess  is  harmful  and  cannot  be 
replaced  by  a  solution  of  other  oiidisiag  substanceB  such 
as  chlorates,  perchl orates,  or  potassium  nitrate. 

Pure  hydrogen  is  also  obtained  by  decompomng  potas- 
sium formate  with  potassium  hydroxide  on  beating  : 
Kio.  41.  CO.KH  +  KOH  =  CO,K,  +  H,. 


Also  zinc  and  magnesium  evolve  hydrogen  from  ammonium  salts,  excepting  a 
nitrate. 

One  can  also  obtain  hydrogen  by  heating  to  redness  a  mixture  of  finely  divided  zinc 
or  iron  with  quicklime  and  slaked  lime:   Fe  +  Ca(OH),  =  FeO  +  CaO  +  H,. 

Very  pure  hydrogen  can  be  obtained  from  pure  zinc  and  pure  sulphuric  acid,  but  as 
chemically  pure  dnc  alone  docs  not  react  with  the  pure  add  a  small  trace  of  platinum 
chloride  must  be  added  ;  this  produces  a  minute  deposit  of  platinum  on  the  zinc,  forming 
a  voltaic  couple,  which  immediately  causes  the  gradual  solution  of  the  zinc  and  regular 
evolution  of  pure  hydrogen  (which  can  only  contain  the  traces  of  other  gaeea  which  may 
be  occluded  in  the  zinc). 

PURIFICATION  OF  HYDROGEN.  Hydrogen  prepared  from  ordinary  reagents 
always  contains  impurities,  such  as  the  nitrogen  oxides  N,0  and  NO  (produced  from  the 
nitrous  products  contained  in  the  sulphuric  acid),  hydrogen  sulphide  (H^),  sulphurous 
acid  (SO,),  hydrogen  phosphide  (PHj),  arsenic  hydride  (AsHj),  carbon  monoxide  (CO), 
and  dioxide  (CO,).  It  is  piuilied  by  washing  with  a  S  per  cent^  solution  of  silver 
nitrate,  then  by  sodium  hydroxide  solution,  and  is  finally  dried  by  passing  over  phosphoric 
anhydride.  If  copper  sulphate  is  added  to  the  zinc,  H^S  does  not  occur  as  an  impurity. 
CO,,  H,S,  and  SO,  may  also  be  absorbed  by  ammonia  ;  AsH,  and  PHj  are  removed  by 
fuming  nitric  acid  or  by  bromine,  and  the  nitrc^n  oxides  by  ferrous  sulphate. 

A  satisfactorily  complete  purification  for  industrial  purposes  is  obtained  with  an  alkaline 
solution  of  potassium  permanganate  (5  grms.  of  permanganate  in  100  grms.-  of  potassium 
hydroxide  of  10  percent,).  Hydrogen  is  soraotimos  purified  by  passing  it  through  vessels 
containing  quicklime,  iron  oxide,  and  sawduHt  (Laming 's  material,  as  used  for  purifying 
coal-gas).  In  n  prize  competition  at  Frankfort  in  1906  the  mctliod  of  Wcntzki  was  rctog- 
ni>>ed  as  the  most  reliable  for  eliminating  arsenic  hydride ;  by  this  method  the  gas  is 
passed  into  a  cylinder  of  one-third  of  the  volume  of  the  generator,  containing  a  mixture 
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of  two  parts  of  dry  calcium  hypochlorite  with  one  part  of  moist  sand  or  other  finely  divided 
material. 

*  Hydrogen  may  be  considered  to  be  well  purified  when  it  gives  no  precipitate  or 
coloration  on  passing  through  a  solution  of  silver  nitrate.  When  dry  hydrogen  is  required 
it  must  be  finally  passed  over  quicklime,  concentrated  sulphuric  acid  or  granulated 
fused  calcium  chloride. 

INDUSTRIAL  PREPARATION  OF  HYDROGEN.  Of  the  many 
various  processes  ^  which  have  been  proposed  for  the  preparation  of  hydrogen 
on  the  large  scale,  we  will  only  record  those  which  have  been  successfully 
applied. 

In  some  chemical  industries,  and  for  filling  balloons  in  stationary  military 
camps,  hydrogen  is  prepared  by  the  action  of  dilute  sulphuric  acid  on  iron 
turnings.  For  this  purpose  strongly  bound  and  perfectly  gas-tight  vats  are 
used :  Fe  +  H2SO4  =  FeS04  +  Hj. 

The  inconvenience  of  this  process  arises  from  the  fact  that  the  iron  finally  becomes 
covered  with  ferrous  sulphate  which  protects  it  from  the  further  action  of  the  acid.  Among 
the  many  ingenious  mechanical  devices  for  eliminating  this  difficulty  the  column  devised 
by  Renard  has  met  with  success  ;  this  removes  the  ferrous  sulphate  gradually  as  it  is 
formed  by  means  of  a  continuous  circulation  ;  sulphuric  add  of  12°  B6.  enters  at  the 
base  of  a  lead  cylinder  containing  iron  turnings,  and  the  ferrous  sulphate  solution,  which 
no  longer  contains  sulphuric  acid,  is  continuously  raised  to  the  top  ;  the  gas  is  washed  with 
water,  then  passes  over  Laming's  mixture  (see  Coal-gas,  vol.  ii.,  "  Organic  Chemistry  ") 
to  remove  sulphur  compounds,  and  is  freed  from  other  acids  by  passing  over  granulated 
Bodium  hydroxide.  For  the  preparation  of  600  cu.  metres  of  hydrogen,  1800  kilos  of 
iron,  3000  kilos  of  sulphuric  acid  of  66°  B6.,  and  100  cu.  metres  of  water  are  required.  If 
zinc  is  used  instead  of  iron  2100  kilos  of  this  will  be  required,  with  3600  kilos  of  sulphuric 
acid.  The  sulphuric  acid  should  not  contain  more  than  10  centigrms.  of  arsenic  and  1  grm. 
of  antimony  per  litre,  and  to  avoid  arsenic  in  the  metal  steel  turnings  are  used. 

In  the  Russo-Japanese  War  (1904-1905)  the  Russians  found  it  convenient,  in  order  to 
avoid  the  transport  to  and  fro  of  heavy  steel  cylinders  of  compressed  hydrogen  for  their 
balloons  on  the  field  of  battle,  to  produce  hydrogen  as  required  on  the  spot  (in  Manchuria) 
by  the  action  of  30  per  cent,  caustic  soda  solution  on  aluminium  scrap.  The  former  was 
contained  in  cylinders  of  sheet  iron  2  metres  long  and  0*5  metres  wide,  in  which  a  metallic 
box  containing  the  aluminium  in  the  form  of  sheets  of  1  -5  to  2  mm.  thickness,  was  immersed : 
Al  +  3NaOH  =»  Al(0Na)3  +  3H.     As  the  gas  so  obtained  was  very  warm  it  was  cooled 

*  The  preparation  of  hydrogen  on  a  large  scale  was  already  tried  without  success  by  Fontana  in  1782,  by  the 
action  of  steam  on  red-hot  iron  :  3  Fe  +  4H|0  =  Fes04  +  4Ha.  This  process  was  talcen  up  again  by  Giffard  in 
1878,  bnt  was  very  soon  abandoned.  Oettel,  according  to  his  Eng.  Pat.  16,759  of  1885,  prepared  hydrogen  by 
pasiog  steam  over  iron  scrap  and  filings  enclosed  in  heated  iron  tubes  which  had  been  evacuated.  In  1887 
Beloa  (Qer.  Pat.  43,989),  in  Paris,  prepared  pure  hydrogen  by  passing  steam  over  red-hot  iron  tubes  or  bars  enclosed 
ID  a  retort.  The  oxide  of  iron  which  was  formed  was  afterwards  reduced  to  metallic  iron  by  sprinkling  it 
with  powdered  coal  and  re-heating.  A  mixture  of  CO  and  €0,  was  thus  formed  which  was  used  for  heating  the 
Karae  retort. 

Howard-Lane,  and  also  Elworthy  and  H.  Williamson  (1902),  attempted  to  make  this  process  industrial  by 
patenting  a  special  form  of  furnace  in  which  the  iron  was  disposed  in  thin  layers  in  channels  of  refractory  material, 
N)  that  the  surface  of  the  iron  was  traversed  by  the  steam  (Oer.  Pat.  164,721).  In  a  French  patent  of  1909  (No. 
403,200)  the  use  of  iron  obtained  by  the  reduction  of  the  oxide  (burnt  pyrites)  is  proposed  ;  this  material,  being 
ftnely  divided,  gives  a  much  better  yield.  The  resulting  iron  oxide  is  reduced  each  time  to  metallic  iron  by  means 
of  water-gas  (H  and  CO)  of  which  the  carbon  monoxide  is  absorbed  at  180°  by  a  mixture  of  lime  and  potassium 
hydroxide  (EOH  +  CO  =»  HCOiK),  and  the  resulting  potassium  formate  yields  hydrogen  on  heating  to  300° 
(HCOtK  4-  KOH  =  KiCOg  +  H,).  This  process  is  used  for  military  balloons  at  Berlin,  and  the  working  costs  arc 
l«i«  than  1'8<I.  per  litre  of  hydrogen  ;  the  cost  of  prime  materials  does  not  raise  the  total  cost  much. 

W.  Hajert  and  G.  Richter,  in  1888,  prepared  hydrogen  by  a  process  based  on  the  principle  of  that  of  Tissid, 
du  MoUy.and  Martchal  from  lime  and  coal :  C  +  2Ca(0H)a  •=  2(^0  +  CO,  +  2Ha ;  in  order  to  accelerate  the 
reaction  they  improved  it  by  employing  a  mixture  of  sine  powder  mixed  with  calcium  or  magnesium  hydroxide 
or  similar  substances :  Zn  +  Ca(OH)i  =  ZnO  +  CaO  +  Hf  In  this  way  no  carbon  dioxide  was  formed  but  only 
iiydrogen.  The  lime  and  zinc  were  enclosed  In  smaU  boxes  which  on  heating  quickly  evolved  hydrogen  and  were 
OMd  for  military  purposes  and  for  rapidly  filling  balloons  In  time  of  war.  This  process,  which  attracted  much 
interrat,  cannot  be  thought  of  in  practice  when  one  thinks  of  its  enormous  cast ;  1  cu.  metre  of  hydrogen  intro- 
duced into  the  balloon  costs  ii.  2d.  In  1888  Jacoby  proposed  the  replacement  of  the  zinc  by  iron,  in  which  way 
ODc-third  more  hydrogen  is  obtained  of  purer  quality,  and  free  from  arsenic,  at  leas  cost. 

It  has  been  recently  shown  (Fr.  Pat.  No.  406,930  of  1909)  that  a  good  yield  of  hydrogen  is  obtained  by 
beating  a  dilate  (8  per  cent.)  solution  9f  sodium  hydroxide  with  14  per  cent,  of  calcium  hydroxide  and  7  per  cent, 
of  elementary  silicon ;  a  solution  of  so'dium  silicate  (NaiSiO,),  which  is  a  by-product  of  a  certain  value,  remains. 
It  appears  that  the  Zeppelin  balloons  in  Germany  are  filled  with  hydr<%en  obtained  by  the  explosive  decomposition 
of  compressed  acetylene,  with  formation  of  carbon  (carbon  black)  and  hydrogen. 
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and  washed  by  passing  through  cylinders  of  water.  The  process  is,  therefore,  only  of 
service  where  there  is  an  abundant  supply  of  water.  With  twenty-four  generators  and  six 
coolers  a  balloon  of  400  cu.  metres  capacity  can  be  filled  in  half  an  hour.  The  generators 
and  washers  can  be  carried  on  the  backs  of  fifteen  horses,  and  a  further  thirty  to  thirty- 
five  horses  are  required  to  transport  the  balloon  and  accessories,  including  the  chemicals 
(NaOH  and  Al).  In  the  Boer  War  the  British  employed  hydrogen  compressed  to 
200  atmospheres  in  steel  cylinders,  and  required  fifty  horses  for  the  transport  of  all 
materials  for  a  balloon  of  400  cu.  metres,  apart  from  the  disadvantages  already  referred 
to  above,  of  the  transport  of  the  cylinders  to  and  from  England. 

Recently  A.  Frank  has  proposed  (1907)  the  preparation  of  hydrogen  from  water-gas, 
which  contains  as  much  as  50  per  cent,  [see  chapter  on  Carbon  Monoxide),  by  passing  it 
over  red-hot  calcium  carbide,  which  absorbs  all  the  other  gases,  or  by  first  removing 
carbon  dioxide  with  lime,  liquefying  the  carbon  monoxide  in  a  Linde  freezing  machine 
{see  Liquid  Air)  and  finally  removing  nitrogen  and  oxygen  with  red-hot  calcium  carbide 
{see  Calcium  Cyanamide) ;  the  carbon  monoxide  can  be  utilised  in  a  gas  motor.  G.  Claude 
liquefies  all  the  other  constituents  of  coal-gas,  which  contains  up  to  50  per  cent,  of  hydrogen, 
in  a  Linde  machine  at  —  193°,  leaving  hydrogen  only  ;  others  prefer  to  pass  coal-gas 
over  incandescent  coke  which  decomposes  the  hydrocarbons,  leaving  hydrogen  mixed  with 
a  little  carbon  monoxide  only. 

INDUSTRIAL  ELECTROLYTIC  METHODS.  For  the  production  of 
large  quantities  of  hydrogen  electrolytic  methods  have  to-day  proved  them- 
selves better  than  purely  chemical  processes,  as  they  are  cheaper.  The 
Englishmen,  Carlisle  and  Nicholson,  in  1800,  were  the  first  to  decompose 
water  electroljrtically,  using  a  Volta  pile.  The  method  has  only  acquired 
practical  importance  during  the  last  few  years. 

In  electrolysis  two  gases  are  separately  formed  :  oxygen  at  the  positive 
and  hydrogen  at  the  negative  pole  ;  but  if  the  electrodes  are  in  close  proximitj^ 
the  gases  are  able  to  mix  tp  some  extent,  and  it  is  necessary  to  separate  the 
two  electrodes  by  means  of  a  diaphragm.  This  latter,  however,  causes  various 
difficulties  (such  as  high  resistance,  short  hfe,  HabiUty  to  obstruction,  &c.) 
and  the  choice  of  suitable  material  is  not  easy.  Porous  porcelain,  asbestos 
fabrics,  parchment  paper,  glass,  india-rubber,  &c.,  have  all  been  tried,  but 
after  many  attempts  the  practical  solution  was  found  by  the  brothers  Garuti, 
who  employed  metallic  diaphragms.  The  objection  was  at  first  raised  that 
if  the  metaUic  diaphragm  became  polarised  and  took  part  in  the  electrolysis, 
then  the  face  opposite  the  anode  (which  develops  oxygen)  would  evolve 
hydrogen,  whilst  the  other  face  would  develop  oxygen,  and  the  mixtures 
of  the  two  gases  thus  formed  would  constitute  a  serious  danger  through  the 
formation  of  detonating  gas.  This  difficulty  is  practically  avoided  by 
consideration  of  the  following  facts  :  the  electromotive  force  (E.M.F.)  necessary 
to  decompose  water  is  about  1*5  volts,  and  when  the  diaphragm  is  polarised 
the  whole  system  represents  two  cells  in  series ;  therefore  if  the  two  walls 
of  the  diaphragm  are  to  play  any  part  in  the  electrolysis  the  double  electro- 
motive force  of  3  volts  is  required  (i.e.  IJ  volts  for  each  side).  If,  therefore, 
the  terminals  of  the  cell  are  maintained  at  an  E.M.F.  of  less  than  3  volts 
electrolysis  can  only  take  place  at  the  electrodes  and  the  diaphragm  remains 
neutral. 

This  difficulty  having  been  quite  overcome  by  the  Garuti  system,  it  was 
tried  for  the  first  time  in  1890  in  the  Brera  Palace,  in  Milan,  and  was  then 
at  once  appUed  on  a  vast  scale  in  the  gun  factory  at  Temi,  in  the  Milanese 
steel  foundry,  in  the  military  aeronautical  camp  at  Rome,  and  later  in  other 
Italian  and  foreign  establishments  (especially  by  Garuti  and  Pompili  at 
Tivoli). 

The  Garuti  batteries  were  at  first  made  entirely  of  lead,  and  the  electrolyte  consisted 
of  water  acidified  with  sxilphuric  acid.  They  consist  of  a  rectangular  iron  box,  N  (Pig. 
42),  divided  by  iron  sheets  about  1  mm.  thick,  the  diaphragms,  coated  on   both  faces 
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wilh  •  meUUic  net,  to  fttdlltftto  the  soparfttion  of  tho  sniili  bubbles  of  gas  produced  by 
the  current  from  the  ions.  We  have  thus  several  cells,  closed  at  tho  top  and  at  the  aides 
(ffe  Figure  beiou),  communicating,  on  the  other  hand,  below  through  small  holes  in  the 
diaphragms,  which  pemut  circulation  of  tho  electrolyte.  In  these  cells  positive  and  negative 
elM^trodes  are  introduced  alternately,  consisting  of  iron  plates  about  I  mm.  thick  {the  anoden 
last  two  to  three  years,  the  cathodes  much  longer]  of  rectangular  shape  with  a  small  exten' 
sion  alternately  in  the  one  direction  or  the  other  (B  and  C)  in  such  a  manner  as  to  enable 
all  tho  poflitive  poles  on  one  side  of  the  box  (voltameter)  and  all  tho  negative  poles  at  the 
other  side  to  be  connected. 

The  walla  of  each  cell  are  about  20  mm.  apart,  and  between  each  diaphragm  (wall) 
and  the  interposed  electrode  the  distance  is  about  10  mm.,  so  that  the  resiatanoe  is  suffi- 
ciently small  ;  in  order  to  prevent  the  thin  electrodes  from  bending  and  coming  into 
contact  with  the  diaphragms  they  are  wrapped  round  at  intervals  with  an  asbestos  cord.  I. 
which  keeps  them  in  position. 


Flo.  42.  Fio. «. 

The  cells  containing  the  cathodes  (6)  develop  hydrogen,  which,  passes  off  through 
an  opening  at  the  top  ;  the  neighbouring  cells,  containing  the  anode,  a,  develop  oxygen, 
which  also  passesoffataholein  the  top.  A  pyramidal  chamber,  placed  above  the  battery, 
coUectaall  the  osj'gen,  and  another  similar  chamber  all  the  hydrogen.  By  means  of  two 
luties  made  of  insulating  material,  such  as  glaKS,  porcelain,  or  rubber,  these  two  chambers 
coouDiinicatc  with  gasometers.     Each  of  these  chambers  contains  a  fair  quantity  of  mother 

The  electrolyte  consists  of  a  26  per  cent,  aqueous  solution  of  sodium  hydroxide, 
which  remains  practically  unaltered  indefinitely  if  tho  water  is  replaced  gradually  as  the 
flectrolyais  proceeds. 

The  caustic  soda  must  be  very  pure,  as  otherwise  tho  electrodes  are  corroded  because 
ot  the  pireecnce  of  chlorides  and  sulphates,  which  form  CI  and  SOi  ions  and  attack  the 
nietal.  These  iron  batteries  are  welded  autogenously  throughout  with  the  oxy-hydrogen 
blowpipe  ;  they  are  stronger  than  the  original  batteries  made  of  lead,  and  certain  solders 
are  avoided  which  at  one  time  acted  as  voltaic  couples  and  produced  detonating  gas. 
The  lead  batteries  also  pdarise  more  easily.  The  caustic  soda  solution  has  now  been 
replaced  by  a  solution  of  caustic  potash  of  31°  B^.,  becau-ic  this  offers  less  resistance  to 
the  current  and  thus  saves  electrical  energy. 

In  an  apparatus  thus  constructed  an  E.M.F.  of  2  volts  i.i  sufficient  foe  a  current  of 
2  amps,  per  sq.  decimetre  of  electrode  at  a  temperature  of  30°.' 
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In  lOOlTSchoop  introduced  a  cheap  and  carefully  considered  apparatus  for  the  electro- 
lytic production  of  hydrogen  on  a  large  scale.  The  electrodes  are  of  lead,  in  the  form  of 
tubes,  and  there  are  no  diaphragms.  The  baths  consist  of  water  acidified  with  sulphuric 
acid.  The  apparatus  is  also  constructed  in  iron  with  15  per  cent,  caustic  soda  as  an  elec- 
trolyte. The  Schoop  electrodes  are  very  simple  (Fig.  44).  There  are  two  long  concentric 
lead  cylinders  of  which  the  outer  serves  as  a  collecting  tube,  and  more  or  less  as  a  diaphragm, 
whilst  the  inner  tube  is  the  true  electrode,  and  is  supported  by  means  of  an  insulating 
disc,  M,  in  the  wider  neck  of  the  outer  tube,  which  forms  a  hydraulic  seal  with  water. 

The  inner  tube  is  perforated  at  the  base  and  near  the  top  (L  L),  so  that 
the  gas  which  is  formed  may  enter  the  inside  of  this  tube  and  thus  be 
conducted  to  the  gasometer. 

The  cylindrical  electrodes  are  introduced  in  large  number  into  a 
tall  vessel  containing  the  electrolyte,  which  is  pure  sulphuric  acid  of 
sp.  gr.  1*23.  All  the  negative  electrodes,  forming  hydrogen,  are  con- 
nected with  a  single  collecting  tube,  and  all  the  oxygen  anodes  with 
another.  A  plant  on  Schoop's  system  is  worked  at  the  accumulator  fac- 
tory of  G.  Hagen,  at  Kalk  near  Cologne,  with  a  current  of  200  amps,  and 
at  65  volts.  Schoop  calculates  that  the  gas  produced  costs  about  3*7c^. 
per  cubic  metre. 

A  method  not  very  different  from  that  of  Garuti,  but  with  non-porous 
diaphragms  of  ebonite,  has  been  proposed  and  applied  at  Hanau  since 
1897  by  the  electrical  firm  of  Schuckert  &  Ck>.,  and  appears  to  meet 
with  success.^ 

At  the  Elektron  Works  at  Griesheim-on-Rhine  hydrogen  is  prepared 
by  the  electrolysis  of  potassium  chloride :  2KC1  «  Kj  +  Clj  and  then 
K^  +  2H2O  =  2K0H  +  Hj.  By  this  reaction  three  important  products, 
chlorine,  hydrogen,  and  caustic  potash,  are  obtained.  The  Society  del 
Caffaro  at  Brescia  now  makes  use  of  the  hydrogen  evolved  at  the  cathode 
in  the  electrolytic  manufacture  of  caustic  soda,  a  practice  also  followed 
by  many  works  in  other  countries. 

For  some  years  the  Maschinenfabrik  Oerlikon  (Switzerland)  has  con- 
structed an  electrolytic  apparatus  devised  by  Schmidt  (1902)  for  the 
manufacture  of  hydrogen  and  oxygen  ;  in  principle  it  is  analogous  to  the 
apparatus  of  Garuti,  but  occupies  less  space,  being  composed  of  many  electrolytic  cells 
combined  and  connected  together  as  in  a  filter-press.  Ingenious  arrangements  are 
attached  for  the  almost  automatic  control  of  the  purity  of  the  gas.  By  this  process  twelve 
kilowatt-hours  are  required  for  the  production  of  1  cu.  metre  of  oxygen  and  2  cu.  metres 
of  hydrogen. 

ANALYSIS   OF    HYDROGEN.      The  qualitative  detection  of  impurities  is  carried 

with  Iron  electrodes,  a  bath  of  caustic  soda,  and  diaphraffins  of  asbestos.  It  was,  however,  less  perfect  than  the 
Garuti  battery  and  required  double  the  amount  of  energy  per  volume  of  gas  produced.  The  Soci^t^  ossldrique 
francaise  was  first  formed  in  Belgium  and  in  1001  in  France,  with  a  capital  of  £40,000,  for  the  production  of 
oxygen  and  hydrogen  by  the  Garuti  system. 

^  For  a  small  installation  and  daily  production  of  100  cu.  metres  of  oxygen  and  200  cu.  metres  of  hydrogen 
the  cost  of  plant  and  working  expenses  would  be  as  follows :  _ 

40  voltameters  for  600  amps 500 

Pipe  system,  alkaline  bath,  installation,  <&'c 200 

Boofed  building  of  70  sq.  metres  area 200 

Total  cost  of  plant  .         .  .         •  .      . 

The  daily  costs  of  working — using  a  waterfall  which  supplioH  a  kilowatt-year  at  a  cost  of  £7  lOt.  (nalng  steam 
power  the  kilowatt-year  would  cost  about  £20) — arc  as  follow  : 

Daily  cost  per  60  kilowatts        ........ 

Consumption  of  electrodes  and  electrolyte  ..... 

Various  repairs  to  machinery  and  buildings  ..... 

Wages  of  two  workmen     ......... 

15  per  cent,  amortisation  on  COOO 

Sundry  expenses 


FlQ.  44 


.  £900 

of  £7  lOf. 

£     9. 

d. 

1  12 

9 

S 

7 

4 

3 

8 

0 

9 

7 

2 

10 

Total  daily  expenses £3     10 

Thus  each  cubic  metre  of  gas  (H  and  O)  costs  2'5<f.  If  this  gas  is  to  be  sold,  2'5il.  must  be  added  for  the  cost 
of  compression  in  steel  cylinders. 

It  will  be  clear  that  where  energy  is  much  cheaper  tluin  is  assumed  above,  the  cost  of  producing  the  gas  will 
also  be  much  less. 

(Translators  note. — In  England  a  kilowatt^year,  produced  by  steam,  costs  much  less  than  £20.) 
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out  by  the  ordinary  methods  ;  arsenic  hydride  is  detected  with  the  Marsh  apparatus 
(which  also  permits  of  its  quantitative  determination  ;  see  Arsenic  Hydride),  and  hydrogen 
sulphide  is  detected  by  immersing  paper  impregnated  with  lead  acetate  for  some  time 
in  the  hydrogen  to  be  analysed.  The  quantitative  analysis  also  follows  the  ordinary 
methods  of  gas  analysis  in  an  Orsat  apparatus  (see  Carbon  and  Analysis  of  Furnace 
Gas) ;  by  determination  of  the  successively  absorbed  volumes  the  percentages  of  COj, 
O,  and  CO  are  found  ;  that  which  renjains  is  hydrogen,  which  may  contain  admixed  nitrogen. 
This  is  passed  through  a  hot  capillary  tube  containing  a  thread  of  palladinised  asbestos 
which  absorbs  all  the  hydrogen  leaving  the  nitrogen.  Temperature  and  pressure  must  be 
allowed  for  in  measuring  the  gases  (see  p.  26). 


(A)  NON-METALS  ;    HALOGEN  GROUP 

This  is  the  first  group  of  non-metals  and  consists  of  four  monovalent 
elements,  fluorine,  chlorine,  brdmine,  and  iodine  : 

F  =  19 ;  a  =  36-46 ;  Br  =  79-92 ;  I  =  12692. 

They  are  called  halogms,  from  a  Greek  word  meaning  salt-formers,  and, 
in  fact,  they  combine  easily  and  directly  with  almost  all  metals  and  with 
bases  to  form  salts. 

In  their  physical  properties  they  show  graduated  differences  with  increasing 
atomic  weight,  with  which  the  density  also  increases,  and  they  pass  from 
the  gaseous  to  the  solid  state  : 


F 

a 

Br 

I 

Atomic  weight    .... 
Melting-point     .... 
Boiling-point      .... 
Specific  gravity  in  the  liquid  state 

Colour        ....-{ 

19 

-262'' 
-187° 
1108 
pale 
yellowish 

3646 
-101-7° 
-33-7° 
1-47 
yellowish 
green 

79-92 
-7-2° 
+  60° 

318 

brown 

126-92 
-1-  114° 

+  184° 

(as  solid)  4*9 

blackish 

violet 

The  affinity  of  these  elements  for  metals  and  hydrogen  is  large  in  the  case  of 
F  and  CI,  and  decreases  in  the  direction  of  iodine,  that  is,  with  increase  of 
atomic  weight.  Where  the  affinity  decreases  in  this  direction  it  is  possible 
in  many  compounds  to  substitute  or  displace  iodine  by  bromine,  bromine  by 
chorine,  and  chlorine  by  fluorine.  In  the  combinations  with  oxygen  the 
affinities  increase  in  the  reverse  direction,  that  is,  the  oxygen  compounds 
of  iodine  are  more  stable  than  those  of  chlorine,  and  fluorine  does  not  combine 
with  oxygen  at  all. 

Minimal  traces  of  the  halogens  facilitate  and  often  cause  chemical  reactions 
which  do  not  take  place  under  ordinary  conditions  (Schnyten,  1907-1909). 

FLUORINE  :    F,  19 

This  element  has  only  been  known  in  the  free  state  since  1886.  Before  that  time 
it  was  only  known  in  the  combined  state  and  therefore  its  properties  were  only  indirectly 
utilised  by  means  of  its  more  important  compounds  (fluorspar  or  fluorite,  CaFj,  cryolite, 
AlF.3NaF,  &c.).  The  addition  of  fluorspar  to  minerals  to  facilitate  their  fusion  was 
alrcsady  known  to  Basil  Valentine  in  the  fifteenth  and  to  Agricola  in  the  sixteenth  century 
as  being  practised  in  those  times.  The  luminosity  of  fluorspar  when  heated  is  recorded 
in  various  writings  in  1667.  Moissan  stated  that  he  had  recognised  free  fluorine  in  the 
gaseous  occlusions  in  a  fluorspar  from  Quinci6. 

It  is  also  found  in  small  quantity  combined  as  calcium  fluoride  in  the 
bones  of  man  and  other  mammals,  and  in  the  enamel  of  the  teeth ;  therefore 
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fluorine  must  pass  into  the  blood  in  some  form,  and  is  provided  by  certain 
human  foods  (milk  and  vegetables). 

PROPERTIES.  It  is  a  slightly  greenish  yeUow  gas,  with  an  odour  similar 
to  that  of  hypochlorous  acid.  It  has  no  absorption  spectrum  and  is  com- 
pletely non-magnetic.  The  red  part  of  its  luminous  spectrum  (emisfiion 
spectrum)  is  composed  of  thirteen  characteristic  lines. 

Fluorine  is  ordinarily  considered  to  be  •  monovalent,  but  Blomstrand. 
(1869)  on  account  of  the  existence  of  acid  fluorides,  and  Thomsen  for  the 
same  reason,  and  from  the  heat  developed  on  saturating  silicic  acid  with 
hydrofluoric  acid,  consider  fluorine  to  be  divalent  and  hydrofluoric  acid  to 
have  the  constitution  H  —  F  —  F  —  H.  Further  work  is  required  to  clear  up 
this  question,  but  we  now  know  fluorides  of  silver  and  of  calcium,  Ag^ 
and  CaF. 

Fluorine  combines  even  in  the  dark  with  H,  I,  S,  Si,  Se,  B,  As,  Sb,  Fe, 
Mn,  with  all  organic  compounds,  Ac.  The  metals  are  strongly  attacked  with 
the  exception  of  gold  and  platinum.  It  attacks  water,  forming  HF  and 
ozonised  oxygen  (O3).  It  replaces  CI,  Br,  and  I  from  their  metaUic  com- 
pounds. It  only  combines  with  carbon  at  a  red  heat ;  it  does  not  combine 
with  diamond  even  at  a  red  heat.  Sugar  is  immediately  carbonised.  This 
great  reactivity  is  the  cause  of  the  great  difficulty  encountered  in  hberating 
the  free  element,  and  it  gives  ground  for  hope  that  important  applications 
await  this  interesting  element  in  the  future. 

In  1897  Moissan  and  J.  Dewar  succeeded  in  liquefying  fluorine  at  —187"* 
(with  boiling  liquid  oxygen),  but  at  —210°  it  was  not  yet  soHd.  At  this 
temperature  it  almost  completely  loses  its  extraordinary  chemical  affinity 
for  man}^  substances,  and  no  longer  reacts  with  water,  mercury,  &c.,  but  still 
reacts  with  hydrogen,  and  ignites  benzene  and  turpentine.  When  perfectly 
dry  it  does  not  attack  well-dried  poHshed  glass.  The  liquid  is  of  yellow  colour 
and  has  a  specific  gravity  of  1*108  at  —187°,  that  is,  at  the  boiliug-point 
(Ramsay,  1900).  In  1903  it  was  solidified  by  Moissan  and  J.  Dewar  by  means 
of  liquid  hydrogen  at  —252°,  and  then  formed  a  white  mass,  exploding 
violently  in  contact  with  liquid  hydrogen  ;  it  boils  at  —223°. 

PREPARATION.  It  was  already  kno\^ii  in  1670  that  when  fluorspar  was  mixed 
with  oil  of  vitriol  (H2SO4)  it  attacked  glass,  and  in  1781  Scheele  obtained  free  hydrofluoric 
acid  by  preparing  it  in  vessels  of  lead  or  fluorite,  as  he  knew  that  it  attacked  glass  and 
almost  all  metallic  vessels.  Iii  1810  Ampdre  showed  jthat  this  acid  was  a  hydrogen 
compound. 

The  attempts  to  obtain  free  fluorine  were  very  numerous  and  were  prosecuted  by 
many  able  chemists  of  the  century  which  has  just  passed.  The  more  difficulties  were 
encountered  the  greater  grew  the  determination  to  solve  the  problem.  From  Davy 
(1818)  to  the  brothers  Knox  (1841),  Louyet  (1847),  Kammerer  (1866),  Finkener  (1867). 
Fremy,  &c.,  there  was  a  continuous  series  of  abortive  experiments.  When  they  thought 
they  had  obtained  fluorine  the  gas  was  quickly  shown  to  be  either  hydrofluoric  acid  or 
oxygen  instead.  The  action  was  tried,  without  success,  of  chlorine  and  iodine  on  the 
fluorides  of  silver  and  of  mercury,  at  high  temperatures  (Davy)  in  tubes  of  glass  and  of 
platinum  and  in  vessels  made  of  fluorspar.  The  same  negative  result  was  obtained  by 
the  electrolysis  of  dry  hydrofluoric  acid  with  a  positive  electrode  of  carbon. 

All.this  proved  useless  ;  and  even  if  free  fluorine  could  be  traced  from  various  reactions 
a  minimal  trace  of  moisture  sufficed  to  cause  it  to  enter  into  combination,  even  with  the 
substances  composing  the  vessels  in  which  it  was  prepared. 

Moissan  only  succeeded  in  1886  in  finally  obtaining  free  fluorine  with 
certainty,  by  employing  many  precautions  to  prevent  it  from  combining 
wath  other  substances.  He  started  from  absolutely  anhydrous  hydrofluoric 
acid,  obtained  by  heating  potassium  hydrogen  fluoride,  HF .  KF,  and  collecting 
this  in  a  platinum  U-tube  connected  with  a  delivery  tube  of  platinum  and 
closed  by  cocks  of  fluorspar. 


FLUORINE 


189 


The  negative  electrode,  at  which  liberation  of  the  hydrogen  was  expected,  was  made 
of  platinum,  and  the  positive  electrode,  where  the  fluorine  was  to  be  liberated,  was  made 
of  an  aDoy  of  90  per  cent,  platinum  and  10  per  cent,  iridium.  The  apparatus  was  cooled 
to  -23°  and  connected  with  a  battery  of  twenty  Bunsen  cells,  producing  a  current  of 
20  amps.,  wliich  did  not  pass  through  the  hydrofluoric  acid  in  the  apparatus.  The 
addition  of  a  minimal  trace  of  moisture,  however,  quickly  allowed  the  current  to  pass, 
but  free  fluorine  was  not  then  obtained.  Thus  this  attempt  to  prepare  fluorine  electro- 
1  ytically  failed,  equally  with  those  of  other  chemists.  Moissan  finally  succeeded  in  rendering 
dry  hydrofluoric  acid  electrically  conductive  by  the  addition  of  a  small  quantity  of  dry 
potassium  hydrogen  fluoride.  At  the  positive  pole  a  gas  was  then  obtained  which  proved 
to  be  real  fluorine. 

Moissan  then  also  prepared  it  by  direct  electrolysis  of  fused  dry  potassium 
hydrogen  fluoride,  replacing  the  platinum  by  copper  vessels. 

In  1900  Poulenc  and  Meslan  prepared  considerable  quantities  of  fluorine 

electrolytically  in  a  copper  apparatus,  which  very 
soon  became  covered  with  copper  fluoride  and  then 
became  unattackable  ;  the  anodes  and  cathodes  were 
of  copper  and  were  insulated  with  india-rubber.  The 
whole  apparatus  was  cooled  during  the  electrolytic 
decomposition. 

A  small  apparatus  for  laboratory  use  is  shown  in  Fig.  45. 
A  small  copper  box,  B,  supported  by  the  lid,  Jf ,  carries  on 
its  inner  walls  sheets  of  copper,  O,  which  serve  as  cathodes. 
The  copper  tube.  A,  which  is  perforated  near  the  base,  d, 
forms  the  chamber  which  contains  the  platinum  anode,  p, 
which  is  cooled  by  the  liquid  which  circulates  in  the  tube  T. 
Fluorine  escapes  by  the  tube  J?,  and  hydrogen  by  the  tube 
H.     In  the  box,  S,  a  freezing  mixture  is  contained. 

The  electroljrte  consists  of  a  very  cold  solution  of  potas- 
sium fluoride  in  anhydrous  hydrofluoric  acid.  G.  Gallo  (1910) 
did  not  obtain  good  results  with  the  apparatus  of  Poulenc 
and  Meslan  and  replaced  it  with  advantage  by  a  smaller 
and  simpler  apparatus  of  platinum  ;  this  consisted  of  an 
ordinary  platinum  crucible  which  was  attached  to  a  metallic  ring  serving  to  connect 
it  with  the  negative  pole  of  the  electric  battery.  The  crucible  was  closed  with  a  gas- 
tight  lid  of  sulphur,  which  is  a  very  excellent  material  for  such  work  on  account 
of  its  easy  fusibility,  and  adheres  solidly  to  many  metals.  Through  the  centre  of  the 
sulphur  plug  was  fixed  a  small  cylinder  of  platinum  which  ended  inside  the  crucible 
bat  without  touching  it,  and  which  acted  as  a  diaphragm.  The  small  cylinder  is  easily 
made  by  rolling  a  sheet  of  platinum  foil  on  to  itself  and  pressing  in  the  ends  on  to  a  rod. 
It  is  closed  below  by  a  platinum  disc  and  is  pierced  with  lateral  holes  at  the  base.  Inside  it 
IS  fixed  a  fairly  thick  platinum  wire  which  serves  as  the  positive  pole  and  which  terminates 
ouUflde  the  sulphur  plug.  The  fluorine  which  is  evolved  inside  the  crucible  does  not  come 
in  contact  with  the  sulphur,  as  this  is  first  protected  by  a  disc  of  potassium  fluoride. 

The  inside  of  the  crucible  communicates  with  the  outside  by  means  of  two  spiral  copper 
^ubes  passing  through  the  sulphiur  plug,  of  which  one  enters  the  anodic  and  the  other  the 
cathodic  space.  These  serve  as  delivery  tubes  for  the  fluorine  and  hydrogen  respectively. 
The  two  spirals  are  continued  through  a  copper  sleeve  which  is  filled  with  a  freezing  mixture. 
The  anhydrous  hydrofluoric  acid  and  potassium  hydrogen  fluoride  are  introduced  through 
^  hole  in  the  sulphur  lid,  which  is  then  closed  with  a  plug  of  sulphur  which  may  be  fixe4 
by  fusion. 

louring  electrolysis  the  crucible  is  immersed  in  methyl  chloride  which  boils  at  —  23°, 
*nd  under  these  circumstances  free  fluorine  is  obtained  bj"  emplojing  a  current  of  2  to  3 
amps,  at  50  volts. 


Fio.45. 
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CHLORINE  :   CI,  35.46 

Chlorine  is  a  gas  which  was  discovered  by  Scheele  in  1774,  but  is  never 
found  free  in  nature  on  account  of  its  great  chemical  activity.  But  it  is  very 
abundantly  found  in  the  form  of  chlorides  such  as  rock  salt  and  sea  salt 
(NaCl),  sylvite  (KCl),  camallite  (KCl.Mgpl^  +  6  aq.),  &c.  It  is  found  in  com- 
bination in  small  quantities  in  all  vegetables,  in  blood,  animal  secretions,  &c. 

PHYSICAL  PROPERTIES.  Chlorine  is  a  yellowish  green  gas  of  suffo- 
cating odour,  with  a  density  of  2*45  compared  to  that  of  air. 

One  litre  of  chlorine  weighs  3*167  grms. ;  it  is  liquefied  at  15°  under  a 
pressure  of  57  atmospheres  or  at  —  40°  at  atmospheric  pressure,  forming  a 
dark  yellow  liquid  (sp.  gr.  1'657),  which  boils  at  —  33' 6°  and  forms  a  yellow- 
cry  stalline  solid  at  —202°.  The  vapour  density  at  1200°  was  found  by 
V.  Meyer  to  be  less  than  that  corresponding  to  the  molecular  weight,  .and 
he  assumed  that  some  of  the  CI2  molecules  had  undergone  dissociation  ;  it 
seems,  however,  from  later  experiments  that  it  is  a  case  rather  of  exceptional 
behaviour  of  this  gas  with  respect  to  the  laws  of  Boyle  and  Gay-Lussac,  and 
that  its  density  increases  by  more  than  the  amount  calculated  from  these 
two  laws  when  the  pressure  is  increased  or  the  temperature  diminished  ; 
in  this  way  it  has  been  recently  shown  that  even  at  1137°  there  is  no  appreciable 
dissociation. 

Wood  charcoal  absorbs  as  much  as  200  vols,  of  chlorine  with  evolution  of 
6780  calories  for  ea>ch  35*5  grms.  of  chlorine  absorbed. 

At  90°  water  absorbs  extremely  little  chlorine  ;  at  20°  1  vol.  of  water 
absorbs  2  vols.,  and  at  10°  2^  vols.  ;  chlorine  water  is  thus  obtained,  the 
properties  of  which  are  almost  the  same  as  those  of  chlorine,  though  it 
seems  that  in  solution  a  state  of  equilibrium  is  produced  according  to  the 
following  equation  : 

Cla  +  HjjO      =      HCl  +  HCIO 

and  as  hydrochloric  acid  is  dissociated  there  will  be  in  the  solution  altogether 
a  mixture  of  water,  chlorine,  hydrochloric  and  hypochlorous  acids,  and  the 
corresponding  ions.  Under  the  action  of  light  all  the  chlorine  is  transformed 
into  HCl  (in  four  days  in  direct  and  in  thirty-six  days  in  diffused  light),  passing 
through  the  stages  of  hypochlorous  and  chloric  acids  :  CI2  +  HjO  =  2HC1  +  O 
(Ferentzy,  1908),  from  which  we  are  also  able  to  explain  the  oxidising  power 
of  chlorine  water.  At  temperatures  below  0°  chlorine  water  deposits  crystals 
of  chlorine  hydrate  (Cl.SHgO). 

CHEMICAL  PROPERTIES.  In  certain  compounds  chlorine  is  no  longer 
monovalent,  but  polyvalent,  e.g,  in  CIO2,  &c.  Chlorine  combines  directly  with 
all  the  elements  except  nitrogen,  oxygen,  and  the  new  gases  argon,  heUum,  &c. 
The  chlorine  ions,  CI',  of  soluble  chlorides  combine  readily  wdth  the  silver 
ions  of  sitver  nitrate,  forming  a  characteristic  gelatinous  white  precipitate  of 
silver  chloride,  soluble  in  ammonia. 

The  great  reactive  power  of  chlorine  may  be  shown  by  various  simple 
experiments.  A  piece  of  phosphorus  'immersed  in  a  flask  of  chlorine  first 
melts  and  then  catches  fire  spontaneously,  giving  out  a  bright  light  and  pro- 
ducing white  fumes  which  deposit  as  a  white  powder  of  phosphorus  pent-a- 
chloride,  PClg. 

Antimony  powder  when  thrown  into  a  jar  of  chlorine  immediately  catches 
fire,  and  thin  foil  composed  of  other  metals,  such  as  pinchbeck,  tin,  &c., 
behaves  in  chlorine  in  a  similar  manner.  But  these  materials  do  not  react 
with  liquid  chlorine  at  —90°. 

Hydrogen  and  chlorine  combine  with  detonation  when  a  flame  is  brought 
in  contact  with  the  mixture ;   but  bright  dayhght  is  also  able  to  bring  about 
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the  explosion,  especially  if  the  mixture  is  moist  and  freshly  prepared  electro- 
lytically  from  HCl.  The  combination  proceeds  more  slowly  in  diffused  light 
and  still  more  slowly  in  the  dark.  The  heat  of  combination  of  H  and  CI  is 
about  92  Kj.  (22,000  cab.)-  A  dry  mixture  of  H  and  CI  does  not  react  in  the 
dark,  even  in  fifteen  months ;  at  —26°  the  mixture  does  not  explode  even 
under  the  action  of  intense  light. 

Chlorine  combines  even  with  the  hydrogen  contained  in  other  compounds, 
for  example,  with  the  hydrogen  of  many  organic  compounds,  and  also  with 
the  hydrogen  in  water,  yielding  oxygen.  Thus,  a  piece  of  paper  soaked  in 
turpentine,  which  is  an  organic  compound  containing  carbon  and  hydrogen, 
bums  rapidly  with  formation  of  carbon  when  introduced  into  a  cylinder  of 
chlorine. 

Chlorine  has  a  decolorising  'action  on  many  coloured  organic  substances, 
both  natural  and  artificial;  it  easily  bleaches  solutions  of  soluble  indigo, 
log\('ood,  and  litmus,  fresh  flowers,  many  artificial  flowers,  &c.  Fabrics 
dyed  with  various  aniline  dyestuflfe  are  not  bleached  by  chlorine  w^hen  dry, 
but  are  rapidly  bleached  in  presence  of  moisture. 

Chlorine  does  not  burn  in  the  air,  but  it  burns  in  an  atmosphere  of  hydrogen, 
in  which  it  is  a  combustible  substance.  But  the  property  of  a  substance 
of  being  combustible  or  a  supporter  of  combustion  is  relative  to  the  conditions 
under  which  the  reaction  takes  place  ;  thus,  for  example,  chlorine  is  also  a 
supporter  of  combustion,  for  a  flame  of  hydrogen  or  coal-gas,  or  a  burning 
candle  continues  to  bum  in  a  cylinder  filled  with  chlorine,  the  hydrogen 
burning  with  a  pale  blue  flame  and  the  coal-gas  and  the  candle  with  a  sooty 
flame,  as  chlorine  removes  hydrogen  from  organic  compounds  with  separation 
of  carbon.  In  all  these  cases  hydrochloric  acid  is  formed  and  can  be  recog- 
nised by  its  action  on  litmus  paper. 

Chlorine  displaces  iodine  from  iodides  and  bromine  from  bromides  because 
the  heat  of  formation  of  chlorides  is  greater  than  that  of  the  corresponding 
bromides  and  iodides  (third  law  of  thermochemistry)  : 

KI  +  CI  =  KCl  +  I  +  26,500  cals. 

Chlorine  also  reacts  incompletely  with  steam  in  presence  of  heated  carbon 
to  form  hydrochloric  acid  :  2C1  -|-  2H2O  +  C  =  4HC1  +  COj  (Lorenz,  1896 
and  1897). 

In  spite  of  being  a  supporter  of  combufition  and  an  oxidising  agent  chlorine  is  irrespirable 
and  is  quite  unable  to  replace  oxygen  in  our  organism. 

When  inhaled,  even  in  small  quantity,  it  attacks  the  lungs,  causing  coughing  and 
spitting  of  blood.  It  does  not  act  as  a  poison  on  the  heart,  but  paralyses  the  respiratory 
centres.  Its  action  on  animals  is  already  perceptible  when  mixed  with  air  in  the  proportion 
of  I  C.C  per  cubic  metre.-  Air  containing  one-millionth  part  of  chlorine  is  already  harmful 
to  man.'  The  smoking  of  tobacco,  inhalation  of  steam,  or  the  vapours  of  alcohol  or  aniline, 
and  also  of  air  containing  a  little  hydrogen  sulphide  are  all  found  to*  be  of  benefit  in  counter- 
acting the  effects  of  chlorine  on  the  system. 

It  is  an  energetic  disinfectant  and  is  used  in  cases  of  epidemics  in  the  form  of  a 
solution  of  chloride  of  lime  for  purifying  floors,  walls  of  living-rooms,  stables,  cesspools,  &c. 

APPLICATIONS  OF  CHLORINE,  PRICES,  AND  STATISTICS.  In 
order  to  be  able  to  make  use  of  chlorine  it  is  necessary  to  obtain  it  in  a  con- 
venient form  for  handling,  either  as  compressed  or  liquefied  gas  in  cylinders, 
or  as  a  solid  in  the  form  of  chloride  of  lime.  The  preparation  of  the  latter 
is  described  in  Part  III  (Hypochlorites). 

Chlorine  is  used  industrially  for  bleaching  vegetable  textiles,  cotton, 
paper,  &c.,  and  for  preparing  wool  for  printing,  because  when  it  is  gently 
oxidised  the  dyestuffs  are  more  firmly  fixed.  It  is  also  used  for  the  prepara- 
tion of  hypochlorites,  of  chlorinated  organic  compounds,  such  as  chloroform, 
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chloral,  &e.,  and  also  for  the  preparation  of  carbon  tetrachloride,  which  has  now 
acquired  great  industrial  importance  (ace  also  Uses  of  Chloride  of  Lime). 

Liquid  chlorine  is  used  in  large  quantity  at  Stassfurt  for  the  preparation 
of  500;000  kilos  of  bromme  annually,  and  the  Badische  Aniiin  und  Soda 
Fabrik  at  Ludwigshafen  in  1900  used  more  than  a  miilion  kilos  for  the  pro- 
duction of  chloracetic  acid,  which  ia  used  in  the  synthetic  preparation  of 
artificial  indigo.  In  Italy  75,000  kilos  of  liquid  chlorine  were  produced  in 
1907  and  almost  200,000  kilos  in  1909,  sold  in  steel  bombs  holding  60  kilos 
at  £2  123.  per  100  kilos. 

The  problem  of  the  utilisation  of  chlorine  haa  become  very  ui^ent  because 
the  electrolytic  aoda-woiks  produce  it  in  quantities  very  much   larger  than 
the  demand,  and  whereas  in  the  past  hydrochloric  acid  has  been  used  as  a 
source  of  chlorine,  convenient  methods  of  conversion  of  chlorine  into  hydro- 
chloric acid  are  now  being 
sought    for     (ace    Hydro- 
chloric Acid). 

The    commercifil    price    of 

compresaed   chlorine    in    steel 

bombs,  holding  from  5  to  50 

kilos,  IB  la.  2d.  to  2s.  per  kilo  ; 

the  empty  bomb  coets  £1  8«. 

for  a    capacity   of   5  kilos   of 

chlorine,    and    £2    16s.    for   a 

capacity  of  50  kilos ;  but  the 

bomb    is    sent   out    and    lent 

on  hire  by  the  manuf  aotnrers. 

Liquid  chlorine  in  Iximbe  costs 

6t{.  per  kilo.   Saturated  chlorine 

ji<iQ,  40,  water  is  sold  at  12s.  per  100 

kilos,  including  carboys. 

LABORATORY   PREPARATION   OF   CHLORINE.     Chlorine  was  first  prepared 

by  Scheele  in  1774,  by  acting  on  manganese  dioxido  with  hydrocliloric  add,  but  nothing 

was  known  as  to  its  nature,  so  that  in  1775  Berthollet  declared  it  to  be  oxidised  hydro- 

ohloric  acid.     In  ISIO  Davy  first  demonstrated  that  chlorine  was  a.  simple  substsnee 

on  the  ground  of  its  beha\'iour  with  red-hot  carbon  (in  contact  with  which  it  remained 

unaltered)  and  also  by  showing  that  when  certain  metallic  oxides  are  heated  in  a  current 

of  chlorine,  oxygen  only  is  evolved  in  quantity  corresponding  to  the  amount  of  chlorine 

fixed  by  the  metal  and  without  formation  of  other  products  ;  thus  chlorine  was  shown 

to  contain  neither  oxygen  nor  hydrogen.     But  for  a  long  time,  until  1820,  Berzelius  and 

Sohdnbein  still  regarded  chlorine  as  an  oxidised  compound  of  hydrochloric  acid. 

It  is  now  prepared  by  the  action  of  hydrochloric  acid  on  substances  which 
readily  give  up  oxygen,  which  combines  with  the  hydrogen  of  the  hydro- 
chloric acid,  liberating  the  chlorine.  As  oxidising  compounds  one  may  use 
the  oxides  of  manganese,  chromic  acid,  nitric  acid,  sodium  chlorate,  &c, 

/(  is  ordinarily  prepared  in  the  laboratory  by  heating  manganese  dioxide 
with  hydrochloric  acid  :  MnOj  +  4HCI  =  MnCIa  +  211^0  +  CI,.  Chlorine  is  ' 
not  developed  in  the  cold,  as  a  soluble  tetrachloride  of  manganese  is  formed  : 
MnOj  +  4HC1  =  MnCI^  -|-  2HjO.  On  heating  the  reaction  MnCI,  =  MnCl,  +  CL 
takes  place. 

In  the  laboratory  a  mixture  proposed  by  Klason  is  often  preferred,  as  a 
more  regular  evolution  of  chlorine  is  so  obtained  on  heating  on  the  water- 
bath  ;  it  consistsof  Spartsof  MnOj(of  90percent. strength),  11  partsof  NaCI, 
14  parts  by  weight  of  strong  sulphuric  acid,  and  75  parts  by  weight  of  water 
(equal  in  volume  to  the  sulphuric  acid) : 

4NaCl  -1-  MnOa  -|-  SHjSOj  = 
2N'aHS04  -I-  NajSO«  -|-  MnCl,  +  2HiO  +  Ci,. 
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In  this  manner  96  per  cent,  of  the  quantity  of  chlorine  indicated  by  the 
equation  is  obtained  in  practice.  The  laboratory  apparatus  is  illustrated 
in  Fig.  46,  and  the  chlorine  is  washed  in  hot  water  in  a  Woulff's  bottle,  and 
then  collected  in  a  cylinder  inverted  over  a  pan  of  hot  water,  as  chlorine 
k  somewhat  soluble  in  cold  water. 

In  1901  Graebe  obtained  chlorine  by  heating  a  solution  of  sodium  chlorate 
with  hydrochloric  acid,  but  a  little  chlorine  oxide,  CIO2,  is  also  formed.  This 
may,  however,  be  decomposed  by  passing  through  a  red-hot  tube ;  in  190^ 
he  made  it  advantageously  by  the  action  of  cold  hydrochloric  acid  (density 
1*16)  on  solid  potassium  permanganate,  and  so  obtained  pure  chlorine  free 
from  oxides. 

Relatively  pure  chlorme  is  obtained  by  heating  potassium  dichromate 
(100  grms.)  with  hydrochloric  acid  in  a  flask  of  about  300  c.c.  capacity  and 
collecting  over  hot  water  without  washing  : 

K^CrjsOy  +  14HC1  =  2KC1  +  CrJCl^  +  SCljj  +  TH^O. 

Another  rapid  laboratory  method,  suggested  by  Winkler,  consists  in  acting  in  the  cold 
in  a  Kipp  apparatus  with  hydrochloric  acid  on  small  cubes  made  from  four  part«  of  chloride 
of  lime  (CaOCl,)  mixed  to  a  paste  with  one  part  of  plaster  of  Paris : 

CaOClj  +  2HC1  =  CaCla  +  Gj  +  H,0. 

Small  traces  of  oxygen  are  formed  by  this  method. 

By  decomposing  dilute  hydrochloric  acid  with  the  electric  current  chlorine  is  obtained 
at  the  anode  and  hydrogen  at  the  cathode,  and  in  the  same  way  concentrated  solutions 
of  sodium  chloride  give  chlorine  at  the  anode  and  caustic  soda  and  hydrogen  at  the  cathode, 
as  secondary  products  formed  by  the  action  of  water  on  the  sodium  which  is  separated 
as  the  primary  product :   Na  +  HjO  =  NaOH  +  H. 

According  to  Ferentzy  (1908)  it  is  impossible  to  obtain  absolutely  pure 
chlorine  by  any  of  the  above-mentioned  methods,  as  it  always  contains  chlorine 
oxides  the  presence  of  which  was  proved  by  diffusion  through  tubes  of  porous 
porcelain  heated  to  1200°,  when  the  oxygen  from  the  chlorine  oxides  passes 
through  their  waUs.  Chemically  pure  chlorine  can  only  be  obtained  by  decom- 
posing potassium  chloroplatinate  at  a  red  heat :  KgPtClg  =  2KC1  +  Pt  +  CI4. 

INDUSTRIAL  METHODS  OF  PREPARING  CHLORINE.  Until  a 
few  years  ago  the  industrial  preparation  of  chlorine  was  almost  entirely  con- 
fined to  purely  chemical  processes  ;  to-day,  on  the  contrary,  almost  the  whole 
supply  is  produced  as  an  abundant  (too  abundant)  by-product  of  the  electro- 
lytic production  of  caustic  soda  and  potash.  For  this  reason  we  will  only 
briefly  discuss  at  this  point  the  chemical  methods  still  in  use,  and  in  Part  III, 
in  describing  the  electrolytic  soda  industry,  we  will  also  discuss  the  prepara- 
tion of  chlorine  and  chloride  of  Ume. 

I.  In  small  industrial  installations  chlorine  is  readily  obtained  by  the 
action  of  hydrochloric  acid  on  natural  manganese  dioxide  (pyrolusite,  pohanite, 
manganite,  &c.),  which  is  found  in  deposits  in  Germany,  Spain,  and  South 
America.  The  value  of  this  mineral  is  proportional  to  the  quantity  of 
manganese  dioxide,  MnOj,  which  it  contains,  as  the  other  oxides,  MnO, 
MujOf,  and  Mn208,  are  less  valuable  and  yield  less  chlorine  and  more  man- 
ganous  chloride,  thus  using  more  hydrochloric  acid  :^ 

MnOg  +  4Ha  =  2H2O  -h  MnClj  +  Cl^ 
Mn304  +  8HC1  =  4H2O  +  SMnCla  +  Clg. 

>  Analytit  of  pyrohuiU. — ^Apart  from  the  determination  of  moisture  and  of  carbonates  the  percentage  of  MnO^ 
is  determined  as  follows :  1*0875  grm.  of  dry  powdered  pyrolusite  are  placed  in  a  stoppered  flask  fitted  with  a 
Bonsen  valve  and  75  c.c.  of  a  ferrous  sulphate  solution  are  added  (prepared  by  dissolving  100  grms.  of  pure  ferrous 
sulphate  and  100  c.c.  of  sulphuric  acid  in  water  to  1  litre)  which  has  been  previously  titrated  with  a  i-N  solution 
of  potassium  permanganate.  The  contents  of  the  flask  are  then  boiled  for  some  time,  the  valve  permitting  the 
steam  to  escape  ndbilst  preventing  tl)e  entry  of  air.  The  w)io]9  is  then  cooled  and  the  contents  of  the  flask  titrated 
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In  order  to  obtain  the  same  quantity  of  chlorine  from  Mnj04  double  the 
quantity  of  hydrochloric  acid  is  required.  A  mineral  containing  less  than 
57  per  cent,  of  MnO,  is  unsuitable  lor  the  purpose,  as  is  also  the  case  if  it 
contains  more  than  1  per  cent,  of  COg  as  carbonate.  The  higher  oxides  are 
commercially  valued  according  to  the  amount  of  MnOj  which  they  are  capable 
of  yielding : 

Mn,Oj  =  MnO  +  MnOg        or        MnjO,  =  2  MnO  +  MnO,. 

The  industrial  preparation  of  chlorine  is  oturiod  out  in  Tessela  of  cast-iron  or  earthenware 
containing  HQ  and  MnO^  Theae  are  heated  with  hot  water  or  steam,  and  when  the  reaction 
haa  finished  the  mother  liquors,  which  contain  MnCl„  are  removed  by  syphons  and  used 
for  the  regeneration  of  chlorine  and  manganese  dioxide.  The  dehvcry  tubes  for  the  chlorine 
are  constructed  of  lead  or  earthenware.  The  heating  operation  lasts  twenty-four  hours 
altogether.  Lunge  advisea  the  apparatus  illustrated  in  Fig.  47,  A  stoneware  cylinder, 
a,  with  a  perforated  double  bottom,  6,  contains  the  manganese  dioiide  and  hydrochloric 
acid.     This  cylinder  is  closed  by  a  bell,  d,  immersed  in  a  larger  cyhnder,  h,  containing 


water  heated  by  the  steam-pipo  i.  The  regular  stream  of  chlorine  thus  produced  escapes 
by  the  tui>o  g.  The  mother  liquor  containing  manganous  chloride  is  discharged  by  the 
tube  e,  and  the  manganese  is  then  recovered  by  one  means  or  another.' 

The  apparatus  constructed  entirely  in  stoneware  and  shown  in  Fig.  48 
13  simpler  and  is  more  commonly  used.  Th»  vessel  c  contains  manganeiH' 
dioxide  in  the  internal    perforated  cylinder  d,  which   reacts  with  the  hydrc- 

with  1-N  pfrmnngBnato ;  If  IhcBinouiiI  ot  pmDBnKanalc  required  for  thlB  piirpc«o  la  aubtrAcdrdtromlbc  Amount 

]t  found  ;  nod  on  inultlplylim  tlu>  nutulin  of  c.c.  by  two,  the  percnitnge  of  UiiU,  Is  found  (I  cx^.  of  (N  p«rDMii- 
gBDBte  =  0-02IT3  ginu.  MnO,).  ^_ 


(i)  Dunl&p'i  iMtAorf.— ThEltquot  19  h«tcd  ■(  fouratmosphciei  ptiwtute  with  cuLcium  CMtonstc:  Mna,  +  C«C< 
^-  MdCO,  +  CsO,.  The  msnfwnrsc  cmrbanste  which  is  Ihiis  formed  is  tlicn  hratM  in  tuiuca  at  300°  in  pmwu 
ot  alt  and  formg  nungaiuw  dioxide :  UnCO,  +  O  ^  CO,  +  UuO,.    Thta  method  is  only  employed  In  Tennanl 

(B)  Wddm'i  me<Aaifi.~(a}  H'tU  lime.  In  1S3T  Qonagfl  already  prop«ed  to  treat  the  mother  liquor  ()ln< 
and  ua)  with  lime  and  Ihen  to  aildlsc  Ihc  maiu  wilh  air :   SMnCl,  -t-  aCtO  +  0,^  SC^a,  -I-  CaO.  £MnOr 

In  1600  Binlib  and  Macqueen  pstentrd  this  ptoccu.  But  the  credit  of  having  succewfuUy  applied  the  procr 
la  pmcllcc  and  ahown  Ihc  Importance  of  an  ciceu  of  lime  »  due  to  Weldoa.  CBlcium  chloride  is  solubloand  tl 
mud  ■eparalcs  out ;  it  Is  then  rclurnrd  lo  Ihc  chlorine  generators. 

(»)  With  mnfnrtia.—Tbe  mother  liquor  (HnCl,  and  HCI)  in  satunted  with  ulagneiium  carbonate,  and  IIh 
lorau  a  mixture  of  M^a,  anil  UiiCl,.    I'he  wliole  is  then  evapnnteil  and  dried  in  rurnaeni  unlll  HCI  commenc 

and  can  be  utlMxetl :  HnCI,  +  O  -  MnO  +  Cl„  and  alfo  SlgCl,  +  U--  »gO  -*-  a',.  The  miilurc  ot  the  t« 
oxide*  Is  again  emfloyed  hi  the  chlorine  Keneratore.  On  tccoUDt  ot  many  technical  difflcultit*  the  magnei 
method  liaa  never  found  toehnleal  application  In  ppit«  of  varilXia  improvements. 
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chloric  acid  which  enters  from  the  reservoir  a,  through  the  tube  b.  The  chlorine 
gas  escapes  through  /,  and  is  developed  regularly  and  completely  if  the  vessel  c 
is  immersed  in  a  vat  (not  shown  in  the  figure)  containing  water  which  is  heated 
by  a  steam-jet.  The  apparatus  is  completely  closed  by  the  heavy  cover  e. 
"  n.  CHLORINE  FROM  AIR  AND  HYDROCHLORIC.  ACID.  Deactm- 
Hurter  method,  1870.  This  is  based  on  the  action  of  air  (oxygen)  on  hydro- 
chloric acid  when  heated  in  presence  of  an  active  substance  which  acts  by 
contact  alone  (catalytically)  or  forms  an  intermediate  product  which  is  easily 
decomposed,  continuously  producing  chlorine.  As  active  material  small  clay 
balls  impregnated  with  copper  chloride  or  sulphate  have  been  found  to  work 
weU.  But  it  has  been  shown  that  other  substances,  even  inert  materials, 
such  as  moist  pumice  stone,  are  able  to  produce  the  same  catalytic  effect. 

On  heating  copper  chloride,  GuCls,  under  these  conditions,  it  undergoes 
the  decomposition  :  2CuCl2  =  CI2  +  CU2CI2  (cuprous  chloride),  which  latter 
is  reconverted  into  cupric  chloride  by  hydrochloric  acid  and  the  oxygen  of 
the  air  :  Cu^Cl,  +  2HC1  +  O  =  H^O  +  2CuCl2. 

Thus  CuClg  plays  a  part  in  the  reaction,  but  is  continually  regenerated, 
so  that  the  complete  process  may  be  represented  by  the  equation  : 

2HC1  +  O  =  H2O  +  Cla . 

In  practice  many  difficulties  are  met  with  :  the  OuClt  is  not  completely  regenerated, 
the  HCl  is  not  completely  decomposed,  and  the  catalytic  action  of  the  copper  salt  becomes 
exhausted  after  a  short  time,  on  account  of  impurities  which  accumulate  in  the  same. 
The  best  results  are  obtained  by  observing  the  following  precautions : 

The  temperature  should  not  exceed  470°,  otherwise  cuprous  chloride  is  volatilised  and  lost. 

The  yield  of  chlorine  depends  greatly  on  the  proportions  in  which  HCl  and  air  are  present, 
and  on  the  velocity  of  the  current  of  these  gases.  The  best  results  are  obtained  when  the 
reacting  gaseous  mixture  contains  5  to  20  per  cent,  of  HCl,  and  the  emerging  stream  of  gas 
after  the  reaction  contains  5  to  7  per  cent,  of  chlorine,  the  rest  being  air. .  On  using  a 
mixture  of  40  per  cent.  HCl  and  60  per  cent,  air,  70  per  cent,  of  the  HCl  is  converted  into 
chlorine.  The  presence  of  sulphuric  acid,  or  SOj,  proceeding  from  the  furnaces  which 
produce  the  HCl,  reduces  the  yield  of  chlorine,  owing  to  the  following  reaction : 

SO.  +  2H,0  +  CI,  =  H,S04  +  2HC1 

{see  below.  Hydrochloric  Acid). 

The  process  was  improved  by  Lunge  and  by  Solvay  about  1890 ;  they  endeavoured 
to  eliminate  all  the  above  difficulties,  and  were  able  to  introduce  their  improvements  into 
many  large  plants.  Still  until  1902  a  notable  loss  of  CuClg  was  observed  (about  50  per 
cent,  in  ten  days)  and  Dieffenbach  therefore  arranged  the  plant  in  such  a  manner  as  to 
regenerate  all  the  copper  salt  by  forcing  the  gas  to  issue  at  one  point  of  the  catalytic  mass 
where  the  reaction  was  less  energetic  and  the  temperature  lower,  thus  avoiding  volatilisation 
of  the  copper  salt,  and  finally  (1908)  he  diminished  the  volatility  of  the  cuprous  chloride 
by  mixing  it  with  sodium  chloride. 

The  Deacon  process  is  now  advantageously  employed  wherever  chlorine,  of  a  low 
degree  of  concentration  is  needed. 

The  dispodtipn  of  the  plant  is  shown  in  longitudinal  section  in  Fig.  49.  To  the  left  is 
9een  the  muffl^pbmace  for  producing  hydrochloric  acid,  which  gas,  mixed  with  air,  is 
cooled  and  freed  from  the  greater  part  of  the  accompanying  moisture  by  passing  through 
the  long  pipe  a.  The  gaseous  mixture  is  well  dried  in  the  coke-tower  b,  and  then  passes 
through  a  series  of  twenty -four  pipes  contained  in  a  furnace  c,  at  a  temperature  of  450° 
to  470** ;  it  then  enters  the  reaction  chamber  d,  consisting  of  a  large  cast-iron  cylinder  main- 
tained at  460°  by  hot  fumes  from  the  furnace  c,  and  divided  into  six  compartments  filled 
with  fragments  of  porous  brick  impregnated  with  copper  chloride  or  sulphate.  After  the 
reaction  is  completed  the  gases,  consisting  of  chlorine,  excess  of  hydrochloric  acid,  oxygen 
and  nitrogen  from  the  air,  and  steam,  are  cooled  in  several  long  tubes  which  condense  the 
steam  and  hydrochloric  acid.  The  last  traces  of  HCl  are  separated  in  a  coke-tower,  from 
the  top  of  which  a  fine  shower  of  water  descends,  and  the  remaining  gases  are  dried  in  a 
second  coke-tower  with  a  spray  of  strong  sulphuric  acid.  Finally  only  dry  chlorine  m'xed 
with  air  remains,  the  mixture  containing  5  to  7  per  cent,  of  chlorine. 

I  lo 
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ni.  CHLORINE  FROM  CHLORIDES.     Wddon-Pechiney  Procat  (1888-1890). 

This  proceas  can  only  be  advuitageously  used  where  cheap  magneaium  chloride  can  be 
obtained,  as  at  Neu  Stasefurt  (HgCl,  +  O  ^  MgO  +  01,). 

The  MgCl,  Bolution  is  evaporated  and  made  into  a  paste  with  dry  magnesia.  The 
hardened  mass  is  broken  up  and  the  pieces  thrown  into  a  flue  heated  to  260°  to  300°  in 
which  a  current  of  hot  air  circulates.  It  then  evolves  almost  all  the  water  which  it  contains 
(65  per  cent.),  bat  only  loses  6  to  8  per  cent,  of  chlorine  (as  HCl).  The  perfectly  dry 
magneaium  chloride,  mixed  with  MgO,  is  then  introduced  into  a  reverberatory  furnace, 
connisting  of  high,  narrow  chambers,  and  heated  to  1000°.  The  heating  Is  continu<.-d 
for  six  hours,  during  which  a  r^ulated  current  of  air  is  passed  over  the  mass,  causing  the 
formation  of  chlorine,  mixed  with  very  little  HCl.  The  latter  is  condensed  in  a  suitable 
column,  after  which  the  gases  contain  about  8  per  cent,  of  chlorine,  but  after  five  hours 
this  percentage  sinks  to  1  per  cent. 

This  process  is  in  use,  with  trifling  modiflcations,  in  many  lai^  works,  and  competes 
with  the  Deacon  and  electrolytic  processes. 


t'lo.  49. 

In  order  to  utilise  the  calcium  chloride  obtained  as  a  by-product  in  the  manufaclure 
of  sodium  carbonate  Solvay  propa'ii'd  to  heat  it  with  silica  to  a  high  temperature  in  a 
current  ot  air  ; 

CaCI,  +  SiO,  +  O  =  CaSiO,  +  CI, 

This  process  has  not  yet  succeeded  in  competing  with  the  electrolytic 
process.  Neither  has  the  proceas  of  Dunlop,  modified  by  Goldschmidt,  Davis, 
and  Taylor,  any  technical  interest,  unless  one  is  able  fo  utihse  the  NOCI  for 
the  bleaching  of  flour.     It  is  based  on  the  reaction  : 

SHCI  +  HNOj  =  2HaO  +  01^  +  NOCI 
and  a  yield  of  82  per  cent,  of  the  chlorine  is  obtained.    The  same  may  be  said 
of  Schlosing's  proctss  {18G2) : 

2HC1  +  2HNO3  +  MnO,  =  Mn(NOs)j  +  2H,0  +  Clj. 

IV.  ELECTROLYTIC  METHODS  OF  CHLORINE  MANUFACTURE.  These  are 
associated  with  the  electrolytic  manufacture  of  soda,  and  the  various  processes  will,  therefore,  1 
be  discussed  in  detail  in  Part  III,  in  the  chapter  on  Electrolytic  8oda.  1 

However  simple  the  electrolytic  preparation  of  chlorine  by  decomposition  of  NaCI  I 
may  appear,  bo  many  dificultios  were  encountered  in  practice' that  they  were  very  hard  to  i 
overcome  and  retarded  the  industrial  a)>plication  of  the  process.  , 

The  chlorine  which  is  formed  strongly  attacks  the  metals  of  the  plant  and  the  carbon 
of  the  anode,  and  the  caustic  alkali  a.\fo  energetically  destroys  many  parts  of  the  machinery. 
Parchment  diaphragms  were  rapidly  destroyed,  and  equally  .serious  difficulties  attendi-d 
the  use  of  every  kind  of  diaphragm  which  was  tried.  Since  1890  there  has  been  a  bewil- 
dering succession  of  patents  to  embody  the  best  arrangement  of  electrodes  and  diaphragms, 
or  to  eliminate  the  diaphragms  altogether  ;  to-day  the  [iroblem  may  be  said  to  be  practically 
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The  patents  of  Lowe  and  of  Matz  (Andrcoli  employed  mercury  oa  cathode,  which  was 
also  adopted  by  Caatner),  of  Hermite  and  Dubose,  Kellnet  and  Solvay,  Hunt  and  Watson 
(1895),  the  Hai^reares-BirdprocoBa  (1899),  and  thatof  Acker  (1900)all  indicated  the  progreaa 
of  these  determined  attempts.  In  spite  of  the  fact  that  its  initiation  required  such  great 
and  very  ooetly  efforts  the  electrolytic  process  has  to-day  almost  replaced  all  other  processes 
of  making  ctilorine.' 

LIQUID  CHLORINE.  Liquidchlorine  wasfirat  prepared  in  thelaboratory  by  Faradaj 
in  1823  and  ia  to-day  produoed  in  largo  quantity  for  various  industrial  purposeB,  especially 
for  the  manufacture  of  bromine  and  iodine  in  the  Stasafurt  salt  works. 

Uannay  prepared  it  industrially  in  1890  by  heating  chlorine  hydrate  in  a  closed  vessel 
of  iron,  lined  with  lead,  separating  the  water  which  floats  on  the  top,  and  conveying  it 
into  a  suitable  st«cl  cylinder  previously  dried  with  strong  sulphuric  acid. 

The  Badische  Anilin  und  Soda  Fabrik,  Ludwigshafen,  compress  electrolytic  chlorine 
conveyed  by  the  pipe  h  (Fig.  50)  over  strong  sulphuric  acid  in  the  iron  receiver  m,  and 
prelect  the  piston  a  of  the  pump  by  separating  it  from  the  acid  with  a  layer  of  pure 
petroleum  c  The  chlorine  gas,  strongly  compressed  in  this  manner,  and  at  a  temperature 
of  50°  to  80°,  passes  into  a  strongly  cooled  spiral  condenser  K,  where  it  is  liquefied  and 
rolJects  in  the  steel  cylinder  L,  The  valves  »  and  k  control  the  entry  of  the  chlorine 
in  accordftnco  with  the  movements 
of  the  piston.  g  contains  water 
■hich  ia  kept  at  60°  to  80°. 

Chlorine  is  now  liquefied  without 
the  use  of  a  compression  pump. 
as  it  is  found  preferable  to  liquefy 
it  by  strong  refrigeration  without 
nimpresaioB. 

When  chlorine  is  mixed  with 
other  gases,  as  in  the  Deacon  pro- 
^^^,  it  ia  necessary  to  separate 
it  before  it  can  be  liquelied,  and 
therefore  Th.  Goldschmidt  pro- 
posed in  1907  to  absorb  it  with  a  Pro.  SO. 
liquid  chloride  free  from  water,  e.g. 

by  anhydrous  tin  tetrachloride,  at  a  pressure  near  its  point  of  liquefaction.  The  dissolved 
chlorine  in  liberated  on  diminishing  the  pressure,  finally  heating  when  necessary. 

Vessels  to  be  used  for  the  transport  of  liquid  chlorine  must  be  of  iron  or  steel,  and  resist 
»Q  interoal  pressure  of  100  atmospheres.  In  Germany  the  control  of  the  strength  of  these 
cjUnders  is  obligatory  once  a  year.  The  pressure  eiert«d  by  the  liquid  chlorine  in  the 
cylinder  is  about  56  to  60  atmospheres. 

When  perfectly  dry,  chlorine  does  not  attack  cast  or^wrought  iron,  steel,  phosphor- 
bronze,  brass,  copper,  zinc,  or  lead. 

The  specific  gravity  of  liquid  chlorine  is  1-6725  at  -78-6°,  1-468  at  0%  and  l-llSat  100°. 
iu  molecule  consists  of  Cl^  Organic  substances  are  not  ionised  when  dissolved  in  liquid 
chlorine,  even  when  they  form  labile  combinations  with  it,  but  even  a  trace  of  hydrochloric 
Md  suffices  to  render  the  solution  a  conductor  of  the  current. 

ANALYSIS  OF  CHLORINE.  It  is  necessary  to  determine  the  amounts  of  CI,  CO,, 
and  air.     Two  100  c.o.  buretlee  are  each  filled  with  the  gas  ;  in  one  the  chlorine  is  absorbed 

N 
by  a  solution  of  potassium  iodide,  and  on  titrating  the  liberated  iodine  with  -■-  sodium 

thiosulphate  solution  (1  C.C.  =  0003548  grms.  CI  =  1-1228  c.c.  of  Cljits  amount  is  found  ; 
the  diminution  of  volume  alone  alto  shows  the  approximate  volume  of  the  chlorine.  In 
the  other  burette  chlorine  and  CO,  arc  absorbed  together  with  caustic  soda  solution; 
the  difference  between  this  and  the  former  diminution  of  volume  {with  KI)  gives  the  volune 

'  A  dindv*aUge  of  dwttolyllo  chlorLm  consials  In  Iti  eicessive  chsmicml  ictivity,  which  cbuspb  Iom  In  IKc 
muiuticliirB  o(  chloride  ol  lime,  ■  put  ol  the  chlurloe  being  converted  Into  CbCIu  which  it  v«luelw«,  iccordlng  lo 
Ilu  loUoKlnc  cqDMiDD : 

c»(OH),  -H  a,  =  c«a,  -h  H,o  +  a 

Inorterto.Toldrhh  lorn,  Slndlng-Urwn  h«  .uggested  hwting  the  chlorine  to  70C°-800"  before  Ibtreictlon 
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of  CO2  ;  the  remaining  gas  is  air,  which  can  be  analysed  if  required  in  the  Qrsat  apparatus 
(which  see).  The  U-mperature  and  pressure  of  the  gas  have  much  influence  on  the  result, 
and  must,  therefore,  be  taken  into  account  (see  p.  26). 

BROMINE  :     Br,  79.92 

Bromine  is  a  liquid  which  does  not  occur  in  nature  in  the  free  state,  but  is 
combined  as  bromideb  in  many  mineral  deposits  and  also  in  sea  water,  especial Ij'^ 
in  the  Dead  Sea,  which  contains  0*44  per  cent,  of  bromine  as  sodium  bromide, 
NaBr,  and  magnesium  bromide,  MgBr2.  The  Atlantic  Ocean  only  contains 
00064  per  cent. 

It  was  first  discovered  by  Balard  in  1826,  in  the  mother  liquors  from  the  pro- 
duction of  sea  salt.  In  consequence  of  its  presence  in  sea  water  it  is  found, 
together  with  iodine,  in  the  ashes  of  certain  marine  plants  (kelp^  varec), 
from  which  it  is  obtained.  It  is  now  obtained  in  large  quantity  from  the 
Stassfurt  salts,  and  in  the  United  States  from  the  mother  liquors  from  the 
purification  of  rock  salt. 

PROPERTIES.  Bromine  is  a  dark  red-brown  liquid,  which  gives  off 
brownish-red  vapours  of  disagreeable,  penetrating  odour  similar  to  that  of 
chlorous  acid.  It  has  a  specific  gravity  of  3*18,  boils  at  63°,  solidifies  at 
—  7*3°,  and  at  —  20°  is  transformed  into  a  lead-grey  crystalhne  mass  with 
metallic  lustre.  Bromine  vapour  has  a  normal  density  corresponding  to 
the  molecule  Brg,  but  at  very  high  temperatures  dissociation  of  the  molecule 
into  free  atoms  commences.  With  water  at  0°  bromine  forms  a  red  crystal- 
line hydrate,  Brj  +  lOHgO,  which  decomposes  at  15°  ;  100  parts  of  water 
dissolve  31  parts  of  bromine  at  30°  ;  3*23  per  cent,  at  15°  ;  and  36  per  cent, 
at  5°. 

Bromine  water  decomposes  in  the  Hght,  forming  hydrobromic  acid. 
Bromine  is  more  soluble  in  alcohol,  ether,  and  carbon  disulphide  than  in 
water  ;  it  is  still  more  solu  ble  in  solutions  of  HBr,  KBr,  and  HCl  (in  HCl 
up  to  13  per  cent.). 

Sulphuric  acid  of  sp.  gr.  1795  dissolves  Br  in  traces  only.  Bromine 
decomposes  many  organic  substances  with  removal  of  hydrogen.  It  does 
not  combine  with  free  hydrogen  under  the  influence  of  light  alone,  heat  being 
also  necessary.  'It  does  not  combine  directly  with  oxygen  or  carbon.  The 
vapours  of  bromine  re^ct  energetically  with  P,  As,  Sb,  and  Sn,  even  with 
production  of  flame.  It  has  less  affinity  for  the  metals  than  chlorine.  The 
bromine  ions  of  bromides  give  a  slightly  yellowish  precipitate  with  silver 
nitrate  solution,  less  soluble  in  ammonia  than  silver  chloride.  Bromine  has 
a  strong  corrosive  action  on  the  animal  organism,  and  causes  great  irritation 
of  the  eyes.  The  bromides,  on  the  contrary,  are  well  tolerated  by  our 
organism,  having  a  soothuig  action  on  the  nerves  and  brain,  and  predisposing 
to  sleep. 

USES  OF  BROMINE.  Bromine  is  employed  as  an  oxidiser  in  many 
chemical  reactions  instead  of  chlorine,  e.g,  for  transforming  manganous 
oxide  into  the  peroxide,  potassium  manganate  into  the  permanganate  : 

2K2Mn04  +  Brg  =  2K]VIn04  +  2KBr 

and  yellow  potassium  ferrocyanide  into  the  ferricyanide  : 

K4Fe(CN)«  -h  Br  =  K3Fe(CN)g  +  KBr. 

Bromine  is  used  for  dissolving  gold  and  separating  it  from  platinum  and 
silver.  It  is  used  as  a  disinfectant  (4  gnns.  per  cubic  metre  of  space),  and  for 
this  purpose  Frank  absorbs  it  in  infusorial  earth,  forming  small  solid  cylinders 
which  are  sold  as  solid  bromine.  Bromine  is  also  employed  for  the  prepara- 
tion of  bromine  salts,  for  pharmaceutical  and  photographic  purposes,  and  in 
the  manufacture  of  aniline  colours  (eosine).  It  is  also  used  as  a  depolariser  in 
galvanic  batteries. 
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STATISTICS  AND  PRICES.  At  first,  in  1865,  Stassfurt  only  produced 
300  kilos  per  year,  but  the  production  soon  increased  enormously.  In  1900 
it  rose  to  500,000  kilos,  was  more  than  717,400  kilos  in  1905,  and  in  1906 
amounted  to  907,000  kilos,  of  which  171,000  kilos  were  exported,  together 
mth  644,000  kilos  of  bromides  ;  in  1908  the  United  States  imported  187,000 
kilos  of  bromides.  In  1905  Germany  exported  634,000  kilos  of  bromine 
salts.  The  production  in  the  United  States  was  182,000  kilos  in  1880,  and 
rose  to  225,000  kilos  in  1895  and  600,000  kilos  in  1907,  but  the  production 
had  to  be  decreased  to  500,000  kilos  in  1908.  The  price,  which  was  at  first 
£4  16a.  per  kilo,  rapidly  dropped  to  £2  8«.,  then  12«.,  and  later  4^.  per  kilo. 
Then  the  desperate  competition  between  Germany  and  the  United  States, 
which  started  in  1904,  caused  the  price  to  drop  rapidly  to  la.  7d,  in  1907 
and  to  Is,  in  1908  ;  a  partial  understanding  was  arrived  at  in  1909  and  the 
price  of  bromides  was  approximately  doubled. 

Italy  imported  11,800  kilos  in  1907,  and  13,400  kilos  in  1908,  of  the 
value  of  £1072.  ^ 

LABORATORY  PREPARATION.  Bromine  is  prepared  by  heating  in 
a  flask  on  the  water-bath  a  mixture  of  sodium  bromide,  sulphuric  acid,  and 
manganese  dioxide,  or  some  other  oxidising  agent,  such  as  potassium  di- 
chromate  : 

2NaBr  +  MnO^  +  3H2SO4  =  MnS04  +  2NaHS04  +  ^HgO  +  Br^j. 

The  oxygen  of  the  oxidising  agent  combines  with  hydrogen,  which  would 
othemise  form  hydrobromic  acid  instead  of  bromine. 

The  red-brown  vapours  of  bromine  which  are  formed  are  condensed  by 
passing  into  a  long  condenser. 

In  general  one  can  always  displace  the  bromine  from  a  solution  of  a  bromide 
by  chlorine  {see  Chlorine),  NaBr  +  CI  =  NaCl  +  Br. 

INDUSTRIAL  PREPARATION.  This  industry  has  increased  remark- 
ably in  recent  years.  In  1865  the  remarkable  extraction  of  bromine  from 
the  Stassfurt  salt  works  was  started,  and  especially  from  the  Magdeburg 
deposits,  and  later  on  from  those  of  North  America.^ 

The  final  mother  liquors  from  the  treatment  of  carnallite  (MgClg,  KCI.6H2O) 
(see  Stassfurt  Salts)  contain  on  an  average  in  each  cubic  metre  3*5  kilos  of 
bromine,  as  MgBrg,  and  about  300  kilos  of  MgCl^. 

At  Neu  Stassfurt  the  bromine  is  obtained  by  Pfoififcr's  process ;  the  hot  mother  liquor 
falls  as  a  fine  spray  from  the  top  of  a  tower  filled  with  fragments  of  stone  or  small  silica 
balls,  from  the  base  of  which  a  current  of  steam  and  chlorine  ascends  (Fig.  51 ).  The  chlorine 
is  supplied  by  cylinders  of  the  liquefied  gas,  and  the  rate  of  supply  can  be  readily  regu- 
lated. 

The  liquid  rich  in  bromine  which  collects  at  the  bottom  of  the  tower  descends  into  a 
stone  boiler  and  is  heated  directly  by  superheated  steam,  which  drives  off  the  bromine 
together  with  a  little  dissolved  chlorine.  These  vapours  ascend  the  tower  and  descend 
the  upper  delivery  pipe  into  the  spiral  condenser,  where  they  are  condensed  ;  the  bromine 
collects  together  with  water  (bromine  water)  in  a  large  glass  bottle.  The  bromine  vapours 
and  chlorine  which  escape  condensation  arc  absorbed  in  a  small  tower  at  the  side  filled  with 
moist  iron  filings  or  turnings,  where  they  form  iron  bromide  and  chloride.     At  the  side 

^  Already  in  1846  the  preparation  of  broinine  wa.H  Btarted  in  PcnnHylvania  &nd  at  Frctrport,  but  to-day  this 
manufactiirc  exists  more  especially  in  Michigan,  East  Virginia,  Oliio  and  Pennsylvania,  wlierc  the  niothrr  liquors 
from  rock  salt  are  treated  with  dilute  sulphuric  acid  and  then  conccntratc<l,  the  hydrocliloric  acid  which  is  evolved 
being  condensed ;  on  adding  manganese  dioxide  and  sulphuric  acid  to  the  concentrated  liquid,  bromine  distils 
over,  together  with  water  and  a  little  chlorine,  bromine,  and  bromoform  ;  the  whole  is  first  condensed  in  an  empty 
receiver,  the  vapours  which  escape  condensation  being  absorbed  in  a  second  receiver  with  caustic  soda  solution. 
According  to  a  patent  of  the  Dow  Cliemical  Co.,  the  saline  mother  liquors  are  partially  electrolysed  and  the  chlorine 
liberated  in  this  way  sets  free  the  bromine,  which  is  recovered  by  means  of  a  current  of  hot  air. 

In  Ohio  the  saline  mother  liquors,  of  36^0**  B6.,  contain  a  preponderance  of  MgCl,,  together  with  0*5  to  1  per 
cent,  of  MgBrs ;  instead  of  being  treated  with  manganese  dioxide,  in  this  case  potassium  clilorate  is  used  with 
the  sulphuric  acid  in  exactly  the  quantity  theoretically  required  to  decompose  all  the  bromide 

SMgBr,  +  3HrS04  +  KaO,  -  6Br  +  KCl  +  SMgSO^  +  3H,0. 
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of  the  drawing,  towards  the  top,  tho  tubes  which  are  fixed  in  discs  at  the  top  of  the  m&in 
tower  t(i  Ronvert  the  mother  liquor  into  the  form  of  fine  spray,  are  shown  on  a  larger  scale. 
These  tubes  are  cut  away  at  the  point  and  have  a  sht  at  the  top  to  allow  the  liquid  to 

H.  Dow  (1891)  employs  a  current  of  air  instead  of  steam,  which  is  passed  through  the 
solution  saturated  with  bromine  and  carries  this  away  as  vapour.  But  this  method  docs 
not  appear  to  have  been  adopted  induBtrially.' 

To  free  bromine  from  the  small  amount  of   chlorine    vthich  it  contains 
it  is  agitated  with  iron  bromide  {obtained  from  the  small  tower)  or  viith  sodium 
bromide,  or  it  is  dietilled.     In  the  latter  case  all  the   chlorine  passes  over 
first,  together  with  little  bromine,  and  this  portion  is  collected   separately 
from  the  rest  of  the  distillate,  which  contains  bromine  only.     Or  iron  filings 
may  be  added  to  the   retort  before  dis- 
tillation in  quantity  just  sufficient  to  com- 
bine with  all  the  chlorine  present. 

In  1890  G.  Nahosen  took  out  a  patent  for 
the  electrolytic  production  of  bromine,  and  the 
process  appears  to  have  been  worked  indus- 
trially by  Wiinsche  since  1895.  It  \b  based  on 
the  fact  that  when  mother  liquora  arc  electro- 
lysed, oven  though  they  may  contain  chlorides 
in  large  quantity  {e.g.  those  from  camallito), 
these  are  not  decomposed  untii  all  the  bromine 
has  been  liberated.  If  the  ciurent  is  stopped 
at  this  point  and  the  whole  distilled,  all  the 
Fio.  51.  bromine  will  be  obtained  in  the  distillate.     It  is 

possible  to  work  without  diaphragms,  but  better 
yields  are  obtained  with  diaphragms  and  with  the  solution  at  a  t«mperature  of  80°. 
The  current  can  be  utilised  with  an  efficiency  of  70  per  cent.  ;  from  forty-four  baths  in 
twenty-four  hours  300  kilos  of  crude  bromine  are  obtained.  These  baths  are  worked 
with  a  current  of  150  amps,  at  3-4  volts.  This  proooss  ia  acquiring  a  certain  amount 
of  practical  importance. 

IODINE  :     I,  126.92 
This  element  was  discovered  by  Courtois  in  1812  in  the  soda  obtained 
from  the  ash  of  certain  marine  plants.     It  was  named  iodine  by  Gay-Lussac 
in  1813,  and  he  studied  its  principal  properties.    Later  on  it  \i'as  also  studied 
by  Davy. 

Iodine  is  not  found  in  the  free  state  in  nature,  but  alwaj^  in  combination  ; 
it  accompanies  chlorine  compounds,  and  sometimes  those  of  bromine.  It  is 
found  together  with  other  minerals  in  the  form  of  Hgl,,  Agl,  Pblj,  and  sodium 
iodate  in  Mexico  and  Chili  ;  it  is  often  found  in  association  with  phosphorite 
and  also  with  coa) ;  it  is  also  found  in  sea  water  and  in  mineral  springs  {e.g.  at 
Salsomaggiore,  at  Hall  in  Austria,  &c.).  In  springs  it  is  found  as  Mgl,  and 
Nal ;  rarely  as  KI  or  Cal^.  As  salts  of  iodine  are  amongst  the  most  soluble, 
they  are  dissolved  by  rain  water,  and  this  explains  its  frequent  presence 
in  mineral  springs.  Iodine  is  also  found  in  certain  vegetables  (j'ikim,  lami- 
naria,  viva,  &c.)  and  in  some  animals.  It  is  found  in  notable  quantity  in 
Chili  saltpetre. 

CHEMICAL  AND  PHYSICAL  PROPERTIES.  lodme  is  a  crj-stalline 
solid,   forming  large   rhombic  plates,   violet-black  in  colour,   with   metallic 

'  BettB,  Id  Americs,  propoBul  in  1001  to  rcmovd  tlic  bromine  ftom  thr  niolhcr  llquon,  man  npwially 
when  th«e  ue  dilute,  by  meBiu  of  pure  earbollc  «cid  -.  tlil«  at  once  prfcijiiUlee  erj-sWliiie  Iribromopheiiol ; 
G»H,OH  +  eSr  -  SHDc  +  ChUiBlUH.   Free  biamine  cBu  be  obUined  Iraiu  tills  compound  by  Ibe  action  ol 
chlorine  or  of  BUiphurlc  HCid  sod  iron,  the  phenol  being  rcgcnenled  In  tbe  tatter  cue ; 
SCeHiBr.OH  +  3H,S0,  +  SFc  =  3FeBr,  +  SFeSO,  +  ZC^,OH. 
One  lilla  of  phrnui  (ckcbollc  icld)  precipltalet  Z'S  klloe  ot  bromine.  Pncticsliy  thl>  would  Toolt  In  >  mixed  pnxew  ; 

might  nbo  employ  uelyleiie  lualeeJ  ol  pbcnol.    Time  pnxcHa  have  uol  I'ct  CouaJ  pnctleml  ■ppUcatlOB. 
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reflex.  It  has  a  similar  odour  to  chlorine  and  bromine,  colours  the  skin 
yellow,  and  acts  as  a  corrosive,  but  less  so  than  bromine.  Its  specific  gravity 
is  4*95  ;  it  melts  at  114°,  forming  a  dark  brown  liquid  which  boils  at  184°, 
producing  violet  vapours,  which  recondense  without  passing  through  the 
liquid  state,  but  sublime  in  black,  shining  crystals.  Its  vapour  density  at 
600°  corresponds  to  the  molecule  Ig,  but  above  1500°  complete  dissociation 
into  simple  atoms  take  place. 

Iodine  is  very  slightly  soluble  in  water  (1  :  3600)  ;  it  is  readily  soluble 
in  alcohol  (tincture  of  iodine)  and  also  in  an  aqueous  solution  of  KI.  It  is 
soluble  in  ether  with  brown  colour,  and  in  chloroform  and  carbon  disulphide 
with  violet  colour  (carbon  disulphide  dissolves  18  per  cent.).^ 

The  chemical  behaviour  of  iodine  is  analogous  to  that  of  chlorine  and 
bromine,  but  its  afl&nity  for  other  elements  is  much  weaker,  and  indeed  iodine 
can  be  displaced  from  its  compounds  by  both  chlorine  and  bromine.  It  only 
combines  with  metals  and  with  hydrogen  on  heating.  It  abstracts  hydrogen 
from  organic  compounds  (hydrocarbons)  with  difficulty.  It  gives  a  char- 
acteristic blue  coloration  with  starch  paste.  If,  for  example,  to  a  very  dilute 
solution  of  KI  starch  paste  and  a  few  drops  of  chlorine  water  are  added, 
a  blue  coloration  is  immediately  obtained  in  the  cold,  due  to  the  Hberation 
of  iodine.     On  heating,  the  starch  paste  is  decolorised. 

Traces  of  iodides  are  detectod  by  pouring  the  solution  into  a  cylinder 
with  500  c.c.  of  water  and  adding  two  or  three  drops  of  fuming  nitric  acid 
and  fifteen  to  twenty  drops  of  carbon  disulphide  ;  on  shaking  the  whole  and 
allowing  the  carbon  disulphide  to  settle  to  the  bottom  this  will  be  coloured 
violet,  as  it  dissolves  the  liberated  iodine. 

In  the  secretion  of  the  gland  of  the  thyroid  (cartilage  of  the  Adam's  apple)  Baumann 
di.scovered  and  separated  (1895)  a  product  containing  9-3  per  cent,  of  iodine,  called  iodo- 
thyrin,  which  has  proved  to  be  most  efficacious  in  cases  of  goitre.  It  appears,  in  fact,  that 
in  districts  where  goitre  is  prevalent  —  e,g,  in  Frq^burg,  in  Baden,  and  in  the  Bergamasco 
vaDey — the  thyroid  glands  are  rather  deficient  in  iodine.  Iodine  is,  therefore,  found  in 
nature  in  true  stable,  organic  combination.  In  Italy  daring  the  years  of  conscription, 
from  1896  to  1903,  those  exempted  from  military  service  on  account  of  goitrous  deformity 
numbered  27,554,  that  is,  about  3500  per  year,  of  which  two-fifths  were  in  Lombardy, 
one-quarter  in  Piedmont,  and  one-ninth  in  Venetia.  It  appears  also,  according  to  Carletti 
and  Penisini  (1908),  that  endemic  cretinisiji  is  caused  by  goitrous  condition  of  the  mother, 
a  fact  which  allows  one  to  hope  that  it  may  be  cured  by  the  use  of  thyroiodine  diuing 
pregnancy. 

VVith  silver  nitrate  the  ions  of  soluble  iodides  form  silver  iodide,  a  yellow 
substance,  insoluble  in  ammonia,  in  which  silver  chloride  is  soluble  and  silver 
bromide  somewhat  soluble. 

The  physiological  effect  of  iodides  is  to  accelerate  the  metabolism  o"  the 
organism.  In  very  large  doses  they  produce  catarrhal  inflammation  of  the 
iiucous  membranes ;  on  prolonged  use  they  may  produce  nervous  disturb- 
ances. Iodine  salts  remove  inflammation  and  swelling  of  the  glands,  but  with 
corresponding  enfeeblement  of  the  system. 

USES  OF  IODINE.  Iodine  is  used  in  large  quantities  for  photographic 
preparations  (Agl  and  KI)  and  in  the  manufacture  of  various  dyestuffs 
(tetraiodofluorescein,  iodine  green,  iodine  violet,  cyanine,  &c.).  It  is  used 
medicinally  as  tincture  of  iodine  and  as  potassium  iodide  ;  in  the  chemical 
laboratory  it  is  used  for  various  preparations,  such  as  iodoform,  iodole,  methyl 
and  ethyl  iodide,  hydriodic  acid,  &c. 

STATISTICS  AND  PRICES.  The  European  production  of  iodine  is  now  180  tons 
P^  year.     In  1876  only  sixty  tons  in  England  and  forty  tons  in  France  were  obtained 

*  Hildebrand  and  Glascock  (1000)  have  shown  by  cryoscopic  experiments  that  the  violet  solutions  of  iodine 
*^^  true  lolutioDS  ot  iodine,  whilst  tlie  brown  solutions  are  solutions  of  a  labile  combination  of  iodine  with  the 
•oJveut,  . 


162  INORGANIC    CHEMISTRY 

from  kelp.  Germany  imported  377  tona  in  1905  ;  297  tons  in  1906  ;  194-2  tons  in  1908  ; 
and  360-3  tons  in  1909.  On  the  other  hand,  it  exported  269  tons  in  1905;  46  tonain  1906  ; 
50-7  tons  in  1908  ;   and  S9'2  tons  in  1909. 

In  South  America  the  Chilian  nitrato  works  produced : 

In  1879  :      77  tons  of  iodine  of  the  value  of  £220,000. 

1891:425  „  „  „  £840,000  (about  £20  per  ton). 

1900:690  ..  „  „  £800,000  (about  £13 12*  per  ton). 

1904:   460  tons. 
Japan  exported  1*8  tone  in  1002,  15  tons  in  1903,  30  tons  in  1004,  and  about  SO  tona 
in  1005  ;  the  greater  portion  is  sent  to  the  EngUah  market 

To  prevent  a  fall  in  prices  an  international  syndicate  has  tieen  formed  which  tegulBt«s 
the  production  by  allowing  it  to  be  sold  to  those  customers  only  who  resell  at  a  high  prioe, 
and  thus  the  price  has  been  forced  up  to  £1  138.  Id.  per  kilo.  But  Japanese  iodine  is  now 
appearing  on  the  market  at  competitive  prices.  Italy  imported  32'4  tons  of  bromine  ajid 
iodine  together  in  1904,  38-1  tons  of  iodine  in  1906,  21  tons  in  1907,  and  17-8  tons  in  1908 
of  the  value  of  £16,664. 

INDUSTRIAL  PREPARATION.  Iodine  is  scarcely  ever  prepared 
in  the  laboratory  nowadays,  as  the  industrially  prepared  product,  previously 
p ur ified  by  repeated subhmation 
{vide  infra),  is  employed.  Cer- 
tain marine  organisms  accumu- 
late iodine  compounds,  espe- 
cially certain  algae  which  are 
thrown  up  by  the  waves  on 
to  the  shore.  In  Japan  these 
are  worked  up,  especially  the 
laminaria,  containing  0144 
•  per  cent,  of  iodine  ;  ecktonta 
eatw, containing  0-140  per  cent. ; 
ecklonia  bicyclis  and  Sar- 
gaasum  homeri  and  •pakfoa,  all 
P^  52  '^^    which    contain    less    than 

frOOS  per  cent. 
In  Scotland  the  ashes  ol  such  algte  are  called  kel'p,  in  Nonnandy  varcc, 
and  they  contain  KjCOj,  NajCOg,  K,SO,,  KCl,  NaCl,  sulphites,  thiosulphates, 
and  Nal.  One  thousand  kilos  of  varec  give  as  much  as  102  kilos  of  iodine,  but 
during  incineration  (even  when  incomplete)  of  the  algte,  iodine  is  often  lost.  The 
ashes  are  extracted  with  water  and  the  solution  concentrated  ;  NaCl  and  KCl 
separate  first,  and  the  sulphides  and  sulphites  are  then  decomposed  with 
sulphuric  acid,  with  separation  of  sulphur.  In  one  of  Patterson's  works 
the  recovered  sulphur  amounted  to  as  much  as  100  tons  per  annum.  The 
mother  liquors,  containing  much  iodine,  are  distilled  together  with  MnOj 
and  HgSOi  by  one  of  the  following  methods  : 

Two  different  forms  of  plant  are  in  use  on  the  largo  scale.  The  first  conBists  of  a  aeriea 
of  cast-iron  pans  of  1-5  metres  diameter  (Fig.  62),  with  leiwi  covers,  in  which  the  mother 
li<)uors  and  sutplmric  add  are  heated.  The  distillate  is  collected  and  condensed  in  a  series 
of  live  earthenware  receivers  (75  x  30  cms. )  which  are  bottle-shaped  and  fit  into  one  another. 
The  manganese  dioxide  is  added  a  little  at  a  time,  and  the  operation  is  finished  when  no 
further  violet-red  vapours  arc  evolved  on  adding  a  tittle  more  of  this  substance.  About 
.  70  kilos  of  iodine  collect  in  each  receiver  in  the  form  of  crusts  which  can  be  detached 
and  removed  through  the  wider  apertiue. 

In  many  processes  and  in  many  chemical  industries  iodides  of  Na,  K,  and  Mg  are  obtained 
as  by-products.  In  order  to  utilise  these  compounds  they  are  trcat<^  in  aqueous  solution 
with  a  quantity  of  chlorine  exactly  corresponding  to  the  amount  of  iodine  present  (Barruel'a 
method) :  KI  -f  CI  =  KCl  -^  I,  and  the  free  iodine  which  is  formed  is  collected  in  the  solid 
form  at  the  surface  or  at  the  bottom  of  the  vessel.    If  too  little  cMorine  is  used  a  small 
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quantity  of  iodide  remains  which  holds  a  portion  of  the  iodine  in  eolution.  and  escapes 
recovery.  With  exoe«8ot  chlorine,  iodine  chloride  is  formed,  together  with  iodates,  which 
»re  very  Bolublc. 

Both  in  the  distillation  process,  which  doos  not  yield  all  the  iodine,  and  in  the  chlorine 
process  improvements  have  boon  introduced. 

In  1880  Huller  and  B&ckel  proposed  an  apparatus  analogous  to  that  employed  in  the 
manufaoture  of  bromine.  In  a  tower  Ailed  with  coke  and  stones  (Pig.  53)  tho  iodide 
wlution  falls  from  above,  meeting  a  current  of  chlorine  and  superheated  steam  from 
below.     The  iodine  distils  and  is  condensed  in  spiral  condensers  at  the  side. 

Id  1860  B.  Wagner  proposed  to  acidify  with  sulphuric  acid  and  then  distil  in  presence 
uf  ferric  chloride : 

Nal  +  FeCl,  =  NaQ  +  FeCl,  +  I. 

In  this  case  the  formation  of  ClI,  which  is  a  source  of  loss,  would  be  avoided. 

Another  very  interesting  method,  which  would  eliminate  all  loss,  would  be  the  foUowing  : 
The  iodide  solntion  is  evaporated  to  dryness  and  then  treated  with 
twice  its  weight  of  water ;  sulphuric  acid  and  powdered  potassium 
dichromate  are  then  added  and  the  whole  well  stirred.  All  the 
iodine  separates  incrystaKwhichare  separated  from  the  liquid  and 
sablimed.    The  general  reaction  is  as  follows : 

6NbI  +  KjCtiOt  +  lOHjSO,  - 
K,Cr,(SO,),  +  6NaHS0,  +  7H,0   +  31,. 

Potaaalum  chromium     Add  Bodlnoi 
■ulphkte  slUphfttc 

In  1886  Vital!  advised  the  employment  of  an  analogous  reaction 
for  treating  the  ashea  of  alge  (varec)  in  some  direct  manner  ;  he 
advised  that  the  alge  should  be  soaked  in  potash  solution  before 
incineration,  in  order  to  lessen  the  loss  of  iodine  during  that  process. 
The  ashes  were  then  mixed  with  dichromate  and  heat«d  to  redness, 
when  the  iodine  distilled  over  : 

OKI  +  K,Gr,0,  -  Cr,0,  +  4K,0  +  31,. 

It  appears  that  the  yield  of  iodine  from  kelp  is  being  much 
improved  in  some  way,  with  simpler  manipulation. 

I.  Boirault  (Fr.  Pat.  393,66S  of  1907)  treats  aqueous  solu- 
lions  obtained  from  kelp  with  a  solution  of  copper  and  ferrous  sul-  Fio.  53. 

phatw  :   2KI  +  2CUSO4  +  2PeS0j  =  K^O,  +  Fc^SO(),  +  CuJ^ 

The  [B^pitated  cuprous  iodide  is  dried  and  decomposed  by  distillation  with  sulphuric 
acid  and  iron  oxide  :   Fe,0,  +  Cul  +  3H,80,  =CuSO,  +  aFeSO,^  3H,0  +  I. 

A  still  more  rational  method  consists  in  the  distillation  of  the  dry  algse  direct  from 
a  retort,  avoiding  incineration.  Tiiis  method  was  proposed  by  Standfort  in  1864,  and 
it  was  applied  in  a  largo  Glasgow  works.  From  100  tons  of  dry  algte  1-3  tons  of  iodine, 
more  than  28,300  cu.  metres  of  illuminating  gas  (100,000  cu.  ft.),  and  1025  litres  of 
paraffin  oil  were  obtained. 

As  a  further  improvement  the  direct  treatment  of  the  moist  algte  has  been  proposed, 
as  it  it  rains  during  the  drying  on  the  shore  a  portion  of  the  iodides  are  dissolved  and 
lost. 

In  South  America  (ChiU  and  Peru)  iodine  is  obtoined  from  crude  sodium  nitrate,  which 
sometimes  contains  0'2  per  cent,  in  tho  form  of  sodium  iodate,  NalOa,  and  a  little  Nal 
and  Mglp  The  mother  liquors  obtained  during  the  refinement  of  the  nitrate  contain  as 
much  as  0-5  per  cent,  of  iodine.  The  solutions  of  nitre  are  treated  with  disulphltc  or  with 
sulphurous  acid  solution  (Faur6,  1855) : 

2NaI0,  +  SH^SO,  =  3HjS04  +  2NaHS0,  +  H,0  +  I,. 

The  iodine  separates  as  a  solid  block  mass  ;  a  little  chlorine  water  is  then  added  to 
decompose  any  iodides  and  the  impure  iodine  is  collected  on  filters ;  it  contains  80  to 
85  per   cent,  of   iodine.     The   filtrates  are   then  used   to  again  extract  the  remaining 


^ 
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Instead  of  sulphurous  acid  the  use  of  nitrous  oxido,  NjOj,  has  been  propoBed,  obtained 
by  burning  a  mixture  of  five  parte  of  nitrate  with  one  part  of  carbon,  but  very  serious 
difDculties  were  encountered  in  practice. 

The  nitrate  mother  hquors  are  also  treated  on  a  large  Bcale  by  Beparatiiig 
the  iodine  in  the  form  o£  cuprous  Todide,  Cujij.  The  liquors  are  mixed  with 
sodium  disulphite  (or  ferrous  sulphate  or  calcium  sulphide)  and  copper 
sulphate  ;  the  iodine  separates  in  the  form  of  insoluble  cuprous  iodide  which 
is  marketed  directly  as  such  and  valued  according  to  its  contents  of  iodine 
and  of  copper.  In  1873  a  single  works  in  Tarapaca  produced  15  tons  of 
copper  iodide  and  50  tons  in  1874.  This  method  is  suited  to  the  separation 
of  iodine  from  very  dilute  solutions  of  iodides.  The  iodine  may  also  be 
separated  as  lead  iodide.* 

The  aablimatiim  of  crude  iodine  is  used  for  its  purification,  and  is  carried 
out  in  a  terra-cotta  retort  immersed  in  a  sand-bath  (Fig.  54).      It  is  heated 
moderately  in  order  to  obtain  large  crystals  and 
ensure    complete  condensation    of    the   vapours. 
These  are  condensed    in   large   earthenware    re- 
ceivers   D,    provided    with    a    perforated     false 
bottom  to  remove  the  water  which  accompanies 
the  distillate.      Iodine  sublimed  in  this  way   is 
pure  and  only  contains  traces  of  water,  CI   and 
I   Br.    By  subliming  it  a  second  time  it  is  obtained 
1   in  a  very  pure  condition  (resublimed  iodine). 
^oM.  ANALYSIS   OF   IODINE.    Pure  reBublimed  iodine 

should  bo  completely  soluble  in  alcohol  and  in  potassium 
iodide  solution,  and  should  leave  no  residue  on  sublimation.  It  is  best  analysed  by  dis- 
solving 10  grms.  in  water  and  potassium  iodide,  making  up  to  one  litre  and  titrating 
50  c.c.  with  a  titrated  solution  of  sodium  thiosulphato,  using  starch  paste  as  an  indicator 
towards  the  end  of  the  reaction  (see  Analysis  of  Chlorine). 

HYDROGEN  COMPOUNDS  OF  THE  HALOGENS 
(HYDRACIDS) 

The  hydrogen  compounds  of  the  halogens  are  all  acids  and  are  called 
hydracids,  to  distinguish  them  from  another  category  of  acids  which  contain 
both  hydrogen  and  oxygen,  and  are  called  oxy-acids. 

Each  atom  of  the  four  elements  :  F,  CI., Br,  I,  combines  with  a  single  atom 
of  H,  forming  the  following  four  very  powerful  acids  : 

HF  HCI  HBr  HI 

Brdrabromtc  uid        HydrLodlc  add 


Their  refl.ctivity  diminishes  with  increitse  of  the  molecular  weight.  They 
are  all  gaseous,  but  are  readily  liquefied  by  refrigeration  or  pressiire.  In 
concentrated  aqueous  solution  they  fume  in  the  air,  because  the  small  quantitj' 
of  acid  which  evaporates  dissolves  in  the  water  vapour  in  the  atmosphere 
to  form  a  solution  which  is  more  dilute  and  has  a  lesser  vapour  tension  than 
the  more  concentrated  acid  from  which  it  is  formed  ;  it  is  therefore  obliged  (o 
condense  in  small  globules  which  fonu  a  cloud.  Dilute  solutions  of  these 
acids  do  not  fume  in  the  air,  because  the  acid  which  evaporates  spontaneously 
forms  solutions  with  the  moisture  of  the  atmosphere  which  are  more  con- 
centrated than  the  solutions  from  which  they  are  derived,  have  a  higher 

i;  thophoephortlcis  healed  Jnclmcdclumben^aad  Die  vapour*  muavciL 
Be  pboaplKirltc. 
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vapour  tension,  and  therefore  do  not  condense  in  globules.  In  dry  air  even 
the  concentrated  solutions  do  not  fume.  The  vapour  density  of  these  acids 
compared  with  hydrogen  corresponds  to  their  normal  molecular  weight. 
The  affinity  of  hydrogen  for  the  halogens  diminishes  with  increasing  atomic 
weight  of  the  latter.  HF  is  very  stable,  HCI  decomposes  at  1600**,  HBr 
already  at  800°,  and  HI  at  a  little  more  than  400°.  The  metallic  derivatives 
(salts)  of  the  halogens  behave  in  an  analogous  manner,  in  respect  to  their 
solability  and  stability. 

These  gaseous  acids  are  extremely  soluble  in  water  and  they  do  not  apparently  follow 
Henry's  law,  that  is,  the  greater  portion  of  the  add  dissolves  almost  independently  of  the 
pressure.  More  precisely  one  portion  of  the  add  dissolved  in  the  water  is  dissodated  into 
its  component  ions,  and  this  portion  does  not  follow  Henry's  law  as  it  is  no  longer  a  gas 
and  has  no  longer  the  same  composition  as  the  original  acid  ;  the  other  portion  is  dissolved 
without  dissodation,  and  this  portion  does  obey  the  above-mentioned  law.  In  the  typical 
case  of  hydrochloric  add  we  observe  that  whilst  the  pure  anhydrous  add  boils  at  -  83®, 
and  water  at  100°,  when  the  add  and  water  are  mixed  in  various  proportions  a  liquid  does 
not  always  result  which  boils  at  an  intermediate  temperature  (between*  -83°  and  100°), 
but  that  the  boiling-point  of  dilute  solutions  containing  less  than  30  per  cent,  of  HCI 
is  higher  than  100°,  and  that  a  20  per  cent,  solution  has  the  maximum  boiling-pQint  of 
110°.  If,  then,  a  concentrated  solution  of  hydrochloric  acid  is  distilled,  all  the  acid  which 
boils  at  lower  temperatures  than  110°  is  gradually  boiled  off  and  the  temperature  steadily 
rises  until  the  add  which  remains  contains  only  20  per  cent,  of  HCI  (with  the  maximum 
boiling-point)  and  the  acid  which  now  distils  is  of  constant  composition.  Also  if,  on 
the  contrary,  an  add  containing  less  than  20  per  cent,  of  HCI  is  distilled  at  first  the  dis- 
tiUate  consists  of  add  boiling  at  a  lower  temperature  and  the  boiling-point  rises  in  this 
case  also  until  it  reaches  110°,  when  an  acid  containing  20  per  cent,  of  HCI  remains  and 
distils  unaltered.  It  might  be  supposed  that  this  acid,  boiling  at  a  constant  temperature, 
was  a  true  chemical  compound  of  water  and  acid,  to  which  the  formula  HCl.SHjO  could 
be  assigned,  but  this  is  not  the  case,  because  the  composition  of  the  acid  of  constant  boiling- 
point  varies  with  the  pressure  at  which  the  distillation  is  conducted.  In  fact  we  may 
state  generally  that  any  solution  of  a  gas  which  has  a  boiling-point  higher  than  those  of 
slightly  more  and  slightly  less  concentrated  solutions  will  distil  without  changing  its 
composition. 

HYDROFLUORIC  ACID  :    HF 

PROPERTIES.  Hydrofluoric  acid  is  a  colourless  gas  of  pungent  odour, 
fuming  in  the  air.  On  the  skin  it  produces  blisters  and  ulcerous  wounds, 
difficult  to  cure  ;.  these  should  be  at  once  washed  with  a  very  dilute  aqueous 
solution  of  ammonia.  It  is  strongly  poisonous,  and  when  inhaled  in  some 
quantity  is  sometimes  fatal.  The  symptoms  of  poisoning  with  this  acid  are 
nausea,  vomiting,  and  strong  salivation. 

In  the  cold  it  condenses  to  a  colourless  liquid  boiling  at  19' 5*^ ;  it  solidifies 
at  —102°  and  melts  at  — 92*5°.  On  heating  a  concentrated  aqueous  solution 
of  this  acid  it  first  evolves  pure  HF,  and  a  liquid  remains  which  distils  un- 
changed at  120°,  containing  38  per  cent,  of  HF  (corresponding  to  the  formula 
HF  -|-  2H2O,  see  above).  It  carbonises  sugar,  paper,  and  w^ood,  attacks 
glass  strongly  and  rapidly,  but  does  not  attack  paraffin  wax,  resin,  platinum, 
or  gold,  and  lead  only  slightly.  It  is  very  soluble  in  water,  and  the  solution, 
which  also  attacks  glass  strongly,  is  kept  in  vessels  of  platinum,  gold,  lead, 
or  guttapercha  (or  hard  rubber),  or  also  in  glass  vessels  lined  with  paraffin. 

Its  action  on  glass  is  shown  by  the  following  experiment.  Powdered  calcium  fluoride 
is  treated  with  an  excess  of  strong  sulphuric  acid  in  a  platinum  or  lead  capsule,  which  is 
covered  with  a  sheet  of  glass  covered  with  wax  in  which  words  or  figures  have  been  incised. 
The  reaction  takes  place  in  half  an  hour  even  in  the  cold.  The  gaseous  HF  leaves  an  opaque 
mark  where  it  has  attacked  the  glass  ;  in  aqueous  solution,  on  the  other  hand,  the  attacked 
portions  are  transparent. 

Hydrofluoric  acid  is  a  bad  conductor  of  electricity.     At  —  25°  it  does  not 
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attack  metals  or  non-metals  (except  the  alkali  metals).  It  combines 
energetically  with  anhydrides  (sulphuric  and  phosphoric  anhydrides,  &c.), 
and  displaces  all  the  other  halogens  from  their  salts.  It  reacts  energetically 
with  silicates  (glass)  and  on  silica,  dissolving  it  in  the  form  of  silicon  fluoride, 
SIF4: 

SiOa  +  4HF  =  SiF^  +  2H2O. 

From  the  electric  conductivity  of  sodium  fluoride  the  dibasicity  of  the 
acid  has  been  deduced  (1907)  and  it  should  now  be  written  H2F2  (vide  supra). 
Its  power  of  inversion  of  sugar  is  large. 

Whilst  the  other  halogen  salts  of  silver  are  insoluble  in  water,  silver  fluoride 
is  soluble.  On  the  contrary,  whilst  the  chloride,  bromide,  and  iodide  of 
calcium  are  easily  soluble  in  w^ater,  calcium  fluoride  is  insoluble.  The  heat  of 
formation  of  gaseous  HF  is  161*7  Kj.  (38,600  cals.),  and  its  heat  of  solution  is 
49-4  Kj.  (11,907  cals.). 

USES  OF  HYDROFLUORIC  ACID.  This  acid  is  used  in  glassworks 
to  mark  graduated  apparatus,  such  as  thermometers,  cylinders,  flasks,  &c. 
In  analytical  chemistry  it  is  used  for  decomposing  silicates  and  rendering 
them  soluble.  An  opaque  etching  on  glass  is  also  obtained  by  mixtures  of 
certain  soluble  fluorides  v^dth  other  white,  insoluble  substances. 

In  1899  Malinsky  proposed  the  use  of  hydrofluoric  acid  for  the  inversion  of  starch,  in 
order  to  transform  it  into  sugar  (glucose)  {see  vol.  ii.,  "  Organic  Chemistry  "). 

Hydrofluoric  acid  is  employed  in  large  quantity  in  the  manufacture  of 
spirit  from  cereals  by  Effront's  process  (see  vol.  ii.)-  I^  is  very  destructive 
to  vegetation,  and  is  a  potent  antiseptic. 

PRICES  OF  HYDROFLUORIC  ACID  AND  CONTAINING  VESSELS  FOR 
THE  SAME.  Commercial  fuming  hydrochloric  acid  ordinarily  contains  60  to  55  per 
cent,  of  HF  (30°  to  33°  B6.)  and  is  sold  at  8^.  to  9i.  per  kilo  or  in  large  quantities  at 
£2  4«.  to  £2  Ss.  per  100  kilos.  The  commercial  quality,  free  from  arsenic,  containing 
40  per  cent,  of  HF  (20°  B6.),  costs  lOd.  per  kilo  and  £2  12«.per  100  kilos.  The  purer  quality 
for  medical  use  costs  about  double.  Chemically  pure  fuming  HF,  distilled  in  platinum, 
costs  up  to  58,  per  kilo  ;  the  common  fuming  acid  for  writing  on  glass  costs  Is,  3(i.  per 
kilo. 

Guttapercha  bottles  for  holding  HF  of  100  c.c.  capacity  cost  Is,  3d.,  of  1000  cccapaciiy 
5^.  lOd.,  of  10  kilos  capacity  £2  Ss.,  and  of  40  kilos  capacity  up  to  £6. 

Ordinarily  the  greater  portion  of  the  HF  sold  is  kept  and  sent  out  in  receivers  of  lead 
or  of  lead-lined  iron.  Lead  vessels  of  5  kilos  capacity  cost  12«.,  of  40  kilos  capacity 
£1  6s,  The  proposal  has  recently  been  made  (1907)  to  store  and  send  out  hydrofluoric 
solutions  in  beer  barrels  internally  lined  with  pure  resin. 

A  single  factory  in  Vienna  produces  five  tons  of  hydrofluoric  acid  per  day.  The  official 
statistics  for  Italy  show  a  production  of  seventy  tons  in  1906  and  fifty  in  1907.  Perhaps 
these  figures  are  exaggerated  ;  however,  a  considerable  portion  is  produced  by  the  firm 
of  Carlo  Erba  in  Milan. 

PREPARATION.  Hydrofluoric  acid  was  first  prepared  in  the  pure  state 
as  a  liquid  by  Scopoli  in  1784  ;  he  preserved  it  in  internally  gilded  silver 
receivers,  but  did  not  know  its  chemical  composition.  In  1670  Schwankhald 
already  used  fluorspar  with  sulphuric  acid  for  polishing  glass. 

Hydrogen  combines  with  fluorine  even  in  the  dark,  and  this  reaction  takes 
place  much  more  readily  than  that  between  hydrogen  and  chlorine. 

In  1856  Fremy  prepared  anhydrous  hydrofluoric  acid  by  first  drying 
potassium  hydrogen  fluoride  KF.HF  at  100°  and  then  finally  for  fifteen  days  in 
a  desiccator  containing  strong  sulphuric  acid  and  fused  caustic  soda,  in  vacuo. 
The  dry  substance  was  then  distilled  from  a  platinum  retort  at  a  gentle  heat 
and  the  product  collected  in  platinum  receivers  cooled  with  snow  and  salt. 

Louyet  prepared  anhydrous  HF  by  heating  silver  fluoride  (AgF)  in  a  current 
of  hydrogen  :  AgF  +  H  =  Ag  +  HF. 
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Pute  HF  is  obtained  on  passing  a  current  of  hydrogen  sulphide  gas  over 
Jead  fluoride  :  PbF  +  H,S  =  2HF  +  PbS. 

Li  the  laboratory  it  is  commonly  prepared  by  distilling  powdered  calcium 
fluoride  with  excess  of  strong  sulphuric  acid  {see  below)  from  a  small  retort 
of  lead  or  platinum,  and  cooling  the  receiver  strongly  in  which  it  is  collected, 

INDUSTRIAL  MANUFACTURE.  Fluorspar  is  decomposed  by  strong 
sulphuric  acid  according  to  the  following  equation  : 

CaF,  +  H^Oi  =  CaSO*  +  2HF 
or  cryolite  by  sulphuric  acid  : 

2AlFs.3NaF  +  eH^SO,  =  2NajS0^  +  2AlNa(S04)a  +  12HF. 

HF  is  ordinarily  prepared  industrially  in  horizontal  cast-iron    cylinders 
holding  a  charge  of  as  much  as  one  ton  of  powdered  calcium  fluoride  and  one 
ton  of  strong  sulphuric  acid  of  66°  B6.     The  acid,  which  is  evolved  on  heating 
gradually,  is  condensed  in  large  spiral  condensers  of  lead  and  collected  in 
lead  receivers,  and  has  a  concentration 
of  40°  B6.  (70  per  cent.  HF).     At  first 
silicon   fluoride;  SiF„   also   distils    and 
separates   gelatinous  silica   by  reacting 
with  water  in   the  first  receiver ;   this 
is  therefore  changed  shortly  after  the 
commencement  of  the  distillation. 

Hampel  adopted  tho  following  apparatmi 
(Fig.  65) :  A  cast-iron  retort  holding  the 
cha^e  (CaF,  +  H,80()  conunuoicates  by 
means  of  an  iron  tube  with  a  towor  filled 
with  wood-charcoal ;  this  is  surinount«d  by 
a  large  pan  with  a  perforated  bottom,  which 
JB  filled  with  water,  causing  a  fine  spray  to 
fall  on  to  the  carbon  below.  The  lowest 
portion  of  the  tower  is  cooled  by  a  lead  spiral 

through  which  cold  water  fiows  ;   this  cauaeB  Pio.  65. 

the  hydrofluoric  acid  to  condense  and  dissolve 

readily  and  tho  liquid  is  collected  in  a  separate  lead  receiver.  StAdeler  recommended 
bottles  of  guttapercha  as  being  economical  for  the  collection  and  preservation  of  hydro- 
fluoric acid,  but  it  has  been  found  that  in  time  they  contaminate  the  acid.  Ebonite 
bottles  are  better.  Veasela  of  metal  and  glass,  internally  coated  with  paraffin,  also  Bervo 
fairly  well. 

It  is  not  to  be  denied  that  even  with  well-closed  veaselB  a  little  HP  often  escapes,  which 
attacks  external  objects. 

If  the  hydrofluoric  acid  contains  H,8,  formed  by  sulphides  in  the  fluorspar,  it  becomes 
turbid  after  a  short  time  through  separation  of  sulphur. 

To  obtain  it  pure  for  laboratory  use,  starting  from  the  commercial  product,  the  lead 
is  tirst  removed  with  HjS,  and  fluosilio  aoid  then  removed  with  K,CO,  ;  it  is  then  Altered 
and  the  H^S  removed  with  silver  carbonate.  By  then  distilling  in  a  platinum  apparatus 
pure  HF  is  obtained. 

Thorpe  and  Hambly  distil  the  commercial  acid  with  potassium  permanganate,  and  then 
transfi»m  the  HF  into  hydrogen  potassium-  fluoride,  KHF,.  with  KjCO,  or  KOH  ;  they 
dry  the  HP.KF  and  distil  it,  collecting  the  hydrofluoric  acid  in  distilled  water, 

ANALYSIS  OF  HYDROFLUORIC  ACID.  A  given  quantity  is  removed  with  a 
pipette  internally  coated  with  wax,  the  capacity  of  which  has  been  previously  measured, 
and  is  treated  in  a  platinum  capsule  with  excess  of  normal  caustic  soda  solution  free 
from  carbonate  ;  the  excess  of  sodium  hydroxide  is  then  titrated  back  nith  normal 
HulphuHc  acid,  using  phenolphthalein  as  indicater  (tKif  litmus  or  methyl  orange). 
1  C.C.  N.NaOH  -  0-020  grms.  HF. 

Silicon  fluoride  is  often  present  as  an  impurity,  and  is  found  by  adding  potassium 
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acetate  to  a  given  quantity  of  the  hydrofluoric  acid  and  evaporating  it  to  dryness  on  the 
water-bath.  That  part  of  the  residue  which  is  insoluble  in  water  consists  of  potassium 
fluosilicate. 

HYDROCHLORIC  ACID:     HCl 

The  Arab  alchemists  employed  this  acid  mixed  with  nitric  acid,  as  aqiui  regia,  but  did 
not  know  it  in  the  pure  condition. 

The  aqua  regia  was  obtained  by  distilling  saltpetre,  ammonium  chloride,  and  iron 
sulphate. 

In  the  fifteenth  century  Basil  Valentine  described  hydrochloric  acid  for  the  first  time, 
calling  it  spirits  of  salt.  He  obtained  it  in  aqueous  solution  by  distilling  iron  sulphate 
and  NaCl. 

In  the  seventeenth  century  Glauber  obtained  it  by  distilling  NaCl  with  sulphuric  acid. 
Stephen  Hales  obtained  it  by  the  action  of  H2SO4  on  ammonium  chloride. 

Hydrochloric  acid  was  prepared  pure  by  Priestley,  who  considered  it  to  be  an  oxidised 
acid  of  murum,  as  chlorine  was  then  called,  and  therefore  named  it  muriatic  acid.  It  was 
not  until  1810  that  Davy  showed  that  hydrochloric  acid  was  a  hydrogen  derivative  of 
chlorine. 

This  acid  is  found  in  nature  in  volcanic  exhalations,  for  example,  in  those 
of  Vesuvius.  It  is  found  in  the  water  of  the  Vinagro  River  which  issues 
from  the  volcano  Purace,  in  tLe  Andes,  and  contains  O'llI  per  cent,  of  HCl, 
from  which  it  is  estimated  that  thirty  tons  of  this  acid  are  removed  by  the 
river  each  day.  It  has  also  been  found  in  an  acid  spring  near  the  volcano 
Paramo  de  Ruiz,  in  New  Granada,  the  water  of  which  contains  0*88  per  cent. 

Hydrochloric  acid  is  a  normal  constituent  of  the  gastric  juices  of  all  mammals 
and  serves  an  important  function  in  digestion.  The  gastric  juice  of  the  dog 
contains  3  per  cent. ;  that  of  man  from  0*06  to  0*32  per  cent. 

PHYSICAL  PROPERTIES.  Hydrochloric  acid  is  a  colourless  gas  of 
acrid,  pungent  odour,  which  fumes  in  the  air.  Its  critical  temperature  is 
52"  3°,  and  its  critical  pressure  86  atmospheres.  When  liquefied  it  has  a  specific 
gravity  of  083  at  16°  ;  it  is  solid  at  -  115°,  and  boils  at  -  83°.  In  1846 
i^'araday  liquefied  it  for  the  first  time,  under  pressure,  with  a  mixture  of  solid 
carbon  dioxide  and  ether. 

The  density  of  the  vapours  or  gas  of  hydrochloric  acid,  compared  with 
air,  is  1*26  at  0°  and  760  mm.  pressure,  and  a  litre  of  the  gas  weighs  1*6288 
grms.  It  colours  blue  litmus  paper  red.  It  readUy  dissolves  in  w^ater  in 
the  proportion  of  450  vols,  in  1  vol.  of  water. 

Aqueous  hydrochloric  acid  saturated  at  15°  contains  43  per  cent,  of  HCl, 
and  its  specific  gravity  is  1*212.  On  distilling  the  concentrated  aqueous 
solution  much  HCl  is  first  evolved,  and  then  at  110°  an  acid  of  constant 
composition  (about  20  per  cent.  HCl,  see  p.  155)  distils,  which  corresponds 
to  the  composition  HCl  +  SHgO.  The  ordinary  commercial  hydrochloric  acid 
contains  36  per  cent,  of  HCl. 

In  the  gaseous  state  it  is  absorbed  by  wood  charcoal  with  development 
of  heat ;   1  vol.  of  charcoal  absorbs  165  vols. 

One  volume  of  alcohol  of  sp.  gr.  0836  dissolves  327  vols.,  and  the  volume 
of  the  alcohol  is  increased  to  1*324  vols. 

Hydrochloric  acid  also  dissolves  in  methyl  alcohol,  ether,  ethane,  benzene, 
xylene,  &c.  An  alcohoHc  solution  of  HCl  has  only  one-sixteenth  of  the  electric 
conductivity  of  the  aqueous  solution,  because  in  the  former  solution  the  acid 
is  much  less  dissociated  into  its  ions. 

CHEMICAL  PROPERTIES.  Electrolysis  shows  that  HCl  is  composed 
of  1  vol.  of  chlorine  and  1  vol.  of  hydrogen. 

It  is  not  combustible,  and  is  not  a  supporter  of  combustion,  excepting 
with  sodium  and  some  other  metals,  when  they  are  once  burning.  When 
concentrated  hydrochloric  acid  is  saturated  with  gaseous  HCl  at  —  22°, 
crystals  of  a  hydrate,  HCl.^HgO,  separate,  which  melt  at  18°,  with  evolution 
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of  HCl.  On  mixing  two  parts  of  snow  with  one  part  of  concentrated  com- 
mercial HCl,  the  temperature  is  lowered  by  16°.  Aqita  regia  is  formed  by 
mixing  3  vols,  of  HCl  with  1  vol.  of  concentrated  HNOs,  ^^^  dissolves  all 
tlie  metals,  including  gold  and  platinum. 

When  dissolved  in  wat«r  hydrochloric  acid  is  a  strong  monobasic  acid 
^'hich  readily  dissolves  the  alkali  and  alkali  earth  metals  and  also  Mg,  Zn, 
Cd,  and  Fe  at  the  ordinary  temperature,  with  evolution  of  hydrogen.  When 
heated  it  dissolves  Pb,  Cu,  and  Hg,  with  evolution  of  pure  hydrogen.  In  all 
these  cases  the  corresponding  chlorides  are  formed,  which  may  also  be  obtained 
by  the  action  of  HCl  on  the  metallic  oxides  and  carbonates.  The  metallic 
chlorides  are  almost  all  soluble  in  water,  with  the  exception  of  AgCl,  HggClj, 
and  CU2CI2,  and  also  PbClg,  which  is  only  slightly  soluble.  At  a  red  heat 
almost  all  the  metallic  chlorides  are  volatile,  excepting  those  of  Au,  Pt,  and 
Ir,  which  are  decomposed. 

AnhydrotLS  liquid  hydrochloric  acid  is  a  transparent,  colourless,  rather 
mobile  liquid  which  has  no  action  on  metals,  even  oii  Zn,  Mg,  and  Fe,  although 
they  are  easily  attacked  by  its  aqueous  solution.  With  aluminium  powder, 
however,  hydrogen  is  evolved ;  if  pure  it  does  not  react  with  calcium  oxide, 
with  sulphides,  or  with  metallic  carbonates,  nor  does  it  even  redden  dry 
litmus  paper. 

HCl  acts  as  a  poison  on  plants;  and  air  containing  only  3' 5  parts  per 
thousand  is  fatal  to  many  animals.  Human  beings  cannot  for  long  tolerate 
the  respiration  of  air  containing  1*5  parts  per  thousand  of  HCl. 

USES  OF  HYDROCHLORIC  ACID.  Hydrochloric  acid  is  often  used 
for  the  preparation  of  chlorine,  ammonium  chloride,  and  many  other  chlorides, 
for  the  purification  of  animal  charcoal  from  carbonates,  for  the  manufacture 
of  glue,  and  for  etching.  It  is  also  used  for  the  preparation  of  carbon  dioxide, 
the  extraction  of  cupriferous  minerals,  and  for  other  metallurgical  purposes. 
Large  quantities  are  used  by  manufacturers  of  dyestu£fs  and  pigments,  and 
also  for  the  manufacture  of  many  chlorinated  organic  chemicals. 

STATISTICS  AND  PRICES.  In  1896  the  European  production  of  hydrochloric 
acid  was  about  two  million  tons,  of  which  half  was  produced  in  England,  which  in 
1908  contained  sixty-five  works.  In  1882  Germany  produced  and  consumed  148,450 
tons,  in  1901  about  300,000  tons,  and  in  1906  350,000  tons  of  the  value  of  £800,000.  In  1909 
Germany  imported  4923  tons  of  hydrochloric  acid  and  exported  15,992  tons.  In  1908 
Ruiisia  produced  50,000  tons.  In  Italy  the  production  of  hydrochloric  acid  amounted 
to  4600  tons  in  1893  ;  8680  tons  in  1903  ;  11,170  tons  in  1905  ;  12,021  tons  in  1906; 
and  attained  14,160  tons  in  1907,  of  the  value  of  £32,000.  Italy  imported  96  tons 
in  1906  and  218  tons  in  1908.  It  is  a  notable  fact  that  the  price  of  hydrochloric  acid  has 
occasionally  exceeded  that  of  sulphuric  acid.  In  small  quantities  the  price  of  crude 
hydrochloric  acid  of  20°  B6.  (32  per  cent.  HQ)  is  3«.  9d,  to  4«.  2d.  per  cwt.,  and  in 
large  quantities  as  little  as  £1  128.  per  ton  ;  acid  free  from  arsenic  and  sulphuric  acid  costs 
£4  16«.,  chemically  pure  acid  of  sp.  gr.  1*19  (23^^  B6.)  as  much  as  £14,  and  the  same  of 
19°  B6.  about  £10  per  ton.* 

PREPARATION  IN  THE  LABORATORY.  Equal  volumes  of  chlorine  and  hydrogen 
combine  at  150° ;  they  also  combine  at  the  ordinary  temperature  under  the  influence 
of  the  electric  discharge,  or  in  contact  with  spongy  platinum,  or  under  the  influence  of 
chemically  active  light  rays,  for  instance,  sunlight  or  the  light  obtained  by  burning  a 
mixture  of  nitric  oxide  and  carbon  disulphide  vapour,  or  by  burning  magnesium.  The  com- 
bination occurs  with  development  of  heat  and  light.  Hydrogen  burns  in  an  atmosphere  of 
chlorine  yielding  HCl.  Various  chlorides  of  the  non-metals  decompose  with  water  at  the 
ordinary  temperature  giving  HCl,  e.g.  the  chlorides  of  S,  N,  P,  Sb,  Bi,  and  Si.     Thus 

PCI,  -I-  H,0  =  POCI3  +  2HC1. 

*  The  condensing  plant  tor  hydrochloric  acid  from  a  works  treating  400  kilos  of  salt  in  twenty-four  hours, 
divided  Into  two  parts — one  for  the  acid  from  the  muffle-furnace,  the  other  for  that  from  the  pans — with  conden- 
sing and  refrigerating  towers  and  108  receivers  of  300  litres  capacity  (54  for  each  battery),  do.,  costs  in  all,  lu 
stoneware,  about  £480. 
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HC3  is  a)so  formed  when  certain  organic  compounds  containing  chlorine  are  burnt  ; 
thus  on  soaking  a  little  cotton  wool  in  a  mixture  of  alcohol  and  chloroform  and  setling 
fire  to  it  tho  vapours  which  arc  formed  contain  hydrochloric  acid,  recognisable  by  its 
action  on  litmus  paper,  which  is  formed  from  the  hydrogen  and  chlorine  of  the  organic 
substances. 

mten  metallic  chlorides  are  heated  with  strong  acide  HCl  is  formed. 
The  ordinary  method  of  preparation  is  based  on  the  action  of  sulphuric 
acid  on  NaCl.     At  comparatively  low  temperatures  the  first  phase  of  the 
reaction  takes  place  : 

NaCl  +  HjSO*  =  NaHSO*  +  HCl. 
On  then  heating  up  to  redness  there  is  the  further  reaction  : 
NaHSO*  +  NaCl  =  Na^O,  +  HCl, 

In  the  laboratory  HCl  i^< 
prepared  as  follows,  using 
the  first  phase  of  the  re- 
action : 

The  sulphuric  acid  and  salt 
are  placed  in  a  flask  heated  on 
a  sand-bath  (Pig.  66),  and  the 
escaping  HCl  gas  is  passed  over 
the  surface  of  water  in  the 
three  Woulff's  bottles  unitCMJ 
by  tubing  above  and  also  by 
side  tubes  below,  through  which 
a  current  of  water  flows  in  a 
contrary  direction  Ui  tho  ga.^ 
A  concentrsit«d  HCl  solution 
is  thus  obtained  and  the 
escaping  gas  is  condensed  in 
a  tower  filled  with  porous 
material  down  which  water  if 
passed.  The  dilute  solution  so 
obtained  is  continuously  con- 
centrated by  passing  through 
Fii,   5((  the    three   Woulff's   bottles,  in 

the  first  of  which,  containing 
the  largest  quantity  of  gas,  concentrated  aqueous  HCl  is  formed. 

INDUSTRIAL  MANUFACTURE  OF  HYDROCHLORIC  ACID.  Until 
the  commencement  of  the  nineteenth  century  this  substance  was  prepared  by 
distilling  sulphuric  acid  with  sodium  chloride  in  cylindrical  cast-iron  retorts 
and  absorbing  the  hydrochloric  acid  gas  which  was  evolved  in  a  battery  of 
receivers  with  two  necks,  half  full  of  water.  In  certain  localities  this  method 
is  still  used  for  small  scale  production,  but  the  greater  part  of  the  hydrochloric 
acid  is  now  obtainc<l  as  a  secondary  product  in  the  manufacture  of  sodium 
sulphate,  which  is  itself  used  in  the  manufacture  of  sodium  carbonate  by 
the  Leblanc  process. 

The  reaction  of  the  M^SO,  on  NaCl  takes  place  in  two  phases  in  the  so-called  sail- 
cake  furnaces.  The  first  phase  takes  place  at  a  moderate,  rclativelylow  ti^mperature  in  a 
compartment  of  the  furnace  of  which  the  bottom  is  formed  by  a  pan  of  lead  or  cast-iron 
which  is  healed  n»oderat<ily  by  the  hot  gases  from  the  hearth  (Fig.  57).  Into  this  iianan' 
introduced  the  salt  and  the  corr<'!<pi>nding  quantity  of  sulphuric  acid  of  52°  B^.  or  even 
62°  Bi.  On  heating,  tho  mass  liqucfiea  and  simultaneously  develops  the  first  part  of  ihe 
HCl,becomingdcnscr,until8odiumdisulphateremains:  NaO  -f  HjSO,  =  NaHS04+  HCl. 
1^0  gas  is  passed  through  long  earthenware  pipes  which  communicate  with  a  batter; 
of  double-necked  earthenware  receivers  (bojAonnts,  touHlUa),  illustrated  in  Figs.  60  aod  CI. 
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When  the  central  pan  no  longer  developa  HCl,  which  is  shown  by  the  lower  temperature  o( 
the  deUvery  pipes,  the  pasty  masa  ia  passed  into  two  lateral  coinpartments  of  the  furnace, 
where  it  is  heated  to  redness  by  the  direct  action  of  the  flame  and  furnace  gases.  The 
dianlphate  (sodium  hydrogen  sulphate)  formed  in  the  pan  reacts  at  this  temperature  with 
the  remaining  portion  of  the  Nad,  and  the  second  phase  of  the  reaction  occurs  with  forma- 
tion of  hydrochloric  add  and  neutral  sodium  sulphate :  NaHSO,  +-NaCl  -  Na^O«  +  HQ. 
In  this  portion  of  the  furnace  it  is  necessary  to  stir  tho  mass  by  means  of  suitable  iron  tools, 
which  are  introduced  through  the  openings  shown  in  Fig.  67  ;  the  gas  is  thus  completely 

evolved.  The  hydrochloric  add 
developed  during  this  second 
phase  is  much  less  piwe,  being 
mixed  with  the  furnace  gases, 
I  and  is,  therefore,  condensed  in  a 
separate  battery  of  receiver* 
'  (see  Figs.  59  and  60).  These 
furnaces  with  direct  flame  are 
called  reverberalory  furtuKe*. 

In  modem  furnaces  the  com- 
partment where  the  seoond 
phase  takes  place  is  arranged 
as  a  muffle  fumaee  (Fig.  68} 
with  a  reverberstory  arch,  B. 
These  mufBes  do  not  communi- 
Fio.  G7.  cate  directly  with  the   hearth, 

but  are  indirectly  heated  from 
outside,  as  the  furnace  gases  torn  and  pass  between  the  double  walls  of  brickwork,  /.  By 
means  of  muffle  fumaoee  the  advantage  is  gained  that  the  HCl  is  obtained  in  a  stronger 
and  purer  condition,  and  is,  therefore,  absorbed  more  easily,  whilst  in  the  old  furnaces 
with  direct  flame  it  was  obtained  mixed  with  all  the  products  of  combustion  and  with  air, 
which  rendered  it  difficult  to  absorb  it  completely.  The  hot  gases  from  the  hearth,  a, 
after  heating  the  muffle,  pass  under  it  and  through  the  flue,  g,  and  then  heat  the  pan, 
in  which  the  first  phase  of  the 
reaction  takes  place,  before  passing 
away  to  the  chinmoy  through  g.' 

The  add  is  absorbed  in  a  bat- 
tery of  reoeivers  communicating 
with  tMw  another  as  ia  seen  in 
Kg.  SB,  which  illustrates  a  com- 
plete hydrochloric  add  plant,  and 
in  whioh  we  see  the  long  delivery 
pipe  from  the  pan,  the  other 
deUvery  pipe  from  the  muffle,  the 
first    oondensing    and     purifying 

tower,^,  where  the  sulphuric  add  FM'  58 

Mrried  over  by  the  gases  is  caught, 

and  the  gases  which  issue  from  the  furnace  at  a  temperature  of  200°  to  200°  are 
cooled  ;  then  follow  the  reoeivers,  which  are  fed  with  a  continuous  slieam  of  water  from  the 
final  oondensing  towers,  which  absorb  the  lost  traces  of  HCl  by  means  of  a  water-spray 
before  the  gases  pass  away  into  the  atmosphere.'    Even  when  muffle  furnaces  are  used 

'  A  nUontl  method  of  nniformlj'  dlstiibuttng  tbe  liot  tnnucij  gasea  under  Ihe  pan  vu  propoted  in  ISM  bj 
Tta.  Mirer,  tiued  on  the  nme  principls  u  hii  tiDgcnllnllead  chumbaiB  (let  brlaw,  Sulphuric  Acid  MkDuCutim). 

*  LtffiMaUim  regarding  h^drvf/iiorie  acid  vorkt.  During  tbo  flrat  period  of  Itio  zwinufiLctiire  ol  Bodiom  auipluto 
t«  hm  in  tba  miDufutore  ot  csrboDste  tba  HCl  wu  not  utilised  and  wag  ulloHsd  to  put  amylDto  the  itmo- 
■Plraa.  Tba  complniati  which  aroae  In  ttia  nclgtaboorbood  ol  these  norliii  induced  the  miDulacliiren,  npecLsily 
in  KD(laiid,  Co  sect  very  high  chlmneyB,  In  ths  hope  tlixt  the  Ha  when  c&rricd  to  ■  gitat  height  nonid  mix  wllti 
"TT  EDDBh  air  and  caoie  no  more  trouble  (at  3t.  Rolloi  a  ciiinmey  150  metrea  high  was  cootrncted).  But  thtu 
lupca  vna  not  realiifd,  becaute  the  HO,  being  bailer  than  air,  cedeBcended  to  earth,  extending  otst  (he  adja- 
cent Rmntt]' aa  a  thlcli  mist  and  cauiing  aeriooa  damage,  etpeclally  to  vcgelatlon.  The  mBDUfactnitrt  sere  obliged 
to  coadeue  tba  HCl  In  order  to  remove  the  nulunce,  and  a>  at  that  time  they  had  no  uae  for  the  product,  they 
pawd  the  fiunes  through  long  channels  In  which  they  were  waaheil  with  water.  But  a  laige  portion  of  Ihe  gai 
■till  eacaped  Into  the  atmotpbiTe,  and  Ibe  diiaotved  portion  was  also  largely  given  oD  *;aln  as  iamtt.  In  1S3S 
0«BgeSntprop(«dlheabiarptloaol  the  BCIlDa  rat  lonalicannerlntCDdeuingtoii  era  ailed  with  BSkemolittnci] 
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the  acid  is  absorbed  in  two  batteries  of  receivers  as  the  HCl  from  the  pan  is  purer  than  thai 
from  the  mufQes.  The  most  concentrated  acid,  which  collects  in  the  first  receivers,  attains 
ft  density  of  20°  to  22°  B6.  and  is  thus  placed  on  tlie  market.  The  acid  which  collects  at 
the  base  of  the  towera  has  a  density  of  7°  (o  8°  Bi.,  and  is  passed  into  the  receivers,  where 
it  travels  in  the  reverse  direction  to  the  gases  coming  from  the  furnaces.  Figs.  60  and  61 
illustrate  a  couple  of  receivers  as  commonly  employed.  Thoy  are  made  of  add-real eting 
stoneware,  and  the  tubes  uniting  f  hem  with  one  another  are  entirely  of  the  same  material 
and  composed  of  several  superposed  pieces  with  rims  which  hold  sufficient  water  to  form 
a  hydcaolio  seal.  For  the  absorption  stone  towers  with  tarred  walla  may  also  be  employed, 
and  filled  with  coke,  layers  of  perforated  earthenware  discs,  or  earthenware  balls.  A  spray 
of  water  falls  from  the  top  of  the  tower,  dissolves  the  acid  which  ascends  from  the  baao, 
and  collects  at  the  base  after  absorption,  being  led  from  there  into   "  —      - 


Fio.  59. 


of  the  receivers  has  also  been  much  modified  of  recent  years,  the  form  which  has  given  the 

best  results  having  been  proposed  by  Cellarius  and  iierfected  by  Th.  Meyer  in  1901  (Fig.  62), 
and  constructed  entirely  in  stoneware  ;  this  form  gives  the  masimum  cooling  and  absorbing 
effect  with  the  minimum  quantity  of  water,  because  its  arched  shape  allows  of  the  largest 


[om  above  witli  ft  spnf  Dt  witter.  The  candrimtion  wu  much  bcltn 
iTCgular  aupeivlalori ;   on  tbe  alhu  band,  Iho  production  ol  aodlum 
bfl  absolute  quantity  of  hydrochloric  In  the  atmuplLCro  romaluod  unaKcri 
ondensnl.    The  cnntinuance  □[  thoe  nulBanria  led  to  complalnU  whieh 


Oam*  coinpulwir)'.  as  in  tb 

76-8S  kilo.  oJ  hydrochlotig 

romlOOk 

kvengfl  120-lM  klloa. 

In  England  a  law  wae  pi 

Bed  in  1863  which  1 

cent,  of  the  hydrochloric  lU, 

nbyaiuir, 

..oltheHClprodi 

«lw»aa] 

SS  pec  tent.      But  the  lot 

8P.  Of  HCl  from  Ih 

fuinaQi's 

and  r 

ro  than  aC,mo8t  0*i  grm 


nnplete,  owfnn  tn 

h  an  extent  that 

hat  It  waa  tafgtiy 

italed  ratrictiTo  Icglalation.    In 

t  In  1H70.  ttie  ume  works  obuined  on  th^ 

>ni  the  condensinB  towera  ol  mote  than  S  pn 
gsaes  entering  and  iHuiog  (ram  the  lowFr. 
legialaloni,  for  it  waa  lonnd  that  in  very  If" 
PKape.  whllat  brforehand  they  bad  loat  IS  tn 
Ivers  were  not  included,  only  thtBC  Ironi  (hi" 
n  1874,  and  It  was  laid  dawn  that  t  he  famu  fiom  the  clUnioi'S-H 
Bwers  were  cairlPd  away,  might  not  contain  moro  than  0-i  icnii. 
n  that  in  the  Eugliah  works  to-day  the  neaping  gages  da  not 
rfe  metre.    In  Enjiland,  In  1803, 1173  chemical  works  were  beiog     . 


n  Germany,  on  the  contrary,  no  law  renulatlng  this  industry  eiisia 
n  rationally  and  were  entirely  loteiptited  In  utilising  the  HCl  as  fara 
I  a  value  which  alone  peimlla  many  Leblanc  aoda  works  to  exist  i 


lace  of  the  comptiKlan 


.  theii 
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nater  surface.     It  is  80  cms.  long,  50  cm?,  broad,  and  SOcmf.  btgh,  andcontaios251itreBot 

liquid  and  45  litres  of  gas.    Under  the  iatemal  arch  there  is  a  stoneware  ridge  or  crest  a 

few  centimetres  high  and  extending  along  about  two-thirda  of  the  length  of  the  receiver, 

shown  in  black  in  the  longitudinal  section  (Fig. 

63)  i   this  forces  the  water  which  enters  nt  a  lo   ' 

traverse  the  full  length  of  the  receiver  and  back   ' 

again  lo  the  outlet,  6,  along  the   other  side, 

passing  over  the  point  where  the  crest  is  tacking. 

The  MCI  gaa  enters  and  issnea  by  the  openings  <: 

and  d,  thus  passing  over  the  surface  of  the  water. 

These  vessel^  which  have  tt  surface  of  1  sq.  metre, 

are  united  with  one  another  by  curved  tubes  aa 

phowa  in  Fig.  64,  and  are  kept  cool  by  being 

immersed  two  by  two  in  TesseJs  in  which  water 

circnlatee,  and  in  this  manner  each  jar  has  the 

same  efficienoy  aa  two  or  even  three  of  the  old 

lype  of  receiver.     In  order  to  cool  the  gaa  which 

issues  from   the  furnace,  before  it  enters  the 

absorption  battery  it  la  paased  through  a  battery 

of  empty  coolers,  shaped,  according  to  Uebel, 

IikeinvertedCellariuareceivers,aB  seen  in  Pig.85.  p      ^ 

Between  the  coaling  and  absorbing  batteriea  a 

tower  of  finely  divided  material  may  be  advantageously  in8ert«d,  in  order  to  filter  the 

gsaee  and  free  them  in  great  part  from  the  impurities,  Kulphuric  acid,  arsenic,  iron,  and 

wlenium.    If  little  space  is  available  these  batteries  are  formed  of  superposed  jars. 


Fio-  63. 

In  the  furnaces  with  direct  flauie  35  to  40  kiloa  of  coal  were  used  per  100  kiloa  of 
Xa^Oj,  whilat  in  the  muffle  furnaces  only  30  to  35  kilos  are  used,  because  the  heat  is  better 
utilised,  and  the  product  is  also  superior.  In  certain  modern  mechanical  furnacea  tto 
consumption  of  fuel  ia  lowered  to  one  half  {see  Soda,  Part  III). 

The  Hargrtaves  process  tor  the  manufacture  of  HCl  was  proposed  in  18.50, 
"as  improved  by  Robinson,  and  since  1870  lias  found  induslrial  application. 
It  is  based  on  the  direct  action  of  sulphur  dioxide  (SO^)  on  eodium  chloride 
in  presence  of  steara  and  ot  atmospheric  oxygen  :  2NaCl  +  SOj  +  HjO  +  0  = 
=  Na,804  +  2HCI. 

This  method  is  advantageous  when  applied  to   continuous  working  on 
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a  very  large  scale.  The  salt  is  introduced,  moistened ' and  compreaeed  into 
cakes,  into  a  battery  of  eight  to  twelve  cast-iron  cyUnders,  5  metres  in 
diameter  and  4  metres  high.  Below  the  perforated  false  bottom  of  these 
cylinders  sulphur  dioxide  from  pyrites  burners  enters,  mixed  with  air  and 
steam  in  the  proportion  of  2  voJs.  SO^,  2  vols.  HjO,  and  1  vol.  0,  and  is 
completely  absorbed  by  passing  through  all  the  cylinders  in  succession. 
During  this  reaction  heat  is  developed,  but  on  starting  fuel  must  be  used 
to  raise  the  temperature  to  500°,  after  which  the  temperature  is  maintained 
constant  and  the  operation  is  then  continuous.  A  notable  amount  of  fuel 
is  thus  saved,  and  sodium  sulphate  is  manufactured  without  the  need  for 
sulphuric  acid,  and  therefore  without  lead  chambers.^  It  is  necessary 
to  work  with  large  quantities  of  salt  ;  every  charge  requires  up  to  forty  tons 
of  KaCI.  In  order  to  prevent  salt  from  remaining  unattacked  in  the  interior 
of  the  cakes  it  is  mixed  with  coal  or 
sawdust,  which  then  burns  and  leaves  a 
more  porous  mass. 

This  process  was  tried  in  Sardinia, 
but  without  success,  whilst  it  is  much 
used  in  England  and  France,  and  has 
been  used  in  Germany  in  two  establish- 
ments of  the  Rhenania  Company. 

In  the  Solvay  proceaa  of  maaufacturing 
^^-  ^-  soda   from   NaCl,   carbon  dioxide  and    am- 

monia, all  the  chlorine  of  the  NaCl  is  con- 
Terted  into  ammonium  chloride  tNH.Cl).  This  is  then  decomposed  with  lime,  which 
libwaten  ammonia  and  forms  calcium  chloride  (CaCl,)  in  large  quantity.  In  1878  and 
1S86  Solvay  tried  to  prepare  HCI  by  treating  CaClg  with  silica  (SiO^  kieaelguhr,  day  rich 
in  silica,  &c.),  and  superheated  steam : 

SiO,  +  Caa,  +  HjO-  CBSiOj(calciumsilicate)  +  2BC3. 
Acoording  to  Lunge  up  to  65  per  cent,  of  the  theoretical  quantity  of  HCI  may  be  obtained 
in  this  way,  but  this  process  has  not  yet  had  any  important  application.     All  the  same. 


inii»tr7ofthotorni»tionofHCl»niiN»aS04bylheH«rfr«»»MprDceM:ToproiHli!e30^llraIly 
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it  is  probable  that  in  the  near  future  the  CaCl(  from  the  soda  works  will  all  be  utilised 
for  the  production  of  HCl,  either  by  means  of  silica  or  of  magnesia.^  Attempts  have  already 
been  made  to  prepare  HCl  from  the  enormous  quantities  of  magnesium  chloride  (MgCl,) 
at  Stassfurt,  by  heating  it  to  an  elevated  temperature  with  more  or  less  steam,  thus  obtaining 
a  mixture  of  HCl  +  CI  +  MgO.  The  HCl  so  obtained  is  condensed  in  towers  and  is  very 
pure  as  it  does  not  contain  either  sulphuric  acid  or  arsenic.  The  method  appears  to  have 
been  introduced  at  Neu  Stassfurt  with  satisfactory  results. 

In  Solvay's  works  ammonium  chloride  vapours  were  passed  over  red-hot  MgO,  MgO, 
and  NH3  being  obtained.  On  then  heating  MgCl,  in  a  current  of  steam  HCl  was  formed 
and  the  original  magnesium  oxide  recovered :  MgCl,  +  H2O  =  MgO  +  2HC1.  J.  Th. 
Schlosing  (Fr.  Pats.  360,356  of  1905  and  394,037  of  1908)  heated  a  concentrated  solution 
of  Mgdt  until  this  showed  a  boiling-point  of  132°,  then  added  a  quantity  of  magnesia 
corresponding  to  one-third  of  the  magnesium  present  as  chloride,  stirred  the  viscous  mass 
and  dried  it  at  200°,  and  then  decomposed  it  in  a  pan  over  which  hot  furnace  gases  were 
passed,  condensing  the  hydrochloric  acid  in  the  usual  maimer. 

PURIFICATION  OF  THE  CRUDE  COMMERCIAL  ACID.  The 
commercial  acid  contaias  various  impurities,  especially  arsenic  chloride,  ferric 
chloride,  FeCls,  CI,  SO2,  H2SO4,  derived  from  the  ordinary  impurities  of  the 
HjS04  employed,  and  also  NaCl.  The  ferric  chloride  turns  the  acid  yeUowish, 
as  do  also  traces  of  selenium,  tellurium,  and  organic  substances. 

The  purification  of  the  crude  acid  is  complicated  and  difficult : 

To  remove  fen-ic  chloride  the  acid  is  diluted  till  its  specific  gravity  is  1*145,  and  then 
distilled.  Fuming  hydrochloric  acid  of  36  to  38  per  cent.  HCl  is  first  obtained,  and  then  a 
weaker  acid.  The  ferric  chloride  only  distils  with  the  last  portions  which  are  collected 
separately ;  or  the  ferric  chloride  may  be  fixed  by  adding  phosphoric  acid  or  calcium 
phosphate  before  distillation. 

The  elimination  of  arsenic  is  most  difficult ;  it  is  first  treated  with  MnOj  to  oxidise 
the  SO],  then  diluted  with  water  and  left  in  contact  with  bright  copper  sheets  for  some  days, 
after  which  it  is  distilled  in  presence  of  copper,  but  this  acid  often  still  contains  traces  of 
arsenic. 

If  it  is  distilled  in  presence  of  ferrous  chloride.  Fed,,  the  arsenic  passes  over  with  the 
first  portions  and  fairly  pure  Hd  can  be  obtained.  It  is  often  purified  by  first  separating 
the  arsenic  with  hydrogen  sulphide  or  barium  sulphide  (which  separates  both  As^S, 
and  H1SO4)  and  then  distilling  from  glass  retorts. 

Better  results  are  obtained  by  treatment  with  stannous  chloride  in  scrubbing  towers, 
but  the  best  results  appear  to  be  obtained  by  the  recent  process  (1905)  of  Messrs.  Meister, 
Lucius,  and  Bruning  in  Hochst,  who  employ  vanadious  salts  which  can  be  obtained  cheaply 
and  can  be  regenerated  electrol3rtically. 

*  The  method  propoeed  by  Lorens  in  1804  and  1897  attracted  for  some  time  a  certain  amomit  of  interest,  but 
has  not  yet  been  practically  aulopted ;  he  proposed  to  utilise  and  transform  into  HCl  the  extraordinary  and  ezces- 
ftive  quantities  of  chlorine  from  the  electrolytic  alkali  works,  as  the  quantity  of  HCl  from  Leblanc  soda  works 
is  diminishing  strongly  on  account  of  the  rise  of  the  Bolvay  process. 

Lorena  states  that  by  passing  a  current  of  steam  and  chlorine  over  barely  red-hot  carbon  the  chlorine  is  quan- 
titativdy  converted  into  HQ,  a  mixture  of  COs  and  CO  being  formed  at  the  same  time  (the  CO  being  more  or 
leas  abundant  according  to  the  thickness  of  the  layer  of  carbon  traversed  by  the  gases) ;  this  mixture  can  l>e  used 
as  a  source  of  energy  for  heating  the  apparatus,  and  the  process  then  continues  without  requiring  further 
fuel,  as  the  reaction  develops  heat :  2a  +  2H,0  +  C  =-<  4Ha  +  CO, ;  one  portion  of  tlie  C0|  is  reduced  by 
carbon,  but  is  again  burnt  and  so  made  use  of :  CO,  +  C  =  2C0  and  CO  -f-  O  ==  COa.  Kxperimenta  carried  out  by 
A.  Naumann  in  1807  showed  ttutt  the  reaction  was  not  quantitative,  and  up  to  the  present  it  has  not  acquired 
practical  importance. 

Again,  with  the  intention  o!  utilising  chlorine,  endeavours  have  been  made  to  prepare  HCl  and  sulphuric  acid 
simultaneously  by  passing  a  current  of  S0|  and  CI  up  a  tower  filled  with  atones  down  which  a  spray  of  water  passes 
(or  of  concentrated  HCl  in  order  not  to  raise  the  temperature) ;  heat  was  disengaged  and  a  yield  of  65  to  80 
per  cent,  was  obtained  (Ger.  Pat.  157.044  of  1903) 

2C1  +  SO,  +  2H,0  =  H,S04  +  2HC1. 

This  process  had  already  been  patented  by  W.  Haner  in  1854,  was  modified  by  Macfarlane  in  1864,  and  patented, 
with  various  improvements,  by  Deacon  in  1868 ;  the  last  patent  but  one  was  that  of  W.  Masson  in  France  in  1802. 

In  1009  Coppadoro  studied  the  conditions  necessary  for  a  maximum  yield  and  for  faeilitating  the  separation 
of  the  sulphuric  and  hydrochloric  acids,  but  the  process  does  not  appear  to  have  yet  been  sufficiently  developed  for 
practical  purposes. 

The  preparation  of  HCl  has  also  recently  been  proposed  by  distilling  wood  at  300'  in  presence  of  chlorine, 
with  a  yield  of  70  per  cent,  together  with  the  usual  products  of  wood  distillation  (Ger.  Pat.  158,086).  Finally, 
the  industrial  manufacture  of  hydrochloric  acid  has  been  attempted  by  burning  the  hydrogen  and  oMorine  obtained 
in  the  electrolytic  manufacture  of  caustic  soda  in  a  kind  of  blowpipe  (J.  L.  Koberts,  Oer.  Pat.  104,047  of  1005). 
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According  to  a  recent  patent  (179,514  of  1907)  the  arsenic  can  be  separated  by  bubbling 
le  gas  as  it  comes  from  the  furnaces  through  oil ;  the  arsenic  is  then  removed  from  the 
il  by  washing  with  water,  then  with  lime,  and  finally  with  hydrochloric  add. 

The  only  way  of  obtaining  the  purest  HCl  in  the  laboratory  consists  in  starting 
:0m  pure  Nad  and  pure  sulphuric  acid  and  distilling  with  due  precautions. 

Specific  Gravity  of  Solutions  of  Hydrochloric  Acid  at  the 

Temperature  of  15°. 


Specific  gravity 
IS"" 

Degree  Baum6 

100  parte  by  weight  of  pure  aqueous 
solution  of  the  acid  contain : 

One  litre  contains 
grnks.  of  HCl. 
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4 

HCl  per  cent. 
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acid  of  20"^  B6. 
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ANALYSIS  OF  HYDROCHLORIC  ACID.  The  specific  gravity  does  not  always 
indicate  the  contents  of  Hd  exactly,  and,  therefore,  10  c.c.  of  the  acid  (of  known  specific 
gravity)  are  taken,  diluted  with  water  to  200  o.c.,  10  c.o.  of  this  neutralised  with  a  solution 

of  soda,  and  the  chlorine  then  titrated  with  rrr  silver  nitrate  solution,  using  potassium 

chromate  as  an  indicator.    The  HCl  may  also  be  directly  titrated  with  a  normal  solution 
of  sodium  hydroxide. 

The  amount  of  sulphuric  acid  present  as  an  impurity  is  determined  in  100  c.c.  of  the 
solution  prepared  as  above  ;  this  is  neutrahsed  with  soda  and  precipitated  whilst  hot 
with  BaOlj*  ^^^a  the  weight  of  barium  sulphate  that  of  the  H2SO4  is  deduced.  Iron 
is  determined  by  reducing  with  zinc,  and,  after  adding  manganese  sulphate,  titrating  with 
potassium  permanganate  solution  of  known  strength.  Arsenic  is  detected  qualitatively 
with  Marsh's  apparatus  {which  see).  Dissolved  salts  may  be  determined  by  evaporation  to 
dryness  in  a  platinum  capsule  of  a  definite  quantity  of  acid. 

HYDROBROMIC   ACID:    HBr 

PROPERTIES.  This  acid  was  discovered  by  Balard  in  1830.  Hydro- 
bromic  acid  is  a  gas  resembling'  hydrochloric  acid  ;  it  fumes  in  moist  air,  is 
2'8  times  heavier  than  air,  can  be  liquefied  at  ^73®  and  solidified  at  —120®. 
It  is  very  soluble  in  water  and  the  saturated  solution  at  0°  contains  82  per 
cent,  of  HBr,  and  has  a  specific  gravity  of  1*78 ;  a  solution  saturated  at 
15°  contains  50  per  cent,  of  HBr,  and  its  specific  gravity  is  1*51. 

On  heating  this  solution  up  to  125®  a  product  of  almost  constant  com- 
position distils,  of  sp.  gr.  1*49,  containing  one  molecule  of  HBr  to  5  mols. 
of  water.  On  saturating  an  HBr  solution  at  —20®  with  HBr  gas  crystals 
of  HBr.2H20  separate  which  melt  at  —11°. 

Chlorine  displaces  bromine  from  bromides  and  hydrobromic  acid.  Hydro- 
bromic  acid  is  less  stable  than  hydrochloric  acid  and  decomposes  or  dissociates 
at  800°.  The  soluble  bromides  give  with  silver  nitrate  a  whitish  precipitate, 
feebly  yellowish,  not  very  soluble  in  ammonia.  At  a  red  heat  the  bromides 
are  more  volatile  than  the  chlorides,  but  less  so  than  the  iodides.  Hydro- 
bromic acid  in  aqueous  solution  is  a  very  energetic  acid,  iind  dissolves  all 
those  metals  which  are  dissolved  by  hydrochloric  acid  ;  it  dissolves  Ag,  Cu, 
Pb,  and  Hg  more  readily.  A  rather  concentrated  solution  dissolves  some 
sulphides  ;  when  still  more  concentrated  it  dissolves  lead  sulphate  (PbS04) 
very  readily,  and  in  presence  of  amalgamated  copper  it  also  dissolves  sulphur. 
A  mixture  of  HBr  and  HNO3  behaves  like  aqtui  regia. 

The  heat  of  formation  of  HBr  is  35*2  Kj.  (8400  cals.)  and  on  dissolving 
in  400  parts  of  water  it  evolves  a  further  833  Kj.  (19,909  cals.).  Wood  char- 
coal absorbs  much  hydrobromic  acid  evolving  up  to  64*8  Kj.  (16,487  cals.). 

USES  AND  PRICES.  Hydrobromic  acid  is  used  in  the  analysis  of  natural  sulphides 
and  in  various  reactions  in  organic  chemistry.  It  comes  into  commerce  in  48  per  cent, 
solution  (sp.  gr.  1  -49)  at  a  price  of  about  Is.  4d.  per  kilo  ;  in  40  per  cent,  solution  (sp.  gr. 
1-38)  it  costs  4«.,  and  in  25  per  cent,  solution  (sp.  gr.  1*208)  3«.  5d.  per  kilo. 

PREPARATION.  Bromine  does  not  combine  with  hydrogen  in  the  cold,  even  in 
the  light,  but  slowly  combines  under  the  action  of  heat  or  of  the  electric  discharge,  and 
more  rapidly  under  the  catalytic  influence  of  spongy  platinum  at  high  temperatures. 
Hydrogen  gas  saturated  with  bromine  vapour  bums  in  the  air,  giving  a  cloud  of  HBr. 

Bromine  decomposes  water  in  sunlight  and  also  in  the  presence  of  ozidisable  sub- 
stances such  as  P,  S,  Se,  and  As,  producing  oxygen  and  hydrobromic  acid.  Various 
hydrogen  compounds,  such  as  HjS,  HI,  and  NHg,  give  HBr  with  Br. 

The  method  analogous  to  that  used  for  the  preparation  of  HCl,  namely,  the  action  of 
strong  sulphuric  acid  on  bromides,  is  not  of  much  use  for  preparing  HBr,  as  the  sulphuric 
acid  is  partially  reduced  by  the  hydrobromic  acid  with  production  of  bromine  and  sulphur 
dioxide  : 

2HBr  +  HaS04  =  HjSOa  +  H,0  +  Br,. 
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But  in  presence  of  water  Br  is  an  oxidising  agent  which  is  able  to  convert  sulphites 
into  sulphates  with  formation  of  HBr : 

Na,SO,  +  Br2  +  HjO  -  Na^04  +  2HBr. 

HBr  is  more  readily  formed  by  the  action  of  dilute  sulphuric  add  on  a  bromide  in  presence 
of  phosphorus. 

Hydrobromic  acid  is  easily  prepared  by  dropping  bromine  into  a  paste  of  one  part 
of  red  phosphorus  with  two  parts  of  water  ;  in  this  way  phosphorus  tribromide  is  formed 
which  reacts  with  water,  producing  non-volatile  phosphorous  acid  and  volatile  HBr  : 

3H,0  +PBr,  «  H3PO3  +  3HBr. 

• 

To  free  the  gas  which  is  evolved  from  bromine  vapours  which  it  carries  over  it  is  passed 
through  a  tube  filled  with  glass  fragments  mixed  with  moistened  red  phosphorus.  A  very 
regular  current  of  HBr  is  also  obtained  by  dropping  bromine  into  benzene  or  crude 

anthracene  :    Cfi^  +  Br,  =  CeHsBr  +  HBr,  and  purifying  the  gas  by  passing  it  through 

benzene  bromob^uene 

a  cylinder  containing  anthracene  or  paraffin. 

Hydrobromic  acid  may  also  be  prepared  by  the  method  of  Lorenz  which  we  have  already 
discussed  in  the  case  of  chlorine  {see  p.  165) :   C  +  2Br,  +  2H,0  «=  CX),  +  4HBr. 

On  pa^ng  a  current  of  hydrogen  sulphide  (H^S)  into  a  flask  containing  bromine  and 
water  HBr  is  formed  with  separation  of  sulphur :  HjS  +  Br,  =  2HBr  +  S.  To  free 
this  from  traces  of  sulphuric  acid,  which  are  also  formed,  it  is  distilled  in  presence  of  barium 
bromide  and  an  aqueous  solution  of  pure  HBr  is  thus  obtained. 

If  a  current  of  hydrogen  is  passed  through  a  flask  containing  bromine  and  the  gas  is 
then  ignited  a  considerable  quantity  of  HBr  is  formed  which  fumes  in  the  air  and  shows 
add  reaction. 

HYDRIODIC  ACID  :  HI 

PROPERTIES.  Hydriodic  acid  is  a  colourless  gas  which  was  discovered 
by  Clement  and  Disomies  in  1813 ;  it  fumes  strongly  in  moist  air,  has  a 
specific  gravity  of  4*4  (air  =  1),  becomes  liquid  at  —  34°  and  solid  at  —  51**. 
A  litre  of  water  at  10°  dissolves  450  volumes  of  HI  gas.  Light  and  air  decom- 
pose the  aqueous  solution  of  HI,  liberating  iodine.  The  saturated  aqueous 
solution  at  0°  has  a  specific  gravity  of  1*99,  and  at  126°  aqueous  HI  distils 
with  constant  composition  (HI.SHgO)  of  sp.  gr.  1*70  and  containing  67  per 
cent,  of  HI.  Oxgyen  decomposes  hydriodic  acid  at  high  temperatures  : 
2HI  +  0  =  H2O  +  I2.  On  bringing  a  flame  or  a  red-hot  glass  rod  to  the 
mouth  of  a  cylinder  full  of  HI  gas,  the  cylinder  suddenly  becomes  filled  with 
violet  iodine  vapours.  The  same  result  is  obtained  on  introducing  an  oxidising 
agent  such  as  a  little  hot  fuming  nitric  acid  into  the  cylinder.  Thus  HI  acts 
as  a  strong  reducing  agent,  as  it  easily  removes  oxygen  from  oxidised  bodies, 
and  it  is  therefore  often  employed  as  a  reducing  agent  in  organic  chemistry. 
This  acid  reacts  with  silver  and  mercury  even  at  moderate  temperatures 
with  formation  of  hydrogen  : 

2HI  +  Agg  =  2AgI  +  H^. 

Chlorine  and  bromine  readily  decompose  HI  : 

HI  +  CI  =  HCl  +  I. 

In  1900  Volhard  showed  that  traces  of  hydriodic  acid  are  able  to  act  cata- 
lytically  as  an  oxidising  agent,  and  then  to  convert  considerable  quantities 
of  sulphur  dioxide  into  sulphuric  acid  in  presence  of  water,  possibly  because 
free  iodine  is  formed  amongst  the  intermediate  products  and  then  reacts 
with  the  oxidising  agent  regenerating  hydriodic  acid  : 

4HI  +  3SO2  +  2H2O  =  S  +  2H2SO4  +  4HI. 

The  1'  ions  of  iodides  give  a  yellowish  precipitate  of  Agl,  insoluble  in 
ammonia,  with  silver  nitrate  : 

AgNOa  +  KI  =  KNO3  +  Agl. 

Wood  charcoal  absorbs  much  HI  gas,  developing  92  Kj. 
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USES  AND  PRICES.  Solutions  of  HI  of  49''  B6.  (sp.  gr.  1-5)  cost  lis,  6d.  to  19«.  2d. 
per  kilo,  and  if  of  60°  B^.  (sp.  gr.  1*7)  from  £1  5s.  Id.  to  £1  8«.  per  kilo ;  they  are  more 
especially  used  in  organic  chemistry  as  a  reducing  agent  and  to  introduce  iodine  into 
organic  compounds. 

PREPARATION.  Iodine  does  not  combine  with  hydrogen  at  the  ordinary 
temperature,  not  even  under  the  influence  of  light  which  is  chemically  very 
active.  At  high  temperatures  it  only  combines  partiaUy,  as  even  at  440° 
hydriodic  acid  commences  to  dissociate  into  its  components.  On  the  other 
hand,^the  action  is  complete  if  a  mixture  of  hydrogen  with  iodine  vapours 
is  passed  over  warm  platinum  sponge,  which  acts  as  a  catalyser.  In  this 
manner  pure  HI  is  obtained. 

HI  cannot  be  prepared  by  the  action  of  sulphuric  acid  on  an  iodide,  as 
HI,  like  HBr,  readily  gives  the  reverse  reaction  : 

2HI  +  HaS04  =  HjSOa  +  H^O  +  1^. 

But  it  is  readily  obtained  in  abundance  by  the  action  of  phosphorus  tri- 
iodide  on  water,  in  the  same  way  as  was  mentioned  in  the  case  of  HBr  : 

Pla  +  SHaO  =  HaPOg  +  SHI. 

In  practice  1  part  of  red  phosphorus  is  mixed  in  a  flask  with  15  parts  of  water,  and 
20  parts  of  powdered  iodine  are  gradually  added  with  constant  cooling  ;  the  whole  is  then 
heated  gradually  and  HI  is  evolved,  which  is  absorbed  by  water ;  but  the  product  is 
impure.  A  better  result  is  obtained  by  starting  with  a  mixture  of  1  part  of  yellow 
phosphorus  in  small  pieces  with  10  parts  of  iodine  and  gradually  adding  a  httle  water. 
The  HI  gas  which  is  evolved  is  freed  from  the  iodine  which  it  carries  over  by  passing  it 
through  a  tube  containing  red  phosphorus.  If  the  gas  is  required  it  is  collected  by  down- 
ward displacement  of  the  air  in  a  dry  bottle  or  cylinder  as  it  is  very  heavy  and  very  soluble 
in  water  and  attacks  mercury.  By  heating  the  concentrated  aqueous  solution  a  regular 
current  of  the  gas  is  obtained  which  can  be  dried  with  phosphorus  pentoxide. 

According  to  Auger  (1909)  HI  is  easily  obtained  by  gently  heating  to  250°  2  mols. 
of  crjTStaUised  phosphoric  acid  with  1  mol.  of  KI,  and  in  order  to  obtain  a  56  per  cent, 
solution  2  mols.  of  phosphoric  acid  in  a  60°  B^.  solution  are  heated  with  1  mol.  of  KT, 

A  pure  aqueous  solution  of  HI  is  obtained  by  passing  hydrogen  sulphide  through  water 
containing  iodine  in  suspension  until  this  is  decolorised,  then  heating  to  drive  off  the 
excess  of  H^S,  filtering  from  sulphur  and  finally  distilling  the  HI :    HgS  +  Is  =  S  +  2HL 

COMPOUNDS  OF  THE  HALOGENS  WITH  ONE  ANOTHER 

These  compounds  have  not  much  stability,  in  common  with  all  compounds 
of  elements  which  resemble  one  another  closely  chemically. 

IODINE  MONOCHLORIDE  :  ICl.  This  is  a  red  crystalline  mass  which  is  obtained 
bv  the  action  of  excess  of  dry  iodine  on  chlorine.  It  is  easily  decomposed  by  water : 
5ia  +  3HjO  -  HIO3  +  41  +  5HC1. 

IODINE  TRICHLORIDE  :  ICI3.  This  compoimd  is  formed  in  presence  of  excess 
of  chlorine  (or  from  iodic  anhydride  and  phosphorus  pentachloride,  PCI5).  It  forms 
yellow  crystals  which  yield  Clg  and  ICl  at  26°.     It  dissolves  unchanged  in  a  little  water. 

IODINE  BROMIDE :  IBr.  This  is  obtained  from  I  +  Br.  It  forms  crystals 
similar  to  iodine  which  melt  at  36°. 

IODINE  PENTAFLUORIDE  :  IF,^.  In  this  compound  the  iodine  is  seen  to  be 
either  tri-  or  pentavalent.  It  is  formed  by  the  action  of  iodine  on  silver  fluoride,  and  is  a 
colourless  liquid  which  fumes  in  the  air. 
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OXYGEN  COMPOUNDS  OF  THE  HALOGENS 

These  compotinds  form  with  water  the  corresponding  acids,  from  which 
the  oxides  are  re-formed  when  the  water  is  abstracted.  They  are  therefore 
called  anhydrides  of  the  respective  acids. 

Whilst  the  affinity  of  the  halogens  for  hydrogen  decreases  from  fluorine 
towards  iodine,  their  affinity  for  oxygen  decreases  from  iodine  towards 
fluorine,  and  whilst  iodine  and  oxygen  unite  directly,  bromine  and  chlorine 
only  combine  with  oxygen  by  means  of  intermediate  products  or  indirectly. 
No  oxygen  compounds  of  fluorine  are  known.  The  more  highly  oxidised 
compounds  are  more  stable  than  those  containing  less  oxygen. 

OXYGEN  COMPOUNDS  OF  CHLORINE.  The  principal  oxygen 
coiapounds  of  chlorine  are  the  following  : 

HOCl,  hjrpochlorous  acid,  corresponding  to  hydrochlorous  anhydride,  CljO. 

(HCIO2),  chlorous  acid,  not  known  free,  but  only  as  salts. 

HClOs,  chloric  acid,  derived  from  the  mixed  chlorous-chloric  anhydride, 

CI2O4. 
HCIO4,  perchloric  acid,  of  which  the  anhydride,  ClgOy,  is  not  known. 

In  general  from  one  molecule  of  anhydride  and  one  inolecule  of  vxiter  two 

Cl\  /H 

molecules  of  acid  are  obtainedy  e,g,       }0  +  0\       =  2C1.0H. 

HYPOCHLOROUS  ANHYDRIDE  (chlorine  monoxide  =  a,0).  This  compound  is 
obtained  by  the  action  of  chlorine  on  precipitated  yellow  mercuric  oxide,  dried  and  cooled : 
2HgO  +  201,  =  HgO.HgCl2  +  ClgO.  It  is  evolved  as  a  yellow-brown  gas  which  is  con- 
densed in  the  cold  to  a  red-brown  liquid,  which  boils  at  +  5°.  It  is  also  obtained  b}- 
dehydrating  hypochlorous  acid.  This  compound  is  very  unstable  and  explosive.  It 
is  a  powerful  oxidising  and  bleaching  agent.  When  mixed  with  water  it  forms  hypochlorous 
acid :  CljO  +  HjO  =  2H0C1 ;  with  porous  calcium  chloride  it  forms  chlorine  and  calcium 

,C1     CL  ,C\ 

hjrpochlorite  (chloride  of  lime) :    Ca(^      4-       yO  =  Ca('  +  Gig,   and,  therefore,  it  is 

able  to  render  active  the  ordinarily  inactive  chlorine  of  calcium  chloride. 

HYPOCHLOROUS  ACID  :  HOCl.  This  compound  is  knoA^n  in  aqueous 
solution  only.    It  is  found  in  chlorine  water  :  CI2  +  HgO  Zl  HCl  +  HOCl. 

The  concentrated  solutions  of  this  acid  (5  per  cent. )  are  of  a  yellowish  colour  and  decom- 
pose partially  on  distillation,  forming  chlorine  and  chloric  acid.  Dilute  solutions  are  more 
resistant  to  light  and  are  less  decomposed  on  distillation.  These  solutions  have  a  powerful 
oxidising  and  bleaching  action  on  vegetable  fibres  due  to  the  nascent  oxygen  which  they 
form.  From  a  given  quantity  of  hypochlorous  acid  double  the  amount  of  oxygen  can  be 
obtained  than  from  the  corresponding  quantity  of  chlorine :  CI,  +  HjO  =  2HC1  -1-  0, 
whilst,  on  the  other  hand,  2H0C1  =  2HC1  -1-  O2  ;  but  one  must  bear  in  mind  that  to  form 
1  mol.  of  HOCl  two  atoms  of  chlorine  and  I  mol.  of  NaOH  are  required  {see  behw). 

With  HCl  the  aqueous  solutions  yield  chlorine  and  water  :  HCl  +  HOCl  =  H,0  -I-  Clj, 
and  double  the  amount  of  chlorine  contained  in  the  hypochlorous  acid  is  evolved.  When 
shaken  with  mercury  aqueous  solutions  of  hypochlorous  acid  form  a  yellow-brown  preci- 
pitate of  mercury  oxychloride,  HgO.HgCl2(the  hypochlorites  form  HgO).  This  reaction 
serves  to  distinguish  hypochlorous  acid  from  chlorine  (aqueous)  as  this  latter  under  the 
same  conditions  gives  with  excess  of  mercury  mercurous  chloride,  HgCl  (calomel),  a  white 
substance  insoluble  in  HCl  (Wolters'  reaction). 

Hypochlorous  acid  is  a  weak  acid  which  is  displaced  from  its  salts  even  by  carbonic 
acid. 

Pure  hypochlorous  cid  is  obtained  by  the  action  of  chlorine  in  the  dark  on  freshly 
precipitated  HgO  co  /  red  with  wat43r,  with  strong  agitation  (Balard) : 

2HgO  -I-  2Clj  +  HjO  =  HgO.HgCljj  +  2H0C1. 
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« 

The  whole  is  then  filtered  and  the  liquid  distilled  ;  the  excess  of  chlorine  is  removed 
by  a  current  of  air,  when  a  pure  aqueous  solution  of  HOCl  remains. 

Hypochlorous  acid  is  also  obtained  by  passing  chlorine  into  water  in  presence  of 
powdered  marble  or  of  an  alkaline  carbonate : 

CaCO,  +  2C1,  +  HgO  =  CaCla  +  COj  +  2H0a  (Williamson) 
or :  K,CO,  +  a,  +  HjO  =  KCl  +  ClOH  +  KHCOj. 

Pota-ssium  bicarbonate. 

It  is  also  obtained  pure  by  distilling  its  salts  (hypochlorites)  with  another  weak  acid 
(boric  acid),  or  by  acting  on  a  solution  of  sodium  hydroxide  with  excess  of  chlorine : 
NaOH  +  (3,  ==  NaCl  +  HOCl.  In  presence  of  too  little  chlorine  sodium  hypochlorite  is 
formed. 

HYPOCHLORITES  AND  BLEACHING  COMPOUNDS  (see  Part  IH, 
Sodium  Hypochlorite). 

CHLORINE  DIOXIDE  or  TETROXIDE :  ClOj  or  CIA-  This  was 
fonnerly  called  KypocKloric  acid. 

Effront  prepared  CI2O4  by  dropping  portions  of  6  grms.  each  of  potassium  chlorate 
into  a  litre  of  sulphuric  acid  of  62°  B6.  and  then  carrying  over  the  gas  in  a  current  of  air 
into  a  carboy  of  water,  where  it  was  absorbed. 

It  is  formed  on  treating  potassium  chlorate  with  concentrated  sulphuric  acid  in 
the  cold  ;  chloric  acid  is  first  formed :  2KC108  +  H8SO4  =  KjSO^  +  2HC108,  which 
decomposes  instantaneously  into  chlorine  tetroxide,  water,  and  perchloric  acid  (stable) : 
3HC10,  =  CljO^  +  Ha04  +  HjO. 

It  is  more  easily  prepared,  and  with  less  danger,  by  treating  a  mixture  of  one  ptirt  of 
potassium  chlorate  and  4*6  parts  of  oxalic  acid  with  sulphuric  acid  diluted  with  two  volumes 
of  water.  On  heating  the  mixture  gently  a  greenish-yellow  gas  is  formed  which  liquefies 
in  a  freezing  mixture. 

It  is  a  greenish-yellow  ^as  which  forms  a  red-brown  liquid  in  the  cold,  boiling  at  10°, 
and  which  is  solid  at  -79°.  If  it  is  pure  and  free  from  organic  substances  it  may  be 
distilled  on  the  water -bath  at  30°.  When  exposed  to  high  temperatures  it  ecisily  explodes.  It 
is  therefore  always  dangerous  to  treat  potassium  chlorate  with  sulphuric  acid  without  taking 
precautions.  To  illustrate  this  violent  reaction  3  or  4  grms.  of  potassium  chlorate  crystals 
and  a  few  pieces  of  white  phosphorus  are  placed  in  a  test  glass  full  of  water ;  a  few  drops 
of  strong  sulphuric  acid  are  then  introduced  below  the  water  with  a  pipette.  Green  vapours 
of  chlorine  tetroxide  are  at  once  evolved  which  set  fire  to  the  phosphorus  under  the  water. 

The  tetroxide  dissolves  in  water  with  lemon -yellow  colour,  but  is  decolorised  by 
potassium  hydroxide  solution,  giving  salts  of  chloric  and  chlorous  acids : 

a 0 

yO  +  2K0H  =  ClOOK  -I-  ClOjK  -1-  HjO, 
CI -0-0/ 

behaving  as  a  mixed  anhydride  of  chloric  and  chlorous  acids. 

In  sunlight  the  aqueous  solution  of  chlorine  tetroxide  is  decomposed  thus : 

3a,04  +  2HjO  =  4Ha03  +  0,  +  Clj. 

Its  vapour  density  corresponds  to  the  formula  ClOj  ;  in  this  case  the  chlorine  is  either 

o  ^o 

is  probably  01,0 4,  that  of  a  mixed  anhydride. 

USES.  Effront  advised  the  use  of  aqueous  solutions  of  chlorine  tetroxide  in  the  manu- 
facture of  spirit  from  cereals,  because  ordinarily  20  per  cent,  of  the  maize  which  is  treated 
does  not  germinate  and,  according  to  Effront,  by  washing  these  grains  with  the  dilute 
solution  one  is  able  to  increase  the  germination  of  the  grain  by  10  per  cent.  Experiments 
made  in  the  distillery  Sessa  in  Milan  gave  negative  results,  but  in  other  distilleries  it  has 
been  used  with  advantage,  especially  for  damaged  maize. 

CHLORIC  ACID  :  HCIO3.  This  acid  is  obtained  by  decomposing  an  aqueous 
solution  of  barium  chlorate  with  sulphuric  acid : 

Ba(C103),  +  H,S04  =  BaS04  +  2HC10,. 


divalent,  Cl<    | ,  or  tetravalent,  Cl^      ;  but  in  solution  or  in  the  liquid  state  the  formula 
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After  filtration  the  liquid  can  be  conoentrated  in  vacuo  and  a  40  per  cent,  solution  of 
HaOj  obtained  (sp.  gr.  1-28). 

This  solution  is  oily  and  decomposes  at  40°  into  CI,  0,  and  pOTchloric  acid,  HCIO4  ;  it  is 
thus  an  energetic  oxidising  agent  and  in  this  concentrated  solution  sulphur,  alcohol,  and 
paper  catch  fire. 

Chloric  acid  and  the  chlorates  give  free  chlorine  with  concentrated  HCl : 

HaO,  +  5Ha  =  3H,0  +  3C1^ 
or :       KCIO,  +  6Ha  =  3H,0  +  3a,  +  KCl. 

INDUSTRIAL  PREPARATION  OF  SALTS  (CHLORATES)  {see  Part  lU). 

PERCHLORIC  ACID  :  CIO4H.  This  is  the  most  stable  of  the  oxygenated  chlorine 
compounds.  It  is  formed  by  the  decomposition  of  chloric  acid,  and  potassium  perchlorate 
is  obtained  by  the  decomposition  on  heating  (fusion)  of  the  chlorate : 

2KaO,  -  KCIO4  +  Ka  +  0,. 

Since  the  perchlorate  is  but  little  soluble  in  water  whilst  potassium  chlorate  is  very 
soluble,  their  separation  is  easy. 

By  distilling  potassium  perchlorate  with  strong  sulphuric  acid  (96  per  cent.)  under 
reduced  pressure  in  an  oil-bath  at  140^  to  190°,  perchloric  acid  is  obtained,  which  can  be 
rectified  by  distillation  at  50°  to  65°  at  reduced  pressure. 

When  anhydrous  it  is  a  colourless  liquid  of  sp.  gr.  1*76  (at  22°)  which  does  not 
solidify  even  with  solid  carbon  dioxide  and  ether.  It  is  a  strongly  corrosive  liquid  and  pro- 
duces painful  wounds  on  the  skin.  It  reacts  violently,  with  explosion  and  flame,  when  mixed 
with  phosphorus,  carbon,  &c.  When  kept  in  the  dark  and  also  in  the  open,  it  decomposes 
slowly,  and  if  kept  in  closed  vessels  it  finally  bursts  them  open.    It  readily  absorbs  water. 

Two  hydrates  of  this  acid  are  known :  the  monohydrate,  HCIO4  +  H,0,  which  at 
110°  is  decomposed  forming  HaO^,  and  the  dihydrate,  HCIO4  +  2H,0,  which  is  a  stable 
oily  liquid,  of  sp.  gr.  1-82,  which  distils  unaltered  at  203°. 

PREPARATION  OF  PERCHLORATES  {see  Part  IH). 

BROMINE  and  IODINE  form  oxygenated  compounds  analogous  to  those  of  chlorine  ; 
there  are  thus  bromates  and  perbromates,  iodates  and  periodates,  &c. 


OXYGEN  GROUP 

This  group  comprises  Oxygen,  Sulphur,  Selenium,  and  Tellurium. 
Thisjgroup  consists  of  divalent  elements,  that  is  to  say,  they  combine 
with  two  atoms  of  hydrogen,  but  only  the  three  last  have  much  chemical 
and  physical  analogy  with  one  another.  These  are  solids,  whilst  oxygen 
is  a  gas  which  forms  compounds  analogous  in  their  chemical  formulae  only, 
but  not  in  their  properties,  as  can  be  seen  at  once  from  the  following  com- 
pendium : 

o 
Atomic  weight     .  16 

Specific  gravity    .  1-18  (at  -  182-6°) 
Melting-point       .  -  227** 

Boihng-point        .  -  182-5° 

With  increase  of  the  atomic  weight,  matter  becomes  denser  ;  as  the  density 
rises  the  appearance  becomes  more  metallic,  but  the  noji-metalUc  chemical 
character  is  preserved.  The  same  fact  has  already  been  encountered  in  the 
case  of  the  halogens. 

At  high  temperatures  these  elements  all  unite  with  hydrogen  giving 
compounds  of  the  formula  X^Hj,  but  as  the  temperature  rises  still  further 
these  compounds  are  dissociated  into  their  components.  Oxygen  may  really 
be  considered  as  an  element  apart,  as  it  has  very  few  of  the  properties  common 
to  this  group  ;  for  instance,  oxygen  is  a  gas  which,  with  hydrogen,  forms 
the  liquid  water,  non-poisonous,  and  solid  already  at  0°  ;  the  other  elements, 
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on  the  contrary,  are  aU  solid  and  combine  with  hydrogen  to  form  gaseous 
compounds,  which  are  poisonous  and  difficult  to  liquefy. 

Even  from  a  thermochemical  standpoint  water  di£fers  considerably  {jrom 
the  other  hydrides,  being  strongly  exothermic,  with  a  heat  of  formation  of 
186  Kj.,  whilst  hydrogen  sulphide,  during  its  formation  from  H  and  S,  absorbs 
1'67  Kj.  Selenium  and  tellurium  also  form  endothermic  compounds  with 
hydrogen. 

The  aqueous  solutions  of  the  hydrogen  compounds  of  S,  Se,  and  Te  are 
decomposed  by  the  oxygen  of  the  air,  like  the  hydrogen  compounds  of  the 
halogens  ;  water,  on  the  contrary,  is  quite  unaltered. 

OXYGEN :  O,  i6 

Oxygen  exists  in  three  allotropic  modifications :  (1)  active  oxygen,  composed  of  free 
atoms  not  combined  to  molecules,  chemically  very  active,  and  capable  of  transforming 
CO  into  C0(  in  the  cold  ;  (2)  common  oxygen,  formed  of  molecules  containing  two  atoms 
of  oxygen  (O,),  as  it  is  found  in  the  air  ;  (3)  ozone,  0„  in  which  the  oxygen  has  almost 
the  same  properties  as  active  oxygen  (but  is  not  able  to  convert  CO  into  COg  in  the 
cold). 

Common  oxygen  was  discovered  and  studied  by  Soheele  in  1771  ;  he  prepared  it  by 
heating  manganese  dioxide  with  sulphuric  acid,  arsenic  acid,  or  nitric  acid,  from  mercuric 
oxide,  &c.  It  had  already  been  prepared  by  Hales  in  1727,  by  heating  minim,  but  without 
having  been  characterised.  At  about  the  same  time  as  Scheele  Priestley  independently 
obtained  the  gas  from  saltpetre,  but  only  succeeded  in  isolating  and  characterising  it  in 
1774  (in  August)  when  he  prepared  it  by  heating  mercuric  oxide.  Bayen  also  prepared 
it  in  1774  from  mercuric  oxide. 

Condoroet  called  this  gas  vital  air  ;  the  name  of  oxygen  was  given  to  it  by  Lavoisier, 
on  account  of  its  property  of  forming  adds. 

According  to  Duckworth,  the  Chinese  already  knew  oxygen  and  also  the  composition 
of  water  in  the  seventeenth  century,  and,  therefore,  a  long  time  before  Europeans. 

Lavoisier  predicted  the  use  of  oxygen  instead  of  air  in  order  to  obtain  more  rapid  and 
complete  combustion  in  furnaces  and  for  heat  production  generally  in  many  various 
industries,  in  order  to  avoid  heat  losses  through  the  chimneys,  through  the  useless  heating 
of  inert  gases  (nitrogen)  in  the  air 

Oxygen  is  the  most  abundant  and  important  component  of  terrestrial 
matter,  being  found  free  in  the  air  (21  per  cent,  by  volume  and  about  23  per 
cent,  by  weight),  combined  in  water  (about  89  per  cent,  by  weight),  in  minerals, 
in  acids,  in  organic  compounds,  and  in  the  constituents  of  animals  and  plants. 
In  the  vital  processes  of  plant  assimilation  oxygen  is  also  set  free  under  the 
action  of  sunlight  and  especially  of  the  rays  constituting  the  spectrum  from 
B  to  C  (red-orange) ;  the  minimum  development  of  oxygen  is  caused  by  the 
rays  E  to  &  (green).  Some  vegetable  cells  produce  oxygen  without  the  action 
of  light,  for  instance,  the  photometric  bacterium  and  other  purple  bacteria. 
The  oxygen  emanating  from  plants  does  not  contain  ozone,  *as  was  believed  at 
one  time. 

PHYSICAL  PROPERTIES  OF  OXYGEN.  Oxygen  is  a  colouriess, 
inodorous  gas.  Its  specific  gravity,  compared  with  air,  is  1*1056  ;  one  litre 
of  oxygen  weighs  1*4303  grm.  Natterer  was  not  able  to  liquefy  it  by  pressure 
even  at  1354  atmospheres.  In  1877  it  was  liquefied  almost  at  the  same  time 
by  C!ailletet  and  by  Pictet  {see  p.  29). 

The  critical  temperature  of  oxygen  is  —  118°  and  its  critical  pressure  is 
50  atmospheres.  When  liquid,  it  boils  at  —  182*5°,  at  which  temperature 
its  specific  gravity  is  1*118,  and  it  is  slightly  bluish  in  colour.  It  solidifies 
at  —  227°  on  throwing  a  jet  of  liquid  hydrogen  on  to  liquid  oxygen.  It  then 
forms  a  bluish  mass,  which  has  a  specific  gravity  of  1*426  at  —  252°. 

The  solubility  of  oxygen  in  water  is,  per  100  vols,  of  water  :  4*1  vols,  at  0° 
and  2*84  vols,  at  20°. 
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Platinum  and  silver  absorb  oxygen  when  melted,  giving  it  off  again  during 
solidification.    Four  grammes  of  charcoal  absorb  105  c.c.  of  oxygen. 

Oxygen  is  ordinarily  divalent,  but  some  recent  researches  and  some  organic  compounds 
cause  it  to  be  considered  as  tetravalent  in  certain  oases,  as  these  compounds  may  be 

derived  from  a  hypothetical  substance,  ozonium  (dihydrol)      yOC         (two  molecules  of  , 

water  condensed  to  one  molecule).  ! 

CHEMICAL    PROPERTIES    OF    OXYGEN.      Oxygen    does    not  itself 
burn,  but  supports  the  combustion  of  other  substances  much  more  energetically  ; 
than  air,  as  is  shown  by  the  following  experiments,  which  also  serve  to  dis-  , 
tinguish  oxygen  from  other  gases. 

(a)  Combustion  in  oxygen  of  a  glowing  splinter  ;  this  catches  fire  and  burns  vividly. 

(b)  Combustion  in  oxygen  of  a  lighted  taper  ;  this  bums  with  a  bright  light,  forming 
CO^,  which  renders  a  solution  of  barium  hydroxide  milky. 

(c)  Combustion  of  lighted  sulphur  in  oxygen  ;  burns  with  a  bright  blue  flame  and  forms 
SOi,  which  reddens  blue  litmus  paper. 

(d)  Combustion  of  lighted  carbon  disulphide  in  oxygen  ;  same  as  sulphur. 

(e)  Combustion  of  white  phosphorus  in  oxygen  ;  this  melts,  catches  fire,  and  bums  with 
a  very  intense  white  flame,  producing  a  white  powder  of  PaO^. 

(/)  Combustion  in  oxygen  of  an  iron  spiral  to  which  lighted  tinder  is  attached  ;  this 
bums,  forming  a  shower  of  sparks  and  producing  brown  iron  oxide. 

(g)  Combustion  of  magnesium  wire  in  oxygen  ;  this  gives  an  extraordinarily  intense 
white  light. 

(h)  Combustion  of  an  iron  wire  with  a  spirit  lamp  and  jet  of  oxygen  ;  the  iron  burns 
vividly  with  a  shower  of  luminous  sparks. 

Oxygen  combines  directly  or  indirectly  with  all  the  elements  except 
fluorine,  helium,  and  argon. 

The  combination  of  oxygen  with  other  substances  is  generally  called 
combtistion  if  accompanied  by  flame,  fire,  and  light,  as  shown  in  the  experi- 
ments just  recorded ;  if  it  takes  place  without  production  of  fire,  it  is 
called  oxidation,  e,g,  iron  oxidises  in  the  air,  producing  rust,  &c. 

The  temperature  of  ignition  of  various  substances  in  oxygen  and  in  air 
varies  greatly ;  phosphorus  ignites  at  60°,  hydrogen  at  680°  in  air  and  in 
oxygen,  the  vapours  of  carbon  disulphide  at  149°  in  air,  moist  carbon  monoxide 
at  650°  in  air  and  in  oxygen,  acetylene  at  420°  in  air  or  oxygen,  hydrogen 
sulphide  at  220°  in  oxygen  and  at  360°  in  air,  ammonia  at  700°-860°  in  oxygen, 
and  in  general  the  temperature  of  ignition  depends  also  on  the  velocity 
of  the  jet  of  gas  and  the  nature  of  the  vessel.  The  temperature  of  the  flame 
varies  with  the  nature  of  the  burning  substance  (see  p.  128). 

There  are  substances  which  catch  fire  spontaneously  in  the  air  when  in  a  state  of  extremely 
fine  division,  and  these  are  called  pyrophoric  aubstances.  Pb,  Fe,  Cu,  Ni,  P,  &c.,  are  easily 
obtained  in  this  condition.  A  simple  experiment  may  be  performed  with  pyrophoric 
lead,  which  is  obtained  by  thoroughly  igniting  lead  ta,rtrate  in  a  test-tube,  wiping  off  the 
water  from  the  sides  of  the  tube,  and  then  closing  it  with  a  rubber  stopper.  After  the  lead, 
which  remains  in  a  state  of  very  fine  subdivision,  has  cooled,  it  is  thrown  suddenly  into 
the  air,  when  it  catches  fire  with  production  of  sparks  and  flame.* 

*  A  pyrophoric  alloy  is  manufactured  which  produces  numerous  sparks  by  f^cntlc  friction ;  a  single  gramme 
of  this  powdered  alloy  can  be  used  thousauds  of  times  for  the  production  of  fire,  and  it  has  been  proposed  for 
many  practical  applications,  such  as  for  fireworks,  for  kindling  gas-jets,  firing  minost,  kindling  motor  lampa,  firing 
motors,  for  signalling  lamps,  &c.  This  alloy  contains  rare  metals,  especially  cerium,  lanthanum,  praseodymium, 
and  neodymium.  Ten  years  ago  a  single  gramme  of  this  alloy  cost  a  considerable  sum,  but  to-day  it  is  sold  at 
£4  16t.  per  kilo,  as  the  price  of  these  rare  metals,  which  are  obtained  by  the  electrolysis  of  their  fused  chlorides, 
has  diminished.  The  mixture  or  alloy  with  the  other  metals  is  prepared  by  special  machinery,  but  always  out  of 
a  contact  with  the  air,  as  it  easily  oxidises  or  catches  fire.  The  alloy  is  known  as  Auer  metal  and  is  sold  in  10-kilo 
blocks.  Its  pyrophoric  character  is  attributed  to  the  formation  of  suboxides  of  the  rare  metals.  The  best  effects 
are  produced  with  an  alloy  containing  30  per  cent,  of  iron  or  10  per  rent,  of  copper,  &c. ;  magnesium  produces 
fewer  sparks,  so  that  it  is  necessary  to  find  out  the  proportions  of  each  metal  which  are  needed  to  form  a  pyro* 
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The  ignition  of  moist  hay  in  ricks  and  of  oily  cotton  and  woollen  waste  is  also  due 
both  to  the  action  of  special  ferments  and  to  the  spontaneous  oxidation  of  finely  divided 
oil,  with  consequent  rise  of  temperature  and  final  ignition.  The  spontaneous  combustion 
of  coal -heaps  containing  pyrites  is  also  a  pyrophoric  phenomenon,  as  the  moisture  and 
oxygen  of  the  air  sometimes  convert  the  pyrites  into  FeS04  and  H^SOa,  and  in  this  way 
produce  so  much  heat  that  the  coal  is  ignited.  Finely  divided  platinum  is  also  able  to 
accelerate  the  oxidation  of  many  substances.  Fires  in  many  coal-mines  are  due  to  very 
fine  coal-dust  suspended  in  the  air,  and  similarly  spontaneous  fires  in  many  flour  mills 
may  be  ascribed  to  very  fine  flour  dust  in  suspension  ;  similar  remarks  apply  to  some 
milphur  refineries.  C.  Engler  (1907)  has  shown  that  the  danger  of  explosion  in  mines 
or  other  places  where  powdered  inflammable  substances  are  present  is  much  greater  when 
minimal  quantities  of  inflammable  gases,  such  as  firedamp  (methane),  coal-gas,  hydrogen, 
&e.,  are  also  present  in  the  air.  When  such  gases  are  absent  explosion  does  not  easily 
occur,  even  with  a  spark. 

Oxidations  and  all  direct  combinations  of  oxygen  with  other  elements 
only  occur  in  presence  of  minute  quantities  of  water.  K  the  reagents  are 
absolutely  dry  no  reaction  occurs.  Dry  phosphorus  does  not  bum  in  dry 
oxygen,  and  dry  hydrogen  appears  not  to  combine  with  dry  oxygen,  even 
with  the  electric  spark.  In  these  cases  water  may  exert  a  catalytic  contact 
action  which  initiates  the  reaction.  A  mixture  of  one  volume  of  oxygen  with 
two  volumes  of  hydrogen  (detonating  gas)  produces  a  strong  detonation  if 
fired  with  a  flame,  the  temperature  of  ignition  being  650°. 

By  projecting  the  flame  of  the  oxy-hydrogen  blowpipe  on  to  a  piece  of 
quicklime,  a  dazzling  light  is  obtained,  knowni  as  the  Drummond  light,  which 
18  used  in  lighthouses,  for  lanterns,  and  for  other  purposes.  The  oxy-hydrogen 
flame  (firom  H  and  O)  melts  iron,  platinum,  &c. 

Oxygen  is  respirable  even  alone,  and  may  also  revive  vitality  ;  it  is  there- 
fore employed  in  grave  cases  of  illness  when  the  breathing  is  hindered  and 
the  patient  would  certainly  succumb  if  it  were  not  possible  to  meet  the  needs 
of  the  organism  by  breathing  more  concentrated  oxygen  than  that  present 
in  the  air,  and  so  facilitating  a  more  rapid  oxidation  of  the  blood.  By  respira- 
tion of  purer  oxygen  the  blood  acquires  a  brighter  red  colour.  The  oxygen 
of  the  air  which  we  breathe  transforms  venous  into  arterial  blood  by  its 
absorption,  forming  COj.  Plants  also  breathe  air,  but  they  absorb  the  carbon 
dioxide  more  especially  and  emit  oxygen,  in  which  way  equilibrium  is  more 
or  less  established  in  nature  betw^een  the  activities  of  animals  and  plants, 
as  the  oxy^gen  consumed  by  animals  and  by  combustion,  with  production 
of  COg,  is  regenerated  by  plants  which  absorb  the  carbon  of  the  CO3  and  return 
free  oxygen  to  the  air.  For  the  life  of  fishes  a  minimal  quantity  of  oxygen 
is  required. 

A.  Mosso  showed  that  in  oxygen  at  two  atmospheres  pressure  many  animals  are  able 
to  live  even  in  presence  of  6  per  cent,  of  carbon  monoxide,  which  is  very  poisonous,  whilst 
under  ordinary  conditions  they  cannot  stand  even  one  part  per  thousand.  But  if  suddenly 
removed  from  such  an  atmosphere  into  the  outer  air  these  animals  quickly  died.  This 
fact,  studied  by  Mosso,  may  have  useful  application  in  the  case  of  miners  who  are  the 
victims  of  firedamp  explosions.  Many  of  these  unfortunate  people  die,  even  after  a  week, 
by  slow  poisoning,  whilst  if,  after  being  rescued,  they  were  placed  under  a  bell  in  oxygen 
compressed  to  two  atmospheres  or  air  at  ten  atmospheres  they  might  be  saved. 

Trials  made  in  1901  and  1902  appear  to  have  given  favourable  results. 

APPLICATIONS  OF  OXYGEN.  It  is  used  with  hydrogen  for  the 
fusion  and  welding  of  platinum,  since  the  method  was  perfected  by  Deville 
and  Debray  during  their  important  work  on  this  metal  (1852-1867).  In 
spite  of  its  very  high  melting-point  (1770°),  they  succeeded  in  melting,  welding, 

phoric  alloy  with  these  rare  metals.  Some  authorities  attribute  the  pyrophorlo  character  to  traces  of  oxide  which 
form  on  the  surface  of  thsje  matals,  whiL»t  others  miintaia  thit  it  is  due  tO  tU^  AaoQ^  ot  the  particles  yielded 
by  the  more  or  less  cotfrsely  roughened  surface. 
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and  ehaping  it  in  various  ways  by  meanB  of  the  oxy-hydrogen  blowpipe. 
In  this  way  they  contributed  considerably  to  the  progress  of  certain  branches 
of  chemistry  and  physics,  as  before  that  time  it  was  not  possible  to  construct 
platinum    apparatus    of    comphcated    form    for    any    purpose  ;     since  that 
time  much  platinum  apparatus  has  found  industrial  application.    Fig.  66 
shows  an  oxy-hydrogen  blowpipe  fed  by  hydrogen  and  oxygen  from  two 
steel  cylinders  which  contain  the  compressed  gases.     Oxygen  is  suppUed 
to  the  inner  and  hydrogen  to  the  outer  tube  of  the  blowpipe,  and  the  quantity 
of  either  can  be  regulated  at  pleasure,  so  that  a  reducing  or  oxidising  flame 
can  be  obtained  as  required.    For  autogenous  welding  of  iron  a  reducing 
flame  is  commonly  used.     For  some  years  the  oxy-hydrogen  flame  has  been  very 
advantageously  replaced    by 
the  oxy-acetylene  Same,  that 
is  to  say,  the  hydrogen  has 
been   replaced   by   acetylene 
either  from   a   gasometer  or 
from  an   acetylene   solution. 
It  has  the  advantage  of  yield- 
ing a  higher  temperature,  and 
whilst   in   a   reducing    flame 
about  4  cu.  metres  of  hydrogen 
are  required  per  cubic  metre 
of  oxygen,  only  700-800  htres 
of  acetylene  are  required  (».e. 
26  kilos  of  calcium  carbide). 
With    the    oxy  -  acetylene 
flame   large   plates    of    steel 
can  be  cut  with  the  greatest 
facility  and  precision  (armour 
plates,   &c.),   and   in   a   few 
PiQ  eg_  minutes  holes  of  5  to  10  cms. 

diameter  can  be  made  in 
blocks  of  iron  half  a  metre  and  more  in  thiclaiess.  The  autogenous  soldering 
of  iron,  aluminium,  and  copper  is  performed  with  the  greatest  ease  and 
perfection. 

The  employment  of  oxygen  in  combustion  in  general  has  a  secure  future,  and 
trials  which  have  been  made  in  large  works  have  shown  very  promising  results. 
By  its  employment  the  useless  heating  of  enormous  quantities  of  nitrogen, 
which  constitutes  four-fifths  of  the  air,  and  enters  cold  into  the  furnaces  to 
issue  through  the  ehimneya  at  260°-360°  without  having  played  any  part  in  the 
combustion,  is  avoided.  In  order  to  use  oxygen  for  this  purpose  furnaces  and 
hearths  of  special  type,  more  resistant  to  high  temperatures,  are  required ;  also 
the  chimneys  will  be  smaller,  a?  smaller  quantities  of  gas  are  formed. 

Trials  made  in  the  glass  industry  with  melting  furnaces  gave  good  results ; 
better  melts  were  obtained  in  less  time  with  a  saving  of  60  per  cent,  of  fuel 
(Thomas's  patent  1886  and  1891). 

Oxygen  is  used  in  England  to  purify  coal-gas  from  hydrogen  sulphide ; 
Lanung's  material  is  revivifled  by  a  current  of  oxygen,  which  oxidises  the 
ferrous  sulphide  and  separates  the  sulphur  (44  litres  of  oxygen  oxidise 
100  grms.  of  HjS). 

Oxygen  is  also  used  to  free  spirits  from  fusel  oil,  and  for  oxidising  oila 
used  in  varnish  manufacture,  and  for  bleaching. 

'Divers  are  able  to  use  oxygen  prejiared  by  the  action  of  sodium  peroxide 
on  water,  the  sodium  hydroxide  which  is  also  formed  serving  to  absorb  the 
expired  CO,  (aee  below). 
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Oxygen  is  also  used  by  aeronauts,  who  sustain  themselves  by  its  use  at 
high  altitudes  where  the  air  is  rarefied  and  respiration  needs  to  be  assisted. 
The  more  delicate  varieties  of  fish  have  now  been  successfully  transported 
alive  for  journeys  of  100  hours'  duration  by  being  kept  in  vessels  in  com- 
munication with  oxygen. 

The  oxy-hydrogen  or  oxy-acetylene  blowpipe  is  used  to  perforate  plates 
or  blocks  of  iron ;  the  jet  is  impinged  on  to  the  object,  and  when  it  is  hot 
the  hydrogen  or  acetylene  is  cut  off  and  the  stream  of  oxygen  continued ; 
in  a  block  of  iron  more  than  a  metre  thick  a  hole  as  thick  as  a  man's  arm 
can  be  made  in  three  or  four  minutes. 

The  use  of  pure  oxygen  is  now  widely  diffused  medicinally,  as  it  is  advan- 
tageously used  in  cases  of  asphyxia,  asthma,  autointoxication,  pulmonary 
diseases,  heart  diseases,  anaemia,  and  diabetes;  it  has  a  cicatrising  action 
in  the  cure  of  wounds  and  purulent  inflammations.  In  1907  a  private  hospital 
was  established  in  London  where  treatment  by  means  of  oxygen  alone  is 
practised. 

It  may  be  used  for  the  production  of  ozone,  instead  of  air,  in  order  to 
avoid  the  formation  of  nitrous  products. 

The  various  uses  of  oxygen  for  high  temperature  production  by  burning 
together  with  hydrogen  have  already  been  discussed  under  the  heading  of 
the  latter  element  (p.  129). 

SALE  OF  OXYGEN.  Oxygen  is  supplied  in  cast-steel  cylinders  at  120  to  130  atmo- 
spheres pressure ;  the  cylinders  are  tested  every  two  years  to  a  pressure  of  250  atmospheres ; 
obviously  each  cylinder  contains  130  times  its  capacity  of  oxygen  at  the  ordinary  pressure. 
These  steel  cylinders  ordinarily  contain  1},  4^,  or  6}  kilos  of  compressed  oxygen,  that  is, 
1,  3,  or  6  cu.  metres,  and  the  weight,  including  cylinder,  is  12  to  13  kilos  per  cubic 
metre  of  oxygen.  A  knowledge  of  these  data  is  useful  as  from  them  the  cost  of  transport 
of  the  bomb  backwards  and  forwards  can  be  calculated. 

When  oxygen  is  required  in  the  laboratory  at  a  lower  pressiu^e  a  pressure-regulator 
of  very  simple  character  is  used,  consisting  of  a  glass  cylinder  almost  full  of  mercury 
closed  with  a  glass  stof^r  fitted  with  two  tubes  ;  one  of  these  dips  more  or  less  deeply 
into  the  mercury  and  serves  as  a  delivery  tube  for  the  oxygen  from  the  cylinder,  whilst 
the  other  conducts  the  gas  to  the  apparatus  in  which  it  is  required.^  The  current  of  gas 
can  thus  be  regulated  by  immersing  the  tube  more  or  less  deeply  in  the  mercury.  The 
pressure  regulators  used  industrially  are  analogous  to  those  illustrated  in  the  chapter  on 
Liquid  Carbon  Dioxide. 

The  price  of  oxygen  in  small  quantities  for  the  laboratory,  for  medical  use,  &c.,  is 
about  5*.  to  6«.  8rf.  per  1000  litres,  compressed  in  steel  cylinders.  The  steel  cylinder  costs 
£1  I2s,  to  £2  Sa.,  according  to  size,  but  is  lent  on  hire  by  the  manufacturers.  On  the  large 
scale  1000  litres  of  industrial  oxygen  (containing  8  to  12  per  cent,  of  nitrogen)  cost 
about  2s.  6c{. 

According  to  the  official  statistics  the  amount  of  oxygen  produced  in  Italy  was  21,000 
cu.  metres  in  1906  and  29,000  cu.  metres  in  1907,  valued  at  £6600,  and  the  production 
.should  be  notably  increased,  as  several  new  works  are  being  started  to  produce  it  from 
liquid  air. 

In  Germany,  in  1908, 8000  cu.  metres  of  oxygen  were  produced  by  Brin's  process,  342,000 
clcctrolytically,  and  2,200,000  cu.  metres  from  liquid  air.  This  latter,  when  for  industrial 
use  (with  10  to  12  per  cent,  of  nitrogen)  and  when  used  on  the  spot  without  compression, 
costs  about  1^.  per  cubic  metre. 

LABORATORY  PREPARATION.  Apart  from  the  electrolytic  decom- 
position of  water  {see  Hydrogen,  p.  134)  oxygen  is  commonly  obtained  by 
heating  potassium  chlorate  in  a  retort ;  the  reactions  are  as  follows  : 

(a)  4KCIO3  =  KCl  +  3KCIO4  ;    and  (b)  KCIO4  =  KCl  +  20.. 
The  development  of  oxygen  commences  when  the  chlorate  is  quite  fused, 

*■  Tramttator'i  fM<#.— It  li  obYiooB  thftt  by  tbii  meaoB  the  pressure  oould  only  be  lessened  to  a  very  limited 
extent. 

I  12 


178 


INORGANIC    CHEMISTRY 
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that  is,  above  350°  ;   on  heating  still  further  the  mass  swells  up  and  the  gas 
evolution  becomes  copious  and  almost  tumultuous. 

By  adding  a  small  quantity  of  the  following  oxides  a  regular  gas  evolution 
is  produced  at  a  lower  temperature  : 

Oxides  added  FejO,        MnO,        CuO         Platinum  black         PbO, 

O  developed  at  120°  206°         236°  270°  285° 

The  first  three  oxides  also  cause  spontaneous  decomposition  of  the  mass 

during  the  reaction.  An 
addition  of  NaCl  or  KCl 
retards  the  reaction  and 
renders  it  more  regular 
(12  parts  of  KCIO3, 6  parts 
NaCl,  1  part  MnOg). 

When  the  above-men- 
tioned   oxides    are     em- 
ployed the    oxygen  con- 
tains    small     traces     of 
chlorine,  and  also  of  CO, 
if    the    chlorate    is    im- 
,pure.      The    chlorine     is 
^^'  eliminated  by  washing  the 
oxygen    with    a    solution 
of  NaOH,  or  by  suspend- 
ing a  little  bag  of  copper  hydroxide  in  the  gasholder. 

The  preparation  of  oxygen  from  KClOj  by  inexpert  operators  has  led  to  terrible  explo- 
sions and  loss  of  life.  Admixture  with  the  chlorate  of  small  pieces  of  organic  rubbish 
(paper,  fibres,  wood,  &c.)  may  cause  fatal  explosions.  The 
same  thing  may  happen  if  the  tube  in  which  the  gas  is 
developed  is  too  narrow.  In  the  laboratory  a  cylindrical 
iron  tube.  A,  is  often  used  for  heating  the  mixture,  closed 
with  a  screw  cover  (Fig.  67),  and  with  a  wide  delivery  tube,  6. 
The  front  portion  of  the  tube,  near  the  delivery  tube,  is  first 
heated  and  the  flame  is  then  gradually  moved  to  the  other 
extremity,  c.  With  this  apparatus  large  quantities  of  oxygen 
can  be  prepared  without  danger. 

The  oxygen  which  is  evolved  is  washed  in  Woulff 's  bottles 
with  NaOH,  and  is  then  collected  in  a  gasholder  by  displace- 
ment of  the  water  by  entry  through  the  lower  opening  B  by 
means  of  the  tube  O  (Fig.  68).  As  the  gas  enters  the  same 
volume  of  water  escapes.  When  the  gasholder  is  full  the 
opening  B  is  closed  with  a  stopper,  and  when  oxygen  is 
required  it  is  withdrawn  from  the  tube  R,  provided  with  a 
tap,  being  replaced  in  the  gasometer  by  water  from  the  funnel 
T  through  the  tap  H\  and  the  long  tube  reaching  to  the 
bottom  of  the  gasometer.  Such  gasholders  of  glass  or  metal 
are  very  useful  in  any  case  in  which  a  gas  is  to  be  collected 
by  displacement  of  water. 

Another  method  of  preparing  oxygen  is  by  heating 
certain  metallic  oxides  such  as  mercuric  oxide :    2HgO  =  2Hg  +  Og,  or  the 
peroxides  of  manganese,  barium,  lead,  &c. 

SMnOg  =  Mn304  +  O2  (at  a  red  heat). 
SPbOj  =  Pb304  +  O2. 
BaOj  =  BaO  +  O  (industrial  method). 

Webster's  method  consists  in  heating  various  potassium    oxy-salts,  for 
example,   potassium  nitrate,   which  yields  oxygen  and    potassium   nitrite: 


Fio.  68. 
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KNO3  =  KNO2  +  0.  If  the  temperature  is  too  high  nitrogen  is  also  formed  : 
2KNO2  =  K«0  +  N2  +  30 ;  by  the  addition  of  a  little  ZnO  the  reaction 
can  be  made  to  take  place  at  a  lower  temperature.  The  development  of 
oxygen  by  this  reaction  can  be  shown  by  throwing  a  small  piece  of  lighted 
carbon  on  to  the  surface  of  fused  potassium  nitrate  in  a  capsule  ;  the  carbon 
immediately  burns  away  rapidly  in  contact  with  the  nascent  oxygen  which 
is  evolved. 

Pure  oxygen  is  obtained  by  heating  potassium  permanganate  moderately :  4KMn04 
=  2K^Mn04  +  Mn,0,  +  O5 .  ^ 

Oxygen  can  be  prepared,  as  was  already  done  by  Scheele,  by  heating  MnO,  with  sulphuric 
acid  or  with  sodium  disulphate,  NaHS04,  as  this  does  not  destroy  the  retort  at  a  dull 
red  heat : 

MnO,  +  H^O^  -  MnSO^  +  H,0  +  0. 

If,  however,  these  reagents  contain  chlorides  the  oxygen  will  be  mixed  with  chlorine. 
MnO(  may  also  be  heated  with  silica,  when  it  forms  oxygen  and  manganese  silicate  :  MhO^ 
+  SiO,  «  MnSiO,  +  0. 

A  very  regular  development  of  pure  oxygen  is  obtained  by  heating  in  a  retort  3  parts 
of  potassium  bichromate  and  4  parts  of  strong  sulphuric  acid  : 

KjCr.Oy  +  4H,S04  =-  KjSO^  +  ^,(804)3  +  4H,0  +  30. 

Oxygen  can  be  prepared  at  the  ordinary  temperature  from  a  mixture  of  3  mols.  of  BaO^ 
and  1  mol.  of  K^Cr^Of  with  dilute  sulphuric  add.  Or  a  mixture  of  equal  parts  of  barium 
and  lead  peroxides  (BaO^  and  Pb02)  with  dilute  nitric  acid  may  be  employed.  In  both 
these  cases  hydrogen  peroxide  (H^Oa)  is  first  formed  and  yields  oxygen  in  contact  with 
chromium  or  lead  oxide.  Cubes  made  of  a  paste  of  two  parts  of  BaOg  and  one  part  of 
gypsum  are  very,  useful  as  they  can  be  employed  in  a  Kipp  apparatus  with  dilute  HCl 
(Neumann,  1887).  In  this  case  the  oxygen  contains  chlorine,  and  explosions  often 
occur. 

Instead  of  BaO^  Volhard  proposes  the  use  of  chloride  of  lime,  CaOClg,  with  hydrogen 
peroxide  sufficiently  acidified  with  HCl  or  HNO3  to  neutralise  all  the  lime : 

CaOCl,  +  H,0,  «  CaCl,  +  H,0  +  O,. 

More  precisely,  he  uses  300  grms.  of  CaOClj  (showing  35  per  cent.  CI  on  titration),  1  litre 
of  H,0,  (of  3  per  cent.  0)  and  73  c.c.  HNO,  of  sp.  gr.  1-36  or  67  c.c.  Hd  of  sp.  gr.  1-17. 
Oxygen  is  obtained  in  the  cold  from  calcium  h3rpochlorite  by  a  mixture  of  iron  sulphate 
and  copper  sulphate,  which  acts  as  a  catalyser  (Jaubert,  1905). 

Also  100  O.C.  of  hydrogen  peroxide  (3  per  cent.),  made  alkaline  with  ammonia,  develops 
one  litre  of  oxygen  in  the  cold  when  treated  with  a  dilute  (0*3  per  cent. )  solution  of  potassium 
permanganate.  Hydrogen  peroxide,  made  alkaline  with  ammonia,  easily  develops  oxygen 
with  a  solution  of  potassium  ferricyanide,  which  is  converted  into  the  ferrocyanide : 

2Pe(CN)^,  +  2K0H  +  H,0,  =  2Fe(CN)aK4  +  2H,0  +  0,  (Kassner's  method). 
58  snuB.  100  0.0.  2  litres 


Instead  of  H^O^  one  may  also  employ  BaO^  in  this  process.  In  both  these  cases  we 
have  an  apparently  paradoxical  result,  namely,  the  reduction  of  the  ferricyanide  by  an 
oxidising  agent. 

Sulphuric  acid,  in  common  with  some  sulphates,  such  as  zinc  sulphate,  decomposes  as 
follows  when  thrown  on  to  a  red-hot  plate :  H2SO4  «=  SO,  +  H,0  +  0  ;  by  passing 
the  gases  through  water  and  KOH  solution  the  SO2  is  absorbed  and  free  oxygen 
obtained  (Debray  and  Deville).  By  the  action  of  chlorine  on  steam  at  120°,  we  have : 
a,  +  H,0  -  2Ha  +  O,. 

Mallet  transforms  Cu^a ,  with  steam  at  100°  to  200°  into  CuOCl,  which  gives  Cu,a,  +  0 
at  400°.  Industrially  oxygen  is  prepared  by  the  electrolysis  of  water,  either  acidified  or 
made  alkaline  as  we  have  seen  when  considering  hydrogen. 

We  give  below  a  summary  of  the  yields  of  oxygen  prepared  by  various  chemical 
methods: 
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1  kilo  KClOs  produces  274  litres  O,  and  100  litres  cost  lid. 

„     MnO,  +  H2SO4  +  HjOj  „  129            „            „            „        4s.  5d. 

„     MnOj  (at  red  heat)  „          86            „ 

,,     H2SO4  „  114 

„     ZnSO^  „          39 

„     NaNOa  „  329 

„     CaOClj  (35  %)  +  H,Oj  „          62            „            „            „        45.  lOd. 

„     BaOf  (theoretically,  „  120            „ 
but  practically  one-half) 

PHYSICAL  METHODS  OF  PREPARING  OXYGEN.  Mallet  based 
a  method  on  the  property  of  water  of  dissolving  more  of  the  oxygen  than 
of  the  nitrogen  of  the  atmosphere,  so  that  by  liberating  the  gas  and  absorbing 
it  anew  it  is  continually  emiched  in  oxygen,  and  after  the  operation  has  been 
repeated  four  times  contains  75  per  cent.  Helouis  improved  this  method 
by  employing  a  20  per  cent,  solution  of  glycerine  instead  of  water. 

By  repeated  passages  through  a  sheet  of  india-rubber  air  can  be  enriched  in  oxygen 
up  to  90  per  cent.  (Graham,  Margis,  &c.). 

Montmagnon,  de  Laire,  and  E.  Schmidt  prepared  oxygen  by  making  use  of  the  fact 
that  charcoal  absorbs  more  oxygen  than  nitrogen  from  the  air. 

On  the  large  scale  oxygen  is  prepared  by  liquefying  air  and  then  allo^eing  the  nitrogen 
to  evaporate  {see  heJow). 

Oxygen  is  paramagnetic,  that  is  to  say,  it  is  attracted  by  a  magnet,  whilst  nitrogen 
is  magnetically  inactive  ;  this  property  of  the  former  gas  is  especially  evident  in  the  liquid 
state,  so  that  the  proposal  has  been  made  to  separate  the  oxygen  from  the  nitrogen  of 
the  air  by  a  centrifugal  machine  in  presence  of  a  magnet ;  the  oxygen  is  also  the  denser  of 
the  two  liquids,  and  separates  as  a  distinct  layer  ;  however,  the  process  is  not  practical. 

INDUSTRIAL  METHODS  OF  PREPARING  OXYGEN.  The  largest 
quantities  are  produced  by  the  physical  methods  just  discussed. 

The  chemical  method  which  has  been  most  successful  up  to  the  present 
is  that  of  the  brothers  Brin  (formerly  Brin's  Oxygen  Company,  London), 
which  is  based  on  reactions  already  discovered  by  Boussingault :  On  heating 
barium  oxide,  BaO,  in  porcelain  tubes  to  600°  in  a  current  of  air,  free  from 
CO2,  it  forms  barium  peroxide,  BaOg,  and  at  a  temperature  of  800°  this  is 
again  split  up  into  BaO  +  O. .  On  now  lowering  the  temperature  again 
to  500°  the  regenerated  barium  oxide  absorbs  further  oxygen  from  the  air 
with  formation  of  the  peroxide,  which  again  gives  up  this  oxygen  at  800° ; 
100  grms.  of  BaO  yield  in  this  way  5-6  litres  of  oxygen.  This  method  is 
interesting  on  account  of  the  continuous  regeneration  of  the  intermediate 
product,  Ba02,  without  any  loss  of  secondary  products. 

In  practice,  however,  many  difficulties  were  encountered,  the  most  serious  being  the 
fact  that  the  barium  oxide  was  found  to  gradually  lose  its  power  of  absorbing  oxygen 
and  had  therefore  to  be  often  renewed. 

In  1868  Gondolo  tried  to  avoid  this  inactivity  of  the  BaO  by  adding  CaO,  MgO,  potassium 
permanganate,  &c.,  but  all  proved  useless.  The  true  reason  why  the  BaO  became  inactive 
was  not  discovered  till  much  later.  In  1881  the  brothers  Brin  discovered  that  in  order  to 
keep  the  BaO  active  it  was  necessary  to  employ  dry  air,  free  from  CO,  and  organic 
substances,  and  generally  from  substances  capable  of  yielding  CO2  on  combustion,  as  other- 
wise barium  carbonate,  BaCOg,  is  formed,  and  with  water  barium  hydroxide,  Ba(OH)2, 
which  are  inactive  products,  and  only  decomposed  at  much  more  elevated  temperatures. 

In  1883  the  brothers  Brin  took  out  a  patent  for  this  method  (Ger.  Pats.  15,298  and 
59,132),  and  after  various  improvements  they  applied  it  industrially  in  England  and 
Germany.  The  air  is  purified  by  passing  through  sodium  hydroxide  solution  or  granulated 
sodium  hydroxide,  the  sodium  carbonate  which  is  formed  being  otherwise  utilised  ;  it  is 
then  dried  with  quicklime,  after  which  it  enters  cylindrical,  vertical,  cast-iron  retorts,  B, 
contained  in  a  furnace,  C  (Fig.  69).  The  retorts  contain  hard  porous  BaO,  obtained  by 
heating  bftrium  nitrate  to  880°  ;    Ba(N08)j  =  BaO  +  0,  +  NjO^,  the  jdeld  being  50  p^ 
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cent,  by  weight  of  the  nitrate  ;  tho  BaO  costs  about  £80  por  ton  {see  other  methods  of  pre- 
paration in  the  chapter  on  Barium  Nitrate,  Fart  HI).  The  temperature  of  the  BaO  in 
the  retort  is  kept  at  atiout  660°  by  means  of  the  producer,  0,  tho  hot  gasos  from  whieh 
enter  through  B  into  the  space,  G,  surrounding  the  retorts.  The  air  is  under  a  pressure  of 
l^atmoapheroa,  and  in  this  way  the  absorption  of  oxygen  is  very  rapid.  T}ie  air  is  then 
shut  oS,  the  temperature  raised  to  700°,  and  tho  retorts  evacuated  to  a  pressure  of -6  cms. 
of  mercury  only.  In  vacuo  the  oxygen  is  given  off  more  easily  and  at  a  lower  temperature 
(7IX>°  instead  of  800°).  The  air  which  enters  through  the  tubes  J  and  Y  has  to  pass  through 
the  whole  length  of  BaO  in  the  long  retorts,  and  when  the  temperature  has  been  raised  to 
"00°  the  evolved  oxygen  is  led  to  the  gasometers  by  the  tube  Z. 

Each  operation  lasts  about  fifteen  minutes,  and  the  yield  is  about  10  litres  of  oxygen 
per  kilo  of  BaO.      At  one  time  as   much  as   40  litres   of   oxygen  per  kilo  of  BaO  were 
obtained,    but   the    operation   lasted   two   hours ; 
now  the   yield  is   apparently  less,  but   in  reality 
tery  much  more  in  obtained  por  unit  of  time,  the 
cost  remaining  the  same. 

The  Brin  process  was  improved  in  1900  by 
increasing  the  useful  life  of  the  BaO  by  depositing 
it  in  thin  layers  on  tho  surface  of  inert  materials 
in  a  finely  divided  state  ;  it  then  lasts  as  long  as 
forty  daj's  without  diminution  of  the  yield. 

Oxygen  prepared  in  this  manner  contains  90 
per  cent,  of  O  and  10  per  cent,  of  N,  and  cbats 
1*-W.  to  l-9d.  per  cubic  metre  altogether,  in- 
cluding amortisation,  fuel,  power,  4o. 

Tlie  iiiaQufacture  of  oxygen  by  means 
of  liquid  air  has  now  acquired  great  im- 
portance. Thin  method,  which  is  becoming 
of  more  importance  than  all  the  others, 
will  be  discussed  in  detail  further  on  in 
the  chapter  on  Liquid  Air. 

To  obtain  pure  oxygen  industrially,  for  the 
laboratory  and  for  medical  use,  free  from  carbon  ^la   69 

monoxide   and   dioxide  and   from    hydrocarbons, 

Dutremblay  and  Lugan  revived  in  1897-1899  a  method  ot  Tessi^  du  Motay,  proposed  in 
1867  and  then  forgotten.  This  consists  In  the  decomposition  of  sodium  permanganate  in 
numerous  vertical  retort*  {14  cms.  in  diameter  and  2-40  metres  high)  which  are  healed 
lo  500°  in  a  fiunace  and  evacuated  in  presence  of  superheated  steam.  The  first  phase  of 
the  reaction  is : 

Na^O,  +  H,0  =  2NaOH  +  MiiO,  -^  0  ; 
the  oxygen  is  then  washed  with  a  cold  alkaline  solution  and  coUeeled  in  gasometers.     In 
the  second  phase  the  manganate  is  regenerated  by  passing  through  the  retort  a  current 
of  dry  purified  air  at  300°  : 

MuO.  +  2NaOH  -h  0  =  Na^nO,  -t-  H,0  (the  inverse  reaction). 
With  twenty  retorts  in  twenty-four  hours  100  cu.  metres  ot  pure  oxygen  are  produced. 

The  production  of  oxygen  by  electrolysis  of  copper  sulphate  has  been  propoited,  by 
which  means  electrolytic  copper,  sulphur  trioxide,  and  oxygen  would  be  obtained.  But 
there  would  always  be  danger  of  obtaining  hydrogen  mixed  with  tho  oxygen. 

Oxygen  is  also  obtained  by  the  action  of  water  on  sodium  peroxide,  slowly  in  tho  cold, 
but  rapidly  on  warming  ;   Na,0,  +  H,0  =  2NaOH  +  0. 

This  method  is  used  on  the  large  scale  for  tho  bleaching  of  woollen  and  silken  fabrics  ; 
but  it  is  necessary  to  bear  in  mind  that  the  alkaline  solution  of  sodium  hydroxide  is  injurious 
to  wool  and  silk  ;   the  alkali  must  therefore  bo  neutraUsed  with  an  acid  as  it  is  formed. 

By  means  of  this  reaction,  then,  which  takes  place  in  the  cold,  we  are  able  to  produce 
conditions  favourable  to  the  oxygenation  of  the  air  and  absorption  of  CO,  In  confined 
.'paces  in  cases  of  illness  or  where  large  numbers  of  people  are  assembled,  as  the  sodium 
hydrate  whieh  is  formed  absorbs  CO, ;  Na,0,  may,  therefore,  also  be  used  in  diving-bcllF, 
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Dr.  Coehn  in  1894  (Ger.  Pat.  76,930)  proposed  to  electrolyse  water,  using  a  depo- 
lariser  at  the  negative  pole  to  avoid  the  evolution  of  hydrogen  and  collecting  the  oxygen 
at  the  positive  pole  ;  in  order  to  utilise  the  half  of  the  electrical  energy  which  disappears 
at  the  negative  pole  through  the  action  of  the  polariser,  lead-accumulator  plates  are  used 
for  this  purpose  and  become  charged  with  electric  energy.  This  method  has  not  yet 
been  actually  used. 

Among  the  various  electrolytic  methods,  the  best  results  have  been  obtained  by  the 
electrolysis  of  alkaline  water  by  Garuti's  system  {aee  Hydrogen)  or  by  that  of  Schuckert 
&  Co.  in  Hanau,  who  since  1897  have  used  alkaline  solutions  with  a  non-porous  diaphragm 
of  hard  rubber  (see  Hydrogen)  producing  oxygen  at  O-iBd,  to  hdd,  per  cubic  metre  as 
against  2«.  per  cubic  metre  by  the  chemical  methods. 

G.  Eassner  proposed  in  1890  and  perfected  in  1900  his  calcium  plumbate  method, 
which  became  of  practical  importance.  Whilst  oxygen  prepared  by  other  methods  only 
contains  75*8  per  cent,  of  pure  oxygen,  by  his  process  oxygen  of  98  per  cent,  is  obtained* 
Calcium  plumbate,  Ca^PbOf,  is  heated  in  presence  of  pure  CO^  and  is  then  regenerated 
(Ger.  Pat.  62,459). 

The  electrolysis  of  dicarbonates  may  have  a  certain  practical  importance  for  the 
simultaneous  preparation  of  oxygen,  caustic  soda,  and  hydrogen. 

NaHCOj  +  H,0  -  H,  -h  NaOH  +     CO,  -h  O 

— ^^— ^■^~— ^^■— "^^^^  '• 

negative  pole       positive  pole 

This  method  has  been  practically  studied  since  1901,  but  is  not  known  to  have  yet 
achieved  industrial  success. 

We  will  record  on  accoimt  of  their  curiosity  the  attempts  made  by  Mazza  to  prepare 
oxygen  by  centrifugating  air.  The  experiments  were  started  at  Turin  in  1901  in  a  cylin- 
drical sieve  with  a  velocity  of  1000  revolutions  per  minute.  The  process  has  now  been 
patented  by  Claude  of  Paris.  The  results  were  absolutely  negative  and  could  not  have  been 
otherwise.  The  method  has  not  taken  into  account  the  substantial  difference  between 
a  liquid  (such  as  milk)  and  a  gas  which  has  a  very  large  molecular  velocity  (hydrogen  about 
2000  metres  per  minute)  and  which  would  be  influenced  with  difficulty  by  the  ordinary 
methods  which  are  at  our  disposal ;  to  this  must  be  added  that  the  molecular  velocity 
of  oxygen  differs  slightly  from  that  of  nitrogen.  In  1906  Mazza  believed  that  he  had 
perfected  his  method,  and  took  out  new  patents. 

The  methods  which  are  now  contending  for  the  ascendancy  in  the  pro- 
duction of  large  quantities  of  oxygen  at  a  cheap  rate  on  a  commercial  scale 
are  :  Brin's  method  with  barium  oxide ;  the  electrolytic  method,  by  which 
very  pure  oxygen  can  be  obtained  (in  practice  as  much  as  3  per  cent,  of 
hydrogen  may  be  present  without  any  danger),  the  most  used  process  of  this 
character  being  that  of  Garuti,  which  we  have  described  in  the  chapter  on 
Hydrogen  (and  in  this  case  oxygen  is  also  obtained,  together  with  double  the 
volume  of  hydrogen) ;  finally  the  method  by  means  of  liquefaction  of  air, 
of  which  we  will  give  further  details  later  (Liquid  Air). 

ANALYSIS  OF  OXYGEN.  Ordinarily  quaUtative  tests  are,  made  for  impurities 
(CO,,  HgS,  CI,  &;c.)  by  passing  through  suitable  reagents.  The  quantitative  examination 
is  usually  confined  to  a  determination  of  the  quantity  of  oxygen  absorbed  by  an  alkaline 
solution  of  pyrogallic  acid  in  the  Orsat  apparatus  described  later  in  the  chapter  on  Carbon 
Dioxide. 

ACTIVE  OXYGEN 

For  some  years  this  was  supposed  to  be  identical  with  ozone,  but  Baumann,  Hoppe- 
Seyler,  and  Traube  have  all  repeatedly  shown  that  active  oxygen  has  certain  more  ener- 
getic oxidising  properties  than  ozone,  tor  instance,  it  oxidises  CO  to  CO^  even  in  the 
oold. 

Active  oxygen  is  formed  particularly  by  contact  of  air  with  water  under  certain  condi- 
tions ;  also  by  contact  of  0  with  hydrogenised  palladium  and  by  phosphorus  in  contact 
with  air  and  water,  in  which  case  hydrogen  peroxide  and  ozone  are  also  formed. 

It  is  supposed  that  active  oxygen  is  oxygen  in  the  atomic  state,  and  that  this  accounts 
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for  its  great  chemical  activity.  A  substance  other  than  hydrogenised  palladium,  phosphoma^ 
&c.,  which  is  capable  of  activating  oxygen  is  turpentine,  which  exerts  this  power  strongly 
in  the  cold,  and  still  more  actively  at  100^. 

Engler  and  his  pupils  have  devoted  themselves  more  especially,  during  the  last  few 
years  (1898-1901).  to  the  study  of  active  oxygen,  and  have  arrived  at  the  hypothesis  that 
it  is  not  composed  of  atoms  of  free  oxygen  but  is  formed  of  active  compounds,  a  species 
of  peroxides  of  oxygen,  which  very  easily  cede  one  atom  of  very  active  oxygen  in  various 
chemical  reactions. 

The  question  is  not  yet  completely  settled. 

OZONE:  O3 

Van  Marum  already  noticed,  in  1785,  the  special  odour  which  is  developed  when  electric 
discharges  take  place  in  oxygen  or  air,  and  how  these  gases  have  then  the  capacity  of 
increasing  the  luminosity  of  mercury.  It  was  not  until  1840  that  Schonbein  discovered  the 
cause  of  these  phenomena,  and  named  the  substance  which  was  formed  and  had  this  odour, 
and  which  he  succeeded  in  preparing  by  various  methods,  ozone.  He  prepared  it,  mixed 
with  oxygen,  by  electrolysis  of  water,  and  by  the  slow  combustion  of  phosphorus. 

Ozone  and  hydrogen  peroxide  are  present  in  small  quantities  in  atmospheric  air. 
De  Thierry  determined  the  ozone  at  various  altitudes  ;  at  1050  metres  he  found  3-5  mgrms. 
per  cubic  metre  of  air  and  at  3020  metres  he  found  9-4  mgrms.  per  cubic  metre  (four  times 
more  than  in  Paris).  Ozone  is  formed  in  the  neighbourhood  of  waterfalls,  and  in  general 
i.s  abundant  where  much  water  is  evaporated  spontaneously.  During  thunderstorms 
appreciable  quantities  of  ozone  are  formed. 

According  to  Arnold,  fresh  unboiled  milk  turns  guaiacum  tincture  blue  and,  therefore, 
contains  ozone  (?).  It  is  admitted  by  many  that  the  oxygen  expired  by  plants  contains 
no  ozone. 

FORMATION  OF  OZONE.  Ozone  is  formed  on  heating  peroxides, 
e,g.  barium  peroxide,  BaOj,  or  potassium  permanganate,  with  strong  sulphuric 
acid,  or  on  heating  peroxides  in  a  current  of  oxygen  to  the  temperature  at 
which  they  decompose : 

BaOj  +  H2SO4  =  BaS04  +  H^O  +  O  rich  in  ozone. 

Ozone  is  formed  during  the  electrolysis  of  Mater  together  with  the  oxygen 
at  the  positive  pole.  It  is  formed  by  slow  oxidation  in  a  large  bottle  con- 
taining moistened  phosphorus,  partly  immersed  in  water,  and  still  more 
easily  if  a  few  drops  of  bichromate  are  added.  It  is  also  formed  on  burning 
hydrocarbons  or  by  passing  electric  discharges  through  oxygen  or  air. 

Ozone  is  also  formed  when  fluorine  acts  on  water  at  0°  (Moisan,  1899). 

Generally  speaking,  one  is  unable  to  transform  more  than  9  per  cent,  of 
the  oxygen  present  into  ozone  (whether  it  is  pure  or  present  in  the  diluted 
form  as  air). 

However,  F.  Fischer  and  K.  Massenez  (1907)  obtained  oxygen  containing 
23  to  28  per  cent,  of  ozone  by  electrolysing  sulphuric  acid  of  density  between 
1*223  and  1'07  by  a  current  of  80  amps,  per  sq.  cm.,  cooling  the  platinum 
electrodes  continuously.  By  working  at  a  tension  of  7*8  volts  they  obtained 
a  yield  of  7*2  grms.  of  ozone  per  kw.-hour. 

Nemst  showed  in  1903  that  free  atoms  of  oxygen  condense  to  ozone  only 
when  their  concentration  is  ten  to  twenty  times  greater  than  in  ordinary  oxygen. 
The  equilibrium  conditions  for  the  system  ozone-oxygen  at  high  temperatures 
can  be  calculated  to  be  0*3  per  cent,  of  ozone  at  the  absolute  temperature 
of  1569^  1  per  cent,  at  2321°  absolute,  and  10  per  cent,  of  ozone  at  4773° 
absolute ;  therefore  one  can  deduce  that  ordinary  oxygen  should  be  trans- 
formed spontaneously  into  ozone  when  exposed  to  an  elevated  temperature 
and  pressure.  In  order  to  separate  the  ozone  rapidly  in  such  a  manner  that 
it  should  not  decompose,  it  was  passed  directly  at  this  elevated  temperature 
into  liquid  air,  and  the  nitrogen  oxides  which  had  formed  together 
with  the  ozone  then  separated  as  a  flocculent  solid,  whilst  the  ozone  remained 
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in  solution,  and  on  filtering  the  liquid  air  to  remove  the  nitrogen  oxides  and 
then  evaporating  it,  the  liquid  ozone  remained ;  it  was  of  an  intense  blue 
colour  and  evaporated  at  —  119°.  Ozone  is  formed  very  easily  by  passing 
the  electric  arc  through  liquid  air  or,  better  still,  through  liquid  oxygen, 
as  in  this  way  the  formation  of  nitrogen  oxides  is  avoided. 

Ozone  is  also  formed  by  impinging  a  jet  of  air  on  to  a  Nemst  lamp  (1909) ; 
also  by  the  action  of  ultra-violet  rays  from  an  electric  mercury  lamp  with  a 
bulb  of  quartz,  which  does  not  absorb  the  ultra-violet  rays  as  does  glass  (1909). 

PROPERTIES.  Ozone  is  a  relatively  stable  gas  which  decomposes 
slowly  at  the  ordinary  temperature  and  rapidly  at  400°  ;  therefore  on  passing 
ozone  through  a  red-hot  tube  it  is  transformed  into  oxygen,  and  no  longer 
shows  the  characteristic  reactions  of  ozone  (see  below) ;  during  this  trans- 
formation its  volume  is  increased,  as  two  molecules  of  ozone  produce  three  of 
oxygen. 

It  is  slightly  soluble  in  water  ;  it  dissolves  and  combines  with  the  ethereal 
oils,  especially  with  turpentine,  cinnamon  oil,  and  with  aqueous  quinine 
solutions  ;  it  is  somewhat  soluble  in  paraldehyde. 

Ozone  is  an  endothermic  substance  and  requires  for  its  formation  151 '5  Kj. 
(36,208  cals.),  hence  its  lack  of  stability  and  greater  oxidising  power  when 
compared  with  oxygen. 

Being  an  energetic  oxidising  agent,  it  decolorises  solutions  of  litmus 
and  of  indigo  ;  it  transforms  phosphorus,  sulphur,  and  arsenic  into  the  corre- 
sponding acid  anhydrides,  converts  sulphides  into  sulphates,  nitrogen  into 
the  oxide,  N2O3,  and  also  into  ammonium  nitrite  and  nitrate  in  presence  of 
water.  Even  minimal  traces  of  manganese  salts  in  aqueous  solution  are 
quantitatively  precipitated  by  ozone  as  MnOg.  It  attacks  almost  all  organic 
compounds,  and  rapidly  corrodes  rubber  tubing  and  stoppers  of  cork  or  vul- 
canised india-rubber ;  only  the  albuminoids  and  the  saturated  hydrocarbons 
are  attacked  very  slightly  or  not  at  all.  With  certain  organic  compounds 
it  produces  a  species  of  phosphorescence.  Ag  and  Pb  are  converted  into  black 
peroxides  and  iodine  into  1^0^. 

Silver,  however,  only  forms  the  peroxide  in  places  where  it  is  already 
covered  wdth  a  trace  of  invisible  oxide  (e.g.  by  heating  the  silver  to  200°). 

Harries  found  that  unsaturated  organic  compounds  with  a  double  bond 
between  carbon  and  carbon  absorb  ozone  quantitatively,  forming  characteristic 
ozonides.  In  1906  Molinari  showed  that  unsaturated  organic  compounds 
with  a  triple  bond  between  carbon  and  carbon  do  not  absorb  ozone,  and  in 
this  way  the  two  classes  of  unsaturated  compounds  may  be  distinguished. 

Ozone  has  a  strong  bactericidal  action  (see  Water). 

LIQUID  OZONE.  Until  a  few  years  ago  ozone  had  never  been  isolated 
and  was  only  known  by  its  odour  and  by  certain  chemical  reactions,  but 
always  in  admixture  with  much  air  or  oxygen.  In  1898  Troost,  and  after- 
wards Laden  burg,  liquefied  the  mixture  of  air  and  ozone  by  cooling  with 
liquid  air  ;  on  then  allowing  the  oxygen  to  evaporate  they  obtained  an  opaque 
blue  liquid  consisting  of  pure  liquid  ozone,  boiling  at  —119°,  which  easily 
exploded. 

CHARACTERISTIC  REACTIONS  OF  OZONE.  Ozone  was  detected  in  air  bv 
Schonbein  by  the  blue  coloration  ^dth  starch  paste  and  potassium  iodide,  due  to  the 
liberation  of  iodine  which  colours  the  starch.  But  it  must  be  noted  that  this  reaction 
is  also  shown  by  the  higher  nitrogen  oxides  and  by  hydrogen  peroxide,  all  of  which  may 
also  occur  in  the  atmosphere.  This  reaction  of  ozone  docs  not  occur  after  passing  the  air 
through  a  hot  tube  (Andrews),  but  hydrogen  peroxide  also  behaves  in  the  same  manner  in 
this  respect. 

In  1868  Houzeau  showed  that  during  the  blue  reaction  of  ozone  and  of 
hydrogen  peroxide  with  starch  and    potassium   iodide    an   alkaline  reaction    was  al?o 
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prodaced,  whilst  this  is  not  the  case  with  the  reaction  produced  by  nitrogen  oxides  : 
2KI  +  0,  +  H,0  =  21  +  Oa  +  2K0H  and  also  2K1  +  H,0,  =  21  +  2K0H.  There 
still  remains  the  doubt  whether  the  Schonbein  reaction  is  due  to  ozone  or  to  hydrogen 
peroxide. 

Very  numerous  attempts  were  made  to  discover  a  characteristic  reaction  of  ozone 
which  would  distinguish  it  from  the  nitrogen  oxides,  the  halogens,  and  more  especially 
from  hydrogen  peroxide.  Potassium  iodide,  metallic  silver  and  lead,  guaiacol  tincture 
(with  a  trace  of  iron  sulphate,  which  becomes  blue  with  ozone),  manganese  sulphate, 
lead  acetate,  thallium  hydroxide,  &c.,  were  for  long  all  considered  in  turn  to  be  capable 
of  characterising  ozone,  but  the  most  recent  work  of  Anord  and  of  Mentzel  (1902)  decides 
unfavourably  against  the  use  of  any  of  these  reagents,  and  the  only  one  which  remains  is 
benzidine  (p-p'-diamino-diphenyl),  which  becomes  brown  with  ozone  only,  whilst  the 
nitrogen  oxides  and  bromine  turn  it  blue  ;  with  chlorine  it  passes  through  blue  to  red- 
brown  and  with  hydrogen  peroxide  it  gives  no  reaction.  If,  however,  a  drop  of  a  10  per 
cent,  copper  sulphate  solution  is  added  to  the  benzidine  solution  it  gives  a  blue  precipitate 
with  HjOt)  whilst  with  ozone  it  gives  a  reddish-yellow  precipitate. 

According  to  F.  Fischer  and  Marx  (1906)  it  is  better  to  use  paper  impregnated  with  a 
methyl  alcoholic  solution  of  tetramethyl-p-p'-diaminodiphenylmethane  (called  tetrabase) 
to  which  a  drop  of  acetic  acid  has  been  added ;  when  moistened  this  gives  with  ozone 
a  pale  violet  colour,  whilst  with  nitrous  oxide  the  coloration  obtained  is  yellow  to  dirty 
brown  ;  with  hydrogen  peroxide  it  does  not  react  even  in  presence  of  copper  sulphate,  and 
chlorine  and  bromine  give  a  deep  blue  coloration. 

H.  E[aiser  and  Master  (1908)  distinguish  between  the  components  of  a  mixture  of  ozone, 
nitrogen  peroxide,  and  hydrogen  peroxide  in  the  following  manner :  The  gas  is  passed 
through  a  dilute  permanganate  solution,  which  absorbs  the  NO,  and  H2O2,  but  not  the 
ozone,  which  is  detected  with  KI.  Nitrogen  peroxide  and  hydrogen  peroxide  decolorise 
the  dilute  permanganate  solution.  Another  portion  of  the  mixtiu*e  is  passed  over  a  layer 
of  manganese  dioxide  which  decomposes  both  ozone  and  hydrogen  peroxide,  whilst  nitrogen 
peroxide  remains  unaltered  and  decolorises  a  dilute  permanganate  solution,  or  produces 
nitrite  (detected  with  aniline  sulphonic  acid  and  a-naphthylamine)if  passed  into  a  solution 
of  pure  sodium  hydroxide  free  from  nitrites  (even  when  mixed  with  ozone  and  HgO^). 
Finally,  hydrogen  peroxide  is  detected  in  the  presence  of  the  other  two  gases  by  passing 
them  through  a  brown  solution  of  potassium  ferricyanido  and  ferric  chloride,  in  which 
hydrogen  peroxide  alone  produces  a  characteristic  green  or  blue  coloration  of  Prussian  blue. 

Mietals  and  organic  substances  which  have  been  acted  on  by  ozone  become  radio-active 
and  a£fect  the  photographic  plate. 

CONSTITUTION  OF  OZONE.  Williamson  and  Baumert,  independently  of 
one  another,  after  many  experiments,  pronounced  ozone  to  be  an  oxide  of 
hydrogen  peroxide,  H2O3.  Marignac,  Delarive,  and  Cahours  maintained, 
without  being  able  to  prove  it,  that  ozone  must  be  a  more  condensed  oxygen 
molecule  (allotropic  oxygen).  This  was,  however,  shown  with  certainty  by 
Andrews  and  Tait. 

The  molecular  weight,  corresponding  to  O3,  was  determined  with  the 
diffusiometer  by  Soret  in  1886  and  confirmed  by  M.  Otto  in  1897,  but  doubt 
was  thrown  on  these  determinations  by  Stadel  in  1899.  The  recent  work 
of  Ladenburg  in  1901  and  1902  has,  however,  definitely  confirmed  the  fact 
that  the  molecule  of  ozone  consists  of  an  aggregate  of  three  atoms  of  oxygen. 
This  may  also  be  demonsti'ated  by  a  very  simple  experiment ;  thus  Soret 
passed  the  silent  electric  discharge  for  some  time  through  a  given  volume  of 
oxygen,  and  noted  the  diminution  of  volume  caused  by  the  formation  of 
ozone.  He  then  placed  half  the  remaining  volume  of  ozone  and  oxygen  in 
contact  with  turpentine  and  measured  the  diminution  of  volume  (due  to 
absorption  of  ozone) ;  he  heated  the  other  half  and  noted  the  increase  of 
volume  due  to  conversion  of  ozone  into  oxygen  ;  he  was  thus  able  to  determine 
the  relation  between  the  weight  of  ozone  and  that  of  the  same  volume  of 
oxygen,  and  found  that  the  ozone  weighed  one  and  a  half  times  as  much 
as  oxygen,  and  that  two  volumes  of  ozone  gave  three  volumes  of  oxygen. 
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On  the  other  hand,  if  mercury  is  placed  in  contact  with  a  given  volume 
of  ozonised  oxygen,  the  mercury  is  oxidised  at  the  expense  of  an  atom  of  oxygen 
from  the  ozone,  and  oxygen  remains,  but  without  alteration  of  volume  ; 
2  vols.  Oj  +  2Hg  =  2  vols.  Og  +  2HgO.  Ozone  is  thus  an  allotropic  form 
of  oxygen,  and  from  these  two  examples  we  may  infer  that  the  ultimate 
particles  of  matter  are  not  molecules,  but  atoms  or  perhaps  still  smaller  units. 

In  general  if  an  element  is  known  in  various  forms,  with  different  pro- 
perties, containing  varying  amounts  of  energy,  these  forms  are  called  allo- 
tropic. The  difference  between  oxygen  and  ozone  is  due  to  the  larger  amount 
of  energy  contained  in  the  latter. 

APPLICATIONS  OF  OZONE.  The  most  important  of  all  is  the  sterilisa- 
tion of  water  to  render  it  potable.  But  this  most  important  subject  will  be 
discussed  in  detail  later  in  the  chapter  on  Water. 

Ozone  is  used  in  medicine  by  being  inhaled,  diluted  with  much  air  and 
free  from  nitrogen  oxides,  by  those  suffering  from  pulmonary  infection.  In 
France  a  therapeutic  institute  for  the  use  of  ozone  was  started  in  1909. 

Frohlich  proposes  the  use  of  ozone  against  phylloxera,  but  it  does  not 
appear  to  be  practical.  Tnllat  employed  it  as  an  oxidising  agent  in  the 
perfume  industry,  and  transformed  26  kilos  of  isoeugenol  into  vanillin 
in  one  operation.  The  Soci6t^  Anglo-Fran9aise  of  Courbevoie  prepares  notable 
quantities  of  piperonal  (heUotropin)  and  vanillin  in  this  way.  The  latter 
cost  £360  per  kilo  in  1876,  £28  per  kilo  in  1890,  and  now  costs  less  than  £4 
per  kilo.  In  1904  the  new  Ozone  Vanillin  Company  was  formed  at  Niagara 
Falls  with  a  capital  of  £40,000. 

The  employment  of  ozone  for  bleaching  textile  fibres  is  perhaps  premature  as  it  cannot 
compete  in  price  with  chlorine  and  is  not  suitable  for  bleaching  silk  or  wool,  as  its  bleaching 
powers  are  not  large. 

In  the  Bouillat  sugar  refinery  at  Noyon,  France,  the  sugar  syrup  is  treated  with  ozone 
to  remove  organic  impurities  ;  in  this  way  crystallisation  is  facilitated  and  less  molasses 
obtained  ;  the  action  of  the  ozone  is  followed  by  treatment  with  sulphuric  acid,  after  which 
this  is  removed  with  barium  oxide  and  the  liquor  passed  on  to  the  filter-presses. 

Engledew,  in  England,  declared  that  he  had  perfectly  purified  foul 
beer  barrels,  which  could  not  be  cleaned  in  any  other  way,  by  the  use  of  ozone, 
and  maintained  that  a  large  brewery  would  shortly  use  plants  for  the  pro- 
duction of  ozone. 

Ozone  has  also  given  good  results  for  aging  very  alcohoUc  wines  and 
liqueurs. 

It  does  not  appear  to  have  been  successful  for  the  bleaching  of  flour,  as 
this  acquires  an  unpleasant  taste  and  odour. 

It  has  been  proposed  and  tried,  with  uncertain  and  often  negative  results, 
for  the  manufacture  of  vinegar  (from  eight  parts  of  water  and  two  of  alcohol), 
for  the  purification  of  alcohol  from  fusel  oil,  for  bleaching  fats,  oils,  sugar, 
syrup  (molasses),  mineral  oils,  &c.  Many  optimistic  expectations  on  the 
appUcation  of  ozone  have  proved  delusive,  but  the  experiments  should 
certainly  be  tried  again  under  other  and  more  rigorous  conditions. 

By  decomposing  the  ozonides  of  oleic  acid  and  other  oils  by  the  method 
of  Molinari  and  Soncini  (1906)  nonylic  and  azelaic  acids  can  be  prepared 
at  a  price  of  about  4t8,  per  kilo,  whilst  under  present  conditions  those  two 
acids  cost  about  £20. 

The  last  word  on  the  application  of  ozone  has  nob  yet  been  said,  and  the 
future  will  perhaps  bring  surprises.  The  actual  cost  of  ozone  is  not  yet  of 
serious  moment  for  industrial  processes  yielding  products  of  great  value, 
such  as  vanillin,  &c.,  or  for  the  sterilisation  of  water,  which  is  attained  with 
a  relatively  very  sinrJl  quantity  of  ozone. 
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INDUSTRIAL  PREPARATION  OF  OZONE.  UntU  a  few  jears  ago  ozone  w&a  not  of 
uracil  jH^ctical  importance  and  was  prepared  in  minimal  quantities  in  the  laboratory  eleo- 
tricaliy,  by  means  of  the  silent  diaoharge  at  high  tension,  in  an  atmosphere  of  oxygen  or  air. 
An  apparatus  was  adopted  devised  by  Siemens  as  long  ago  as  1857  and  consisting  of 
two  coDcentrio  glass  tubes  (Fig.  TO),  of  which  the  inner  was  filled  with  tin  in  connection 
»ith   one   pole  of  a  Ruhrakorff  coil  and  the  outer  was  covered  with  tinfoil  which 

was  connected  with  the 

other  pole  of  the  iaduc- 

:  tion    coit ;     a    current 

of  air  or  oxygen  was 
passed  between  the  two 
tubes,  whilst  the  silent 
discharge  passed  across, 
producing  numerous  blue 

The    quantities     of 
ozone     obtained     were 
very  small,  and  appre- 
Yia  70  ciable    quantities    were 

only  obtained   with   an 
improTement  devised  by  Frohlich  in  1891.      He  constructed  ozonisers  with  an  internal 
tube  of  aluminium  or  tin  and  an  external  tube  of  celluloid,  mica,  or  paper  covered  with 
tinfoil,  the  internal  tube  being  cooled  by  a  continuous  clirrent  of  water.     In  this  way  he 
succeeded    in    preparing   4-S   grras.    of    ozone, 
diluted  with  much  air,  by  means  of  a  battery 
of  ten  such  ozonisers  by  the  use  of  one  h.p.-hour 
of  enc^y. 

Bert  helot  advantageously  replaced  the 
metallic  coverings  by  dilute  solutions  of  gul-  ' 
phuric  acid  or  simply  by  water,  using  the  very 
)iimple  glass  apparatus  shown  in  Fig.  71.  The 
tnbe  g  closes  the  mouth  of  a  wider  tube,  which 
has  an  inlet  tube,  o,  conducting  the  air  or  oxygen 
to  the  apparatus,  and  between  the  walls  of  the 
two  main  tubes,  and  an  outlet  tube,  «,  through 
vhich  the  ozonised  gas  escapes.  The  tube  g  is 
lull  of  water  into  which  an  aluminium  wire  dips, 
forming  one  of  the  electrodes  of  a  high-ten- 
sion current  {10,000  to  12,000  volte) ;  the  whole 
apparatus  is  suspended  in  a  larger  vessel,  w,  also 
filled  with  water,  into  which  the  other  aluminium 
electrode,  d,  dips.  In  the  dark  the  blue  dis- 
charge between  the  two  tubes  is  easily  seen. 
These  ozonisers  are  arranged  in  batteries  of  four, 
uii,  or  ten  such  tubes,  and  the  ozonised  air  is 
collected  in  a  single  tube  of  glass  or  metal  lead- 
ing to  the  reaction  chamber,  care  being  taken 

that  all  the  joints  are  of  glass  or  consist  of  a  p,o_  7i_ 

mercury  seal. 

For  the  production  of  ozone  high'tension  currents  at  six  to  ten  thousand  volts  and 
certainly  not  less  than  four  thousand  volts  are  required  ;  some  forms  of  apparatus  require 
lilty  thousand  volts.  Rotary  commutators  are  generally  found  serviceable.  Care  must 
always  be  taken  that  very  dry  air  or  oxygen  is  employed,  though  when  working  at  a  low 
temperature  (0°)  a  little  moisture  is  permissible.  The  yield  of  ozone  diminishes  with 
rise  of  temperature  and  increases  when  the  temperature  is  lowered.  In  all  coses  a  part 
of  the  oxygen  only  is  converted  into  ozone  and  under  no  circumstances  more  than  9  per 
cent.  The  quantity  of  ozone  formed  is  always  in  the  same  proportion  to  the  oxygen 
present  whether  pure  oxygen  or  air  is  used  ;  in  the  latter  case  the  ozone  is  obtained  in  a 
more  dilute  state,  but  it  is  more  economical  as  the  air  costs  nothing. 
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Andreoli,  in  London,  in  1896  (Ger.  Pat.  96,058)  patented  a  very  ingenious  ozoniser 
which  paved  the  way  for  the  industrial  preparation  of  ozone. 

Another  more  complicated  but  well-considered  apparatus  is  that  of  Otto  (Ger.  Pats. 
96,400  and  129,688)  in  which  the  danger  of  short  circuits  is  avoided  and  a  silent  discharge 
of  numerous  blue  sparks  is  obtained,  without  any  arcing.  At  first  very  dilute  currents  of 
ozonised  air  were  obtained  and  these  were  ultimately  appUed  in  various  industries  and 
for  the  production  of  potable  water  (at  Nice). 

Many  other  forms  of  apparatus  were  then  patented,  but  few  only  found  application. 
Among  these  we  must  also  mention  those  of  Otto,  Verley,  and  Marmier-Abrahm,  and  the 
more  important  ozonisers,  constructed  for  large  output,  of  the  firm  of  Siemens  and  Halske, 
Berlin.  These  are  formed  of  iron  boxes  weighing  40  kilos  in  all,  containing  eight  ozonising 
tubes,  fixed  inside  the  box  between  two  planks  and  hermetically  sealed. 

In  the  middle  compartment  cold  water  circxilates  round  the  eight  tubes  ;  perfectly  dry 
air  is  passed  into  the  lower  compartment,  enters  the  space  between  the  two  tubes  of 

each  ozoniser,  and  when  ozonised  enters  the  top  com- 
partment. 

The  ozonising  tubes  consist  of  an  external  tube  of 
glass  or  porcelain,  cooled  by  the  water,  and  a  con- 
centric internal  tube  of  metal,  varnished  with  a 
substance  resistant  to  ozone  or  simply  formed  of 
aluminium.  The  space  between  the  two  tubes, 
through  which  the  air  passes,  is  a  few  millimetres 
wide.  The  internal  tubes  communicate  with  one  pole 
of  the  high-tension  current,  by  means  of  perfectly 
insulated  wires  which  are  enclosed  in  the  supporting 
column  of  the  apparatus  and  thus  avoid  all  danger 
to  those  who  work  or  touch  the  apparatus  ;  their 
safety  is  further  provided  for  by  the  fact  that  the 
other  pole  is  connected  to  earth  by  means  of  the  water 
which  continuously  circulates  through  the  apparatus. 
The  box  containing  the  eight  ozonising  tubes  has  a 
glass  front  so  that  one  can  at  any  moment  see  the 
blue  colour  of  the  sparks  of  the  silent  discharge  and  so  assure  oneself  that  the  apparatus 
is  in  order.  There  are  also  devices  which  ensure  automatic  interruption  of  the  current 
in  case  of  breakage. 

With  the  Siemens-Halske  ozonisers  more  than  60  grms.  of  ozone  per  h.  p. -hour 
can  be  obtained.  The  air  to  be  ozonised  is  previously  dried,  either  by  condensing  the 
moisture  by  passage  through  an  ice -machine,  or  better  still  by  passing  it  over  strongly 
hygroscopic  substances,  such  as  lime,  sulphiunc  acid,  fused  calcium  chloride,  &c. 

ANALYSIS  OF  OZONE.  Now  that  the  industrial  importance  of  ozone  has  become 
so  great,  a  knowledge  of  the  amotmt  of  ozone  contained  in  a  given  volume  of  air  or  produced 
by  an  ozoniser  is  often  required.  A  given  volume  of  the  ozonised  air  is  passed  through  a 
neutral  solution  of  potassium  iodide  ;  this  is  then  acidified  and  the  liberated  iodine  titrated 
with  a  solution  of  sodium  thiosulphate  of  known  strength :  Ladenburg,  Quasig,  Treadwell, 
and  Anneler,  on  the  other  hand,  first  weigh  a  bulb  full  of  oxygen,  and  then  weigh  it  when  full 
of  the  ozonised  gas.    The  difference  of  weight  multiplied  by  3  gives  the  weight  of  ozone. 

A  convenient  and  exact  method  for  large  quantities  has  been  studied  by  Fenaroli 
(Soc.  chim.  di  Milano,  1906)  based  on  the  property  of  the  unsaturated  fats  (oleins)  and  fat- 
acids  of  absorbing  ozone  quantitatively,  as  shown  by  Molinari  and  Soncini.  All  that 
is  therefore  required  is  to  pass  any  known  quantity  of  the  ozonised  air  over  a  weighed 
quantity  of  olein  and  determine  the  increase  of  weight  of  the  latttT,  which  gives  the  amount 
of  ozone.  Ruata  showed  in  1910  that  this  method  is  more  exact  than  that  with  potassium 
iodide. 

ANT  I  OZONE.  Schonbein  believed  in  the  existence  of  electropositive  ozone,  as  well 
as  the  electronegative  ozone  already  known,  and  attempted  to  show  that  it  had  certain 
characteristic  reactions.  But  several  chemists  showed  that  it  did  not  exist,  and  that 
hydrogen  peroxide  vapour  had  been  mistaken  for  it.  To-day  the  conception  of  anti- 
ozone  has  again  been  revived  and  it  appears  to  be  nothing  else  than  atomic  or  ionic  oxygen 
liberated  from  ozone. 


Fio.  72. 


SULPHUR  189 

SULPHUR :   S,  32.07 

Sulphur  was  already  known  to  the  ancients,  and  was  employed  as  a  medicine  and  for 
fumigation,  as  was  recorded  by  Homer,  900  years  before  Christ.  More  recently  it  was  used 
for  bleaching  textile  fibres. 

In  the  Middle  Ages  it  was  considered  by  Gebir,  about  the  year  800,  to  be  one  of  the  two 
components  of  metals,  sulphur  and  mercury,  and  it  was  then  believed  to  be  possible  to 
pftsg  from  one  metal  to  another  by  increasing  or  diminishing  one  or  other  of  these  com- 
ponents ;  with  more  mercury  one  expecte,d  to  obtain  the  more  brilliant  metals,  silver 
and  gold,  and  with  more  sulphur  the  baser  metals  such  as  copper,  iron,  &c. 

It  was  already  known  to  the  alchemists  that  sulphur  dissolved  in  aqueous  alkaline  solu- 
tions, and  that  from  these  it  was  liberated  by  acids  as  milk  of  sulphur.  It  was  also  known 
that  it  dissolved  in  aqua  regia,  but  it  was  not  known  in  what  way  the  sulphur  was  trans- 
formed. It  was  known  that  it  dissolved  in  some  oils,  and  balsams  with  a  sulphur  base 
were  thus  prepared. 

Sulphur  kilns  were  first  recorded  by  Basil  Valentine  (1456).  At  the  period  of  the 
phlogiston  theory  sulphur  was  considered  to  be  a  combination  of  phlogiston  with  an 
acid 

Lavoisier  recognised  it  to  be  a  simple  substance  ;  all  the  same,  Davy, 
in  1809,  held  it  to  be  a  species  of  resin,  but  after  that  time  sulphur  was  con- 
sidered as  an  element. 

In  nature  it  is  found  in  various  forms  : 

(1)  In  the  native  state,  that  is,  ready  formed,  crystalline,  or  mixed  with 
gj'psum  and  earthy  matter  ;  the  most  abundant  natural  source  (about  80  per 
cent,  of  all  native  sulphur)  is  in  this  last  condition. 

(2)  It  is  found  as  metallic  sulphides,  such  as  iron  and  copper  pyrites, 
zinc  blende  (ZnS),  galena  (PbS),  &c. 

(3)  As  hydrogen  sulphide  (HgS)  in  sulphurous  springs,  sometimes  accom- 
panied by  carbon  oxy-sulphide. 

(4)  As  sulphur  dioxide,  SO^,  in  volcanic  fumes. 

(5)  As  sulphates  in  various  mineral  deposits. 

(6)  In  organic  substances,  especially  nitrogenous  substances,  such  as  albu- 
minoids, hairs,  horn,  &c.  It  is  also  found  free  in  certain  bacteria  (Beggiatoa) 
and  in  the  cells  of  some  algae  (e.g.  oscillaria  and  ulothrix). 

PHYSICAL  PROPERTIES  OF  SULPHUR.  Solid  sulphur  has  a  bright 
yellow  colour,  which  almost  disappears  at  —  50°,  and  becomes  more  intense 
at  1(K)°.  It  is  insoluble  in  water,  is  slightly  volatile  with  steam,  and  very 
slightly  soluble  in  alcohol,  ether,  ethereal  oils,  and  fats.  It  is  very  soluble 
in  carbon  disulphide  (39  per  cent,  in  the  cold  and  74  to  180  per  cent,  when 
heated),  in  sulphur  chloride,  and  in  hot  aniline  (80  per  cent.)  ;  it  is  also  soluble 
in  petroleum  ether  (see  vol.  ii.).  Sulphur  crystallises  from  carbon  disulphide 
in  large  rhombic  crystals.     Sulphur  is  easily  electrified  by  friction. 

Its  specific  gravity  is  1*92  (amorphous)  or  2*06  (rhombic).  It  melts  at 
114-5**  (rhombic)  or  119°  (monoclinic),  yielding  a  yellow  mobile  liquid,  which 
acquires  a  deep  orange  colour  at  160°  ;  at  220°  it  becomes  viscid,  reddish,  and 
adhesive,  and  between  240°  and  260°  is  still  more  consistent  and  viscous, 
and  of  a  red-brown  colour  ;  beyond  340°  it  again  becomes  a  little  more  liquid, 
but  remains  of  a  dark  colour,  and  at  445°  it  commences  to  boil,  giving  red- 
brown  vapours. 

Sulphur  is  known  in  three  conditions  or  aUotropio  forms  : 

The  most  stable  condition  is  rhombic  sulphur  (sulphur  a)  octahedra, 
which  are  generally  ob  r.ined  when  it  is  crystallised  at  ordinary  temperatures 
and  from  various  solven.s,  such  as  carbon  disulphide. 

Another  form  is  prismatic  sulphur  (sulphur  jS)  of  the  monoclinic  system, 
which  is  obtained  from  hot  solvents  (alcohol  and  benzene),  and  is  stable 
ftbove  95°.    At  ordinary  temperatures  this  form  is  slowly  and  spontaneously 
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converted  into  the  rhombic  form,  with  evolution  of  heat  (72*6  cals.  pel 
32  grms.  of  sulphur). 

A  third  form  of  sulphur  is  amorphous,  plastic  sulphur  (sulphur  y),  which  is 
obtained  by  pouring  fused  boiling  sulphur  into  water  ;  it  is  insoluble  in  carbon 
disulphide,  and  is  darkened  in  colour,  even  to  blackness,  by  minimal  traces  of 
organic  compounds  (fats,  paraffin,  &c.). 

A  further  variety  of  amorphous  sulphur  is  that  which  is  obtained  from  solu- 
tions of  hyposulphites  or  polysulphides  with  acids  (precipitated  sulphur,  magistei 
of  sulphur^).     It  has  a  whitish  appearance  and  is  soluble  in  carbon  disulphide, 

On  heating  sulphur  with  soda,  black  amorphous  sulphur  is  obtained, 
which,  when  thrown  into  fused  borax  or  calcium  chloride,  acquires  an  intensely 
blue  colour.  A  blue  colour  is  also  formed  on  heating  sodium  sulphocyanide 
(NaCNS)  to  430°  (Patemo  and  MazzuccheUi,  1907). 

Other  varieties  of  sulphur  have  been  prepared ;  thus,  for  instance,  on 
passing  hydrogen  sulphide  into  a  solution  of  SO2,  sulphur  soluble  in  watei 
(colloidal  sulphur  or  sulphur  S)  is  prepared  and  is  obtained  yet  more  readily 
according  to  Sarazon  (I9I0)  by  passing  SO2  into  a  saturated  solution  of  HjS 
in  glycerine  (Ger.  Pat.  216,826). 

According  to  the  vapour  density  at  low  temperatures  the  molecule  oi 
sulphur  is  Sg  ;  but  as  the  temperature  is  raised  it  commences  to  dissociate, 
and  at  860^-900°  only  Sj  molecules  are  left.  The  molecule  S,,  appears  not 
to  exist,  and  the  variety  of  sulphur  insoluble  in  carbon  disulphide  (Sy)  perhaps 
corresponds  to  the  molecule  Sg. 

The  colour  of  sulphur  vapour  is  orange  slightly  above  the  boiling-point, 
redder  at  600°,  becoming  rapidly  lighter  at  higher  temperatures.  On  passing 
a  current  of  air  over  sulphur  at  a  temperature  slightly  below  200°  a  marked 
odour  of  camphor  is  produced  (perhaps  inherent  to  sulphur  vapour)  ;  above 
200°  the  sulphur  oxidises  sUghtly,  emitting  a  phosphorescent  light ;  and  at 
260°  the  air  current  contains  ozone,  but  is  not  ionised  (difference  from  phos- 
phorus, Bloch,  1909).  The  valency  of  sulphur  varies  in  its  different  compounds ; 
it  is  divalent  in  hydrosulphuric  acid,  SHj  ;  tetravalent  in  sulphur  dioxide,  SO2 ; 
and  hexavalent  in  sulphur  trioxide,  SO3. 

We  have  seen  that  at  low  temperatures  sulphur  always  exists  in  the  rhombic  form, 

that  is,  in  octahedra,  like  the  natural  sulphur  which  is  found  in  the  mines.     If  sucli 

sidphur  is  heated  slowly  in  a  suitable  dilatometer  its  volume  is  observed  to  increase  uni- 

formly  with  the  rise  of  temperature  until  it  attains  the  temperature  of  96*4°,  when  there 

is  an  abrupt  and  notable  increase  of  volume  and  the  sulphur,  which  had  a  light  yellow  colour, 

acquires  a  much  more  intense,  almost  orange,  colour  ;  the  sulphur  has  been  transformed  at 

this  temperature  into  monoclinic  sulphur.     Also  the  two  forms  of  sulphur  have  different 

melting-points  ;  on  heating  rhombic  sulphur  rapidly,  so  that  it  has  not  time  to  be  trans< 

formed  into  prismatic  sulphur,  the  melting-point  is  found  to  be  114-5°,  whilst  on  heating 

prismatic  sulphur  or  on  heating  rhombic  sulphur  slowly,  the  melting-point  is  found  to  be  119". 

Bhombic  sulphur  has  a  specific  gravity  of  2-06,  whilst  that  of  prismatic  sulphur  is  1  -92.    At 

temperatures  below  96-4°  monoclinic  sidphur  slowly  becomes  rhombic.     The  temperature 

96'4°,  at  which  the  two  forms  are  able  to  co-exist,  is  called  the  point  of  transformaiion, 

'  Precipitated  sulphur  (magister  of  sulphur)  is  prepared  as  follows :  One  part  of  quicklime  is  made  to  a  paste 
with  5  parts  of  water,  and  2  parts  of  flowers  of  sulphur  arc  added  ;  a  further  24  parts  of  water  are  then  addod 
and  Ihe  whole  boiled  in  an  iron  vessel  until  all  the  sulphur  is  dissolved,  replacing  the  water  as  it  evaporates. 
The  liquid  is  decanted  after  settling  and  the  residue  boiled  for  half  an  hour  M'ith  a  little  more  water  and  filtered.  The 
liquids  thus  obtained,  containing  calcium  polysulphides,  are  brought  to  a  specific  gravity  of  about  8*  B«.,  and 
hydrochloric  acid,  diluted  to  10°  B6.  and  free  from  arsenic,  Iron,  and  sulphuric  acid,  is  then  added  little  by  littlf, 
with  vigorous  stirring,  either  under  a  hood  or  in  the  open,  until  only  a  very  slight  alkaline  reaction  remains  (du« 
to  unaltered  calcium  sulphide).  The  very  fine  precipitated  sulphur  is  quickly  collected  on  a  cloth  filter  and  washed 
until  the  washings  no  longer  become  turbid  with  silver  nitrate  solution.  It  is  then  dried  at  80*.  It  is  well  to  treat  with 
the  acid  in  a  closed  apparatus  with  a  delivery  tube  to  carry  off  the  hydrogen  sulphide,  which  is  abundantly  formed 
(and  is  very  poisonous),  up  a  chimney.  If  the  operator  should  inhale  the  HaS  he  loses  his  senses,  and  the  be$t 
method  of  treatment  is  to  quickly  drench  him  with  much  cold  water,  otherwise  he  remains  under  the  influence  of 
the  poison.  The  calcium  polysulphide  is  formed  according  to  the  following  reaction :  3CaO  +  US  =  CkSO,-f-  2C^^v 
The  calcium  pentasulphide  reacts  with  the  acid  as  follows :  CaSs  +  2Ha  =  CaQ,  +  H,S  +  48,  Precipiutnl 
sulphur  is  sometimes  adulterated  with  gypsum  or  other  mineral  substances,  but  these  can  be  detected  by 
incineration.  Pure  sulphur  leaves  no  residue  (less  than  0*5  per  cent.). 
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The  two  forms  of  sulphur,  at  the  point  of  transformation,  have  the  same  vapour  tension  ; 
and  a  substance  which  can  be  modified,  like  sulphur,  in  two  senses  at  the  point  of  trans- 
formation is  called  eitarUiotropic ;  the  melting-point  of  that  modification  which  melts 
first  is  always  higher  than  the  point  of  transformation  of  the  two  substances,  for  if  it  were 
lower  we  woidd  have  a  monotropic  substance  which  could  only  transform  in  a  single  sense 
at  the  point  of  transformation.  In  point  of  fact,  in  some  cases  the  less  stable  modification 
melts  below  the  transformation  point  (e.g,  iodine  chloride,  ICl,  in  which  the  less  stable 
modification  melts  at  14°,  and  the  more  stable  at  27°). 

If  a  crucible  of  molten  sulphur  is  allowed  to  cool  slowly,  and  then,  when  it  is  covered 
with  a  crust  of  solidified  sulphur,  this  is  broken  and  the  liquid  sulphur  poured  off,  needle- 
shaped  monoclinic  crystals  are  found  in  the  crucible  ;  if  these  are  allowed  to  cool  they 
become  lighter  in  colour,  and  though  they  preserve  their  external  form  they  are  then  found 
to  be  formed  of  a  large  number  of  small  octahedra  ;  thus  the  internal  transformation 
has  taken  place  and  the  needle-shaped  crystals  are  called  paetbdomorphs. 

If  we  consider  the  transformations  of  sulphur  in  connection  with  the  phase  rule  we  are 
able  to  compare  its  behaviour  with  that  of  ice  and  water.  These  can  co-exist  in  complete 
equilibrium  only  at  the  temperature  of  0*0075°,  because  at  this  temperature  only  can 
the  sole  component  (H^O)  be  present  as  the  three  phases,  ice,  water,  and  water  vapour. 
The  point  at  which  the  three  phased  can  co-exist  is  called  the  triple  point,  or  in  general 
for  more  phases  than  one  the  multiple  point.  On  pp.  114  to  118  we  have  demonstrated 
that  for  a  system  of  n  components  equilibrium  is  only  complete  when  n  +  2  phases  are 
present ;  then  for  each  phase  the  pressure  temperature  and  composition  are  fixed. 

If  in  such  a  system  the  pressure  remains  constant  and  the  temperature  varies,  or 
vice  versa,  one  of  the  phases  disappears  and  complete  equilibrium  ceases.  If  of  such 
a  system  two  phases  remain  (n  +  1,  e,g,  liquid  water  and  vapour)  the  equilibrium  is 
incomplete,  but  determined,  and  we  speak  of  a  monovcuriarU  S3r8tem  {see  p.  117)  because 
equilibrium  between  the  two  phases  can  exist  at  various  temperatures  provided  that  to 
each  of  these  a  determinate  pressure  corresponds,  or  vice  versa;  if,  on  the  other  hand, 
the  temperature  remains  constant  whilst  the  pressure  is  continuouslv  varied,  or  vice  versa, 
then  one  of  the  phases  will  disappear  and  this  determined  equiliorium  will  also  cease, 
and  only  vapour  or  liquid  water  will  remain.  By  altering  the  pressure  in  the  complete 
equilibrium  of  three  phases,  water,  ice,  and  vapour,  we  are  able  to  displace,  by  a  very 
small  amount,  the  point  of  transformation  (melting-point  of  ice).  This  theoretical  deduc- 
tion has  been  theoretically  confirmed,  and  we  know  now  that  for  each  atmosphere  of  pressure 
the  point  of  fusion  of  ice  is  altered  by  0-0079°,  and  that  136  atmospheres  are  required  to 
displace  it  by  one  degree. 

By  means  of  the  phase  rule  we  can  explain  the  transformations  of  sulphur  into  its 
various  modifications.  Below  95*4°  we  have  two  phases,  namely,  soUd  rhombic  sulphur 
and  sulphur  vapour  ^ ;  above  that  temperature  we  have,  on  the  other  hand,  the  phase  of 
monoclinic  sulphur  and  sulphur  vapour,  the  tension  of  which  is  variable,  up  to  119°  (melting- 
point  of  monoclinic  sulphur).  At  the  temperature  of  95*4°  we  have  the  triple  point,  at 
which  the  three  phases  of  sulphur  can  co-exist,  namely,  monoclinic  sulphur,  rhombic  sulphur, 
and  sulphur  vapour  ;  at  this  point  equilibrium  is  complete  as  we  have  three  phases  and  only 
one  component,  S. 

In  this  case  also,  as  in  that  of  ice,  the  point  of  transformation  (triple  point)  varies  with 
variation  of  the  pressure,  and  by  exactly  0-06°  for  each  atmosphere.  At  119°  we  have 
another  triple  point,  that  is,  three  phases  can  coexist  in  equilibrium :  solid  monoclinic 
sulphur,  liquid  sulphur,  and  sulphur  vapour.  Between  96-4°  and  119°  we  have  in<5omplete 
but  determined  equilibrium,  that  is,  we  have  a  monovariant  system  (one  component  with 
two  phases — solid  stdphur  and  sulphur  vapour)  and  the  equilibrium  is  determined,  because 
for  any  given  temperature  between  these  limits  there  is  also  a  fixed  and  definite  pressure 
at  which  equilibrium  is  still  able  to  exist,  and  vice  versa  on  fixing  the  pressure  the  temperature 
is  similarly  determined. 

On  p.  116  we  have  studied  the  hi  variant  systems  which  show  the  behaviour  of  non- 
saturated  solutions  of  a  salt,  where  we  have  two  components,  salt  and  water,  with  two 
phases,  liqtiid  solution  and  vapour.  In  this  case,  the  composition  of  the  solution  being 
fixed,  it  was  necessary  to  fix  the  temperature  and  the  pressure  ;   that  is,  there  is  only  a 

I  We  most  Bui>poBe  that  solidB  also  have  a  vapour  tension,  though  this  may  be  very  small :  in  the  ease  of  ice 
it  is  caally  measurable ;  for  other  solid  substances  it  is  so  smaU  that  it  is  not  measurable  by  ordinary  methods. 
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single  concentration  of  the  solution  which  at  a  given  temperature  possesses  a  definite 
vapour  tension.    The  equilibrium  is  in  this  case  of  two  dimensions. 

CHEMICAL  PROPERTIES  OF  SULPHUR.  On  heating  sulphur  in 
the  air  it  bums  with  a  pale  bluish  flame,  giving  sulphur  dioxide  :  8  +  62  = 
SOg.  It  also  bums  in  pure  oxygen,  to  fomi  the  same  compound,  without 
alteration  of  volume.  If,  however,  compounds  are  present  which  generate 
active  oxygen,  or  catalysers,  such  as  platinum  sponge,  iron  oxide,  &c.,  sulphur 
trioxide  (sulphuric  anhydride)  is  foraaed  directly  with  diminution  of  volume 
{see  Catalj^ic  Sulphuric  Acid  below)  :  S  +  3  vols.  0  =  2  vols.  SO,.  On 
burning,  1  kilo  of  sulphur  evolves  2166  calories. 

Sulphur  combines  directly  with  the  greater  number  of  metals  and  non- 
metals,  and  in  varying  quantities  with  the  same  element.  Thus,  e,g.  it  forms 
trisulphides  and  pentasulphides  of  arsenic,  antimony,  &c. 

A  hot  copper  spiral  bums  directly  in  sulphur  vapour. 

Flowers  of  sulphur  commonly  show  acid  reaction,  owing  to  the  formation 
of  traces  of  sulphuric  and  sulphurous  acids.  The  acid  reaction  can  be  removed 
by  repeated  washing  with  water. 

Sulphur  combines  with  hydrogen  to  form  HgS.  Oxygen  bums  in  sulphur 
vapour,  and  it  is  thus  both  combustible  and  a  supporter  of  combustion. 

USES  OF  SULPHUR.  The  greater  part  serves  for  the  preparation  of 
pure  H2SO4,  of  SO2,  and  of  salts  related  to  these  (sulphates,  sulphites,  thio- 
sulphates).  It  serves  for  the  preparation  of  metallic  sulphides,  gunpowder, 
and  carbon  disulphide,  for  the  vulcanisation  of  india-rubber  and  guttapercha, 
for  bleaching  silk  and  wool  (see  vol.  ii.),  and  for  treating  with  sulphur  dioxide 
barrels  of  wine  and  beer,  in  order  to  remove  from  the  wine  the  odour  of  hydro- 
gen sulphide  : 

2H2S  +  SOa  =  2H2O  +  S3. 

It  is  used  in  the  wine-growing  industry  against  a  cr3^togram  which  atta<;ks 
the  young  bunches  of  grapes,  and  shoots  of  the  vine ;  this  is  a  microscopic 
fungus,  oidium  (or  UTicinula  Americana),  the  reproductive  and  vegetative 
system  of  which  simply  adheres  to  the  surface  of  the  part  attacked  and  does 
not  penetrate,  as  does  peronspera,  which,  on  the  other  hand,  develops  in 
the  interior  of  the  leaf  and  sends  to  the  exterior  of  the  lower  surface  only 
the  conidiophoric  branches  with  the  conidi  {see  vol.  ii.)  forming  scabs 
like  mould,  which  then  dry  up  the  leaves,  thus  causing  poverty  of  sugar  in 
the  grapes  and  unsound  wine,  which  keeps  badly.  In  Europe  more  than 
100,000  tons  of  sulphur  are  used  yearly  to  combat  oidium,  apart  from  the 
various  polysulphides  proposed  during  recent  years.  It  is  supposed  that  the 
sulphur  acts  on  the  oidium  through  formation  of  SO2,  which  is  in  part  already 
present  in  small  quantity  in  the  sulphur  itself.  Pollaci  (1876)  attributes 
the  action  of  the  sulphur  to  the  formation  of  HgS  produced  by  lower 
organisms. 

Sulphur  is  employed  as  a  cement,  by  melting  it  together  with  iron  filings 
and  ammonium  chloride  ;  on  cooling,  this  mixture  expands  and  hermetically 
closes  fissures  and  empty  cavities  when  employed  for  fixing  metal  to  glass,  &c.; 
a  good  cement  which  quickly  hardens  very  satisfactorily  is  also  obtained 
by  mixing  100  parts  of  steel  filings  and  turnings  with  3  to  15  parts  of 
sulphur,  then  adding  3  to  6  parts  of  ammonium  chloride,  moistening  with 
water  and  mixing.  When  fused  alone  or  with  other  substances,  it  is  used 
for  taking  casts  and  impressions. 

It  is  used  medicinally  for  skin  afiPections  in  the  form  of  ointment  or  in 
baths,  also  combined  with  iodine  for  other  treatment. 

It  is  also  used  in  fire  extinguishers,  especially  when  mixed  with  2  parts 
of  sodium  nitrate  and  about  4  per  cent,  of  carbon. 
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COMMERCIAL  VARIETIES  OF  SULPHUR.  According  to  their  origin  there  are 
various  brands  of  commercial  sulphur  with  varying  fracture  and  colour.  Amongst  crude 
sulphurs  there  are  recognised  :  (1)  LiccUa ;  (2)  common  Licala  or  good  LiccUaf.  m.  (mixed 
flowers) ;  (3)  good  Licaia  /.  m.  or  "  varUaggicUa  Licata  uso"  &c.  Flowers  of  sulphur  are 
£old  as  :  Sdjo  extra  finissimo  A  and  T  (A=  Albani  in  Pesaro ;  T  =  Trevella  in  Catania), 
solfo  aeido  finisaimo  puro  A,  solfo  sublimato  V  (V  =  Verderame  in  Licata),  svblimaio 
extra  impalpabile  T,  (also  acido),  &c.  Of  winnowed  and  ground  sidphur  we  have  :  impal- 
pabk  sidphur  T,  double  refined  T,  "  doppio  veniiliio  "  T  and  V,  extra  fine  impalpable  T, 
"  molito  raffinato  "  T,  verUikUo  vergnasco  T,  &c.  The  term  fuori  miscela  (mixed  flowers) 
refers  to  sulphur  in  whole  loaves  or  in  pieces,  free  from  powder  and  heterogeneous  particles. 

The  brands  called  "  raffinate  "  (refined)  vary  in  purity  from  99  to  100  per  cent. ;  the 
impurities  are  not  more  than  0-5  per  cent.,  and  the  hygroscopic  moisture  is  often  less  than 
1  per  cent,  (sometimes  only  0-04  per  cent.).  Sulphur  marked  "greggio  "  (crude)  contains 
3  to  10  per  cent,  of  impurities. 

STATISTICS.  PRICES,  AND  POSITION  OF  THE  SULPHUR  INDUSTRY.i  The 
production  of  Sicily  and  of  other  countries  and  the  international  trade  in  sulphur  is  shown 
in  the  following  table  : 


Sicily 

United  States 

Year 

Production 

Price  in 

T.IrA  DPT* 

Export 

stock  • 

Production 

Imports 

A  ViB& 

Tons 

Ton 

Tons 

Tons 

Tons 

Tons 

In  all 

Up  to  1830 

2,000,000 

1830  to  1870 

4,260,000 

1870  to  1880 

2,250,000 

1880 

312,000 

100 

1890 

328,000 

77 
(1802-05) 

1895 

353,000 

66 

(1804) 

364,4172 

• 

1900 

601,000 

95 

570,000 

300,000 

2,000    ' 

134,000 

1901 

548,000 

95 

310,000 

1902 

496,300 

95 

340,000 

30,000 

177,000 

1903 

527,000 

96 

361,000 

137,292 

(1004) 

156,000 

1905 

537,000 

95 

456,000 

462,000 

181,677 

84,300 

1906 

471,000 

92 

387,430 

527,000 

294,000 

72,560 

1907 

446,000 

91 

346,000 

592,000 

295,000 

4,073 

1908 

380,000 

384,000 

586,150 

372,000 

12,484 

1909 

396,000 

349,000 

623,260 

The  Romagna  produces  from  30,000  to  40,000  tons  of  sulphur. 

Of  the  Sicilian  sulphur  from  140,000  to  150,000  tons  are  refined  (partly  ground  and 
partly  winnowed  [ventUaio]  )  in  Italy,  especially  in  Sicily  ;  in  1908  204,240  tons  of  crude 
sulphur  were  exported  from  Italy  in  loaves  and  lumps  to  the  value  of  £760,000  ;  68,300 
tons  of  ground  sulphur  to  the  value  of  £300,000  ;  55,700  tons  of  refined  sulphur  to  the 
value  of  £220,000  ;  1770  tons  of  flowers  of  sulphur,  valued  at  £8840,  and  8500  tons  of 
sulphur  mixed  with  3  per  cent,  of  copper  sulphate. 

The  world's  production  of  sulphur  (exclusive  of  80,000  tons  recovered  from  Leblanc 
soda  residues)  consisted  up  to  1900  to  the  extent  of  95  per  cent,  of  Sicilian  sulphur,  but  in 
1 908  45  per  cent,  of  the  total  production  came  from  the  United  States.  The  other  nations 
only  produce  minimal  amounts  :    In  1900  Germany,  Austria,  and  Russia  produced  from 


*  It  iB  calculated  that  the  depofiits  still  unexploited  in  Sicily  contain  about  flity-flve  million  tons  of  sulphur, 
and  wiU  be  exhausted  in  about  one  hundred  yearg. 

It  is  now  believed  that  the  formation  of  t  he  sulphur  in  the  natural  deposits  in  Sicily  lasted  about  ten  thousand 
ycarw. 

"  In  1803  and  1804  there  were  revolutionary  movements  in  Sicily  due  to  misery  and  hunger,  which  should 
have  found  their  explanation  and  extenuation  in  the  above  figures,  but  instead  they  were  repressed  with  bloodshed 
by  the  fierce  and  ignorant  authorities. 

I  13 
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1000  to  2000  tons  each,  Spain  6500  tons  (in  1905  12,500  tons  from  Albocete,  Murda,  and 
Almeria),  France  11,500,  and  Japan  14,200  tons,  and  24,200  in  1907. 

In  1900-1901  84,000  tons  of  Sicilian  sulphur  were  consumed  on  the  Italian  mainland, 
in  1905  99,000,  and  in  1908  60,000  tons  ;  30,000  tons  were  consumed  in  Germany  (in  1905), 
104,000  tons  in  France  (in  1907  60,000  tons  and  in  1908  94,500  tons) ;  England,  Belgium, 
Greece  and  Turkey  (together),  Sweden,  Norway,  and  Denmark  (together),  Austria,  Russia, 
and  Portugal  each  took  from  15,000  to  25,000  tons  of  sulphur,  and  in  1909  England  imported 
21,000  tons. 

Crude  sulphur  is  despatched  in  sailing  vessels  from  Porto  Empedocle,  Catania,  and 
Licata. 

In  commerce,  for  small  consumers,  the  prices  for  sulphur  are : 

Sulphur,  refined,  in  loaves  .......  about 

„    double  refined,  ground  and  winnowed  (ventilato)  \ 
75*'-80°  Chancel  J 

Flowers  of  sulphur      . '        .         .         .  .         .       ,» 

Precipitated  sulphur  for  medical  purposes,  milk  of  sulphur,  or 

magister  of  sulphur       ....... 

Green  commercial  precipitated  sulphur  for  rubber  manufacture 


£ 

8, 

d. 

5 

12 

0 

per 

ton 

6 

8 

0 

8 

0 

0 

6 

16 

0 

£38-£40 

£32 

In  large  quantities  the  prices  are  from  10  to  20  per  cent,  lower  f.o.b.  Genoa. 

The  cost  of  production  of  sulphur  per  ton  has  been  estimated  as  follows  (Ann.  Agricoltura, 
1890,  171) :  6765  kilos  of  ore  at  4«.  Id.  per  ton  =  27-6«.  ;  labour  at  the  kilns,  3-44*.— 
total,  31-04«.  ;  but  200  kilos  are  due  to  the  owner  of  the  property,  so  that  for  the  ZVOAs. 
only  800  kilos  of  sulphur  are  obtained,  and  thus  1000  kilos  of  crude  sulphur  cost 
£1  18«.  lOd.  at  the  locality  where  it  is  obtained  ;  to  this  must  be  added  the  cost  of  trans- 
port to  the  nearest  port,  5«.  A  ton  of  sulphur  thus  costs  £2  3«.  in  all  to  produce,  to  which 
must  be  added  the  cost  of  refining.  But  to-day  these  figures  must  be  «lightly  altered  as 
the  price  of  labour  has  risen  and  the  extraction  processes  have  meanwhile  been  improved. 

In  Sicily  in  1897,  after  the  prolonged  crisis  of  the  preceding  years,  which  led  to  the 
abolition  in  1896  of  the  export  duty,  wliich  had  yielded  £120,000  per  annum  to  the  Govern- 
ment, the  lot  of  the  sulphvu*  industry  improved,  more  especially  through  the  efforts  of  the 
Anglo -Sicilian  Sulphur  Company,  which  associated  a  large  number  of  the  producers  of 
sulphur  and  regulated  the  sale  rationally  in  such  a  manner  that  the  salef  prices  rose  from 
£2  %8,  to  £3  16*.  9rf.  per  ton. 

The.  Anglo-Sicilian  Sulphur  Company  continued  to  exist  until  1906,  but  meanwhile  a 
new  and  unforeseen  circumstance  arose  on  the  horizon,  namely,  the  intense  exploitation  of  the 
important  sulphur  deposits  of  Louisiana  by  the  Frasch  process  (see  below).  In  1905  the  first 
consignments  of  American  sulphur  already  arrived  at  the  port  of  Marseilles  at  very  low 
prices,  so  that  the  Anglo-Sicilian  Sulphur  Company  were  obliged  to  come  to  an  agreement 
with  the  Union  Sulphur  Company  of  New  York,  for  one  year,  in  order  to  prevent  a  fall  of 
prices.  Meanwhile  the  Italian  Government  sent  the  engineer,  Baldacci,  to  Louisiana  to 
study  th?  threatening  problem  of  American  sulphur.  Early  in  1906  it  was  known  vnih 
certainty  that  the  American  Company,  though  only  four  of  its  mines  were  working,  would 
be  able  to  throw  on  to  the  market  a  further  400,000  tons  of  sulphur  per  annum,  at  the 
following  prices  :  145.  9rf.  per  ton  at  the  mine  ;  Ids.  3d.  at  New  Orleans  ;  £1  6«.  4«?.  in 
the  ports  of  New  York,  Boston,  &c.,  and  £1  1 1^.  Id.  in  Evu-opean  ports.  On  the  other  hand, 
Ihe  United  States,  which  imported  177,000  tons  in  1902,  commenced  appreciably  to 
diminish  their  imports  {see  Table). 

Thus  a  very  grave  calamity  menaced  Sicily,  which  was  to  be  the  economic  ruin  of  many 
producers  and  many  works. 

There  were  actually  in  Sicily  in  1903  757  active  sulphur  mines,  employing  37,600  opera- 
tives, of  whom  8700  were  hewers  in  the  mines  and  the  rest  porters,  57  per  cent,  of  the  ore 
raised  being  still   carried   on   the   backs  of  these   people.^     The  average  wages  of  the 

*  In  1907  L.  Boni  reported  that  thQ»e  operatives  formed  an  organically  degenerated  body  of  people,  deformed, 
with  swollen  thorax,  head  imbedded  in  the  shoulders  and  the  lower  limbs  compressed  against  the  abdomen ;  the 
progenitors  of  these  people  were  a  strong  and  beautiful  race  I  The  first  labour  law  introduced  (1002)  was  con- 
cirued  with  the  women  and  girls — small  girls  of  seven  and  eight  years  old,  to  the  misery  of  their  parents — who 
were  by  this  law  prevented  from  carrying  the  ore  from  the  galleries  at  the  working  face  to  the  surface,  up 
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operatives  are  Is.  Id.  per  day  ;  in  1907  the  number  of  operatives  had  decreased  to  27,000, 
and  in  1909  80  small  mines  were  closed  and  only  500  were  still  working,  of  which  only  six 
yielded  more  than  1000  tons  of  crude  sulphur  per  annum. 

In  any  case  the  whole  Sicilian  sulphur  industry  is  still  menaced  with  ruin  if  a  more 
rational  and  economical  method  of  sulphur  extraction  and  of  its  sale  is  not  found,  and  if 
the  production  is  not  limited.  Meanwhilie  when  the  Anglo-Sicilian  Sulphur  Company  came 
to  an  end,  on  July  15,  1906,  the  Government  established  by  law  the  "  Consorzio  obbli- 
gatorio  per  Tindustria  solfifora  Siciliana,''  which  is  charged  with  the  sale  of  sulphur  of  all 
the  Sicilian  producers  for  twelve  years.^  Sulphur  for  agricultural  use  in  Italy  enjoys  a 
rebate  of  5  per  cent.  Various  other  concessions  were  made  diminishing  the  taxes  with 
which  the  Sicilian  sulphur  industry  is  burdened.  During  1908  and  1909  there  was  an  agree- 
ment between  the  American  company  and  the  "  Consortio  Siciliana  "  limiting  the  regions 
of  sale  to  two  localities  and  thus  avoiding  a  too  rapid  fall  of  prices. 

EXTRACTION  OF  SULPHUR 

NATIVE  SULPHUR.  This  is  found  in  large  quantity  in  Sicily,  prin- 
cipally on  the  southern  watershed,  from  Etna  to  Sciacca,  and  more  especially 
in  the  provinces  of  Caltanisetta  and  Girgenti,  where  it  forms  large  deposits 
mixed  with  limestone  or  gypsum  (up  to  80  per  cent,  of  sulphur).  It  is 
also  found  in  Romagna  (less  abundantly),  especially  in  the  provinces  of  Forli, 
Rimini,  and  Cesena.  Small  deposits  are  also  found  in  the  Caucasus,  Spain, 
Greece,  and  Japan.     Important  deposits  are  also  worked  in  Louisiana,  U.S.A. 

Ores  containing  less  than  15  per  cent,  of  S  do  not  pay  for  working. 

Solfatare  are  deposits  of  flowers  of  sulphur  in  the  ground,  formed  by 
the  interaction  of  gases  which  are  still  evolved  from  the  craters  of  spent 
volcanoes,  namely,  fumes  of  sulphur  and  hydrogen  sulphide  (HgS).  The 
former  bum  to  form  sulphur  dioxide  (SOg),  and  this  reacts  with  HgS  wdth 
separation  of  aU  the  sulphur,  as  explained  by  Dumas  in  1830  : 

2H2S  +  SO2  =  2H2O  +  S3. 

The  layer  of  sulphur  in  these  f^olfatare  is  sometimes  so  poor  that  it  does  not 

a  steep  slippery  passage,  roughly  hewn  In  the  rock ;  the  ore  was  carried  in  loads  of  3O>50  kilos  on  the  posterior 
thorax  and  the  neck.  These  poor  ill-nourished  eanui  had  to  make  twenty-five  or  thirty  journeys  a  day,  half -naked, 
bathed  in  sweat,  covered  with  dust,  with  a  closed  lamp  affixed  to  the  top  of  the  head,  accomitanying  their  steps 
with  groans  forced  from* them  by  their  heavy  labour.  This  overwork  weakens  the  muscular  resistance  and  that 
of  the  bones ;  the  lungs,  heart,  and  blood-vessels  are  unable  to  recover  rapidly  from  Its  effects,  and  the  flower  of 
youth  soon  suoenmbs.  The  caruw  of  to-day  will  be  the  hewer  {pieconiero)  of  to-morrow  I  The  sad  economic  con- 
ilitions  of  these  people  have  urged  these  same  operatives  to  implore  the  Government  to  suspend  the  law  pre- 
venting the  employment  of  women  and  girls,  as  owing  to  the  low  wages  of  these  c^ruai  this  is  said  to  be  indls- 
pen»ble  if  their  families  are  not  to  die  of  hunger  I  And  the  proprietors  have  supported  this  demand,  and  the 
Government  .  .  .  piously  concedes  it  I 

^  The  principal  stipulations  of  the  law  of  1906  were  as  follows :  (1 )  A  monopoly  of  the  sale  of  all  Sicilian  sulphur 
is  granted  to  the  Consorzio ;  (2)  the  Consorzio  is  empowered  to  limit  the  jiroduction  of  the  individual  proprietors 
in  order  not  to  be  forced  to  sell  sulphur  at  too  low  a  price ;  (3)  the  Consorzio  acquired  360,000  tons  of  sulphur 
accumulated  by  the  Anglo-Sicilian  Co.  at  a  price  of  £2  7«.  2d.  per  ton,  in  return  for  the  issue  of  obligations  at 
3*65  per  cent.,  guaranteed  by  the  State  and  amort isable  in  twelve  years  ;  (4)  the  Bank  of  Sicily  is  empowered  to 
exceed,  up  to  ten  million  lire,  the  sum  of  six  millions  allowed  in  Article  30  of  the  law  regulating  that  institution 
for  the  emission  of  warrants  to  the  credit  of  the  sulphur  deposited  in  the  warehouses  of  the  Consorzio. 

The  producers  receive  in  advance  four-flfths  of  the  value  of  the  deposited  sulphur.  On  the  Council  of  the  Con- 
^yizxo  the  producers,  the  Chamber  of  Commerce,  the  Bank  of  Sicily,  and  the  Government  are  represented.  But 
a»  happens  so  often  in  Italy  through  natural  economic  laws,  the  law  has  in  this  case  again  been  of  use  to  the  local 
camorra  and  to  Illicit  private  ijiterests.  In  fact,  the  power  to  regulate  and  diminish  the  production  in  order  not 
to  increase  the  already  enormous  stock  has  not  been  enforced,  and  further  production  proceeds  merrily,  quite 
independently  of  the  demand,  as  the  producers  are  assured  of  four-flftlis  of  the  established  price  in  advance,  how- 
ever high  this  may  be.  In  1907  the  stock  rose  to  592,000  tons  I  Then  the  Bank  of  Sicily,  in  fear  of  an  imm  nent 
financial  disaster  through  the  growing  American  competition,  which  might  lead  to  a  strong  fall  in  prices,  reduced 
the  advance  to  three-fifths,  because  it  was  already  liable  for  ten  million  lire.  But  they  had  better  have  left  it 
alone  1  The  producers  threatened  revolution  and  the  end  of  aU  things,  and  not  succeeding  in  exciting  the  operatives, 
they  suddenly  diminished  their  wages  and  so  forced  them  to  unemployment  and  disorder.  Their  object  was  thus 
gained,  and  in  October  1907  the  Government  authorised  the  Bank  of  Sicily  to  advance  the  four-flfths  and  raise 
their  liabilities  by  a  further  two  millions.  The  appetite  grows  by  eating,  and  though  the  production  has  been 
slightly  reduced,  the  stock  of  sulphur  rose  in  1909  to  623,000  tons'  see  Statistical  Table).  The  heads  of  the  Con- 
sorzio freed  themsalves  from  all  responsibility  by  resigning,  and  now  the  Government  has  ordered  a  Royal  Com- 
mission  in  Sicily  for  the  reorganisation  of  the  Consorzio. 
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pay  for  extraction  (at  Pozzuoli),  even  though  it  is  sometimes  6  to  10  mutrea 
in  depth. 

Solfare  are  laj'ers  of  sulphur  at  varying  depths  below  ground,  and  conaiat 
of  a  thick  deposit  of  sulphur,  probably  formed  by  condensation  of  sulphur 
vapours  coming  from  internal  points  in  the  earth's  crust.  Almost  all  the 
sulphur  is  to-day  obtained  from  solfare. 

Mottura  explains  the  formation  of  sulphur  in  solfare  by  the  decomposition 
of  calcium  sulphate  by  means  of  carbon,  hydrocarbons,  or  organic  matter, 
at  high  temperatures  and  pressures ;  the  calcium  sulphide  (CaS)  formed 
by  this  reaction,  being  soluble  in  water,  would  be  carried  to  higher  strata, 
and  in  contact  with  air  and  carbon  dioxide  would  deposit  the  sulphur  : 
CaS  +  O  +  COj  =  CaCOa  +  S. 
The  sulphur  mines  (solfare)  are  50  to  100,  and  sometimes  even  200  metres 
deep.  They  are  penetrated  by  inclined  galleries  with  a  winding  shaft.  The 
ore  is  mined  by  jjicconieri,  who  are  the  workpeople  engaged  at  the  working 
face,  and  the  caritsi,  who  are  children,  carry  the  material  to  the  surface  on 
their  backs  {see  preceding  Note), 

Modem  shafts  have  now  also  been  sunk,  especially  in  the  deeper  solfare, 
and  the  ore  is  then  brought  to 
the  surface  by  mechanical 
means  ;  the  gaUeries  are  well 
ventilated  and  provided  with 
suitable  puraps'to  remove  the 
water  which  accumulates. 

The  ores  from  the  solfare 
are  divided  into  three  quali- 
ties :   Rich  ores  with  30  to  40 
per  cent,  of  total  S,  yielding 
Fia,  73.  20  to  25  per  cent. ;  good  ores 

with  20  to  35 percent., yielding 
15  to  20  per  cent. ;  and  ordinary  ores  containing  20  to  35  per  cent,  and  yielding 
10  to  15  per  cent,  of  sulphur  ;  ores  with  10  to  12  per  cent,  of  sulphur  do  not 
ordinarily  pay  for  working. 

Until  1850  the  sulphur  was  extracted  by  fusion,  by  burning  the  ore  in 
small  heaps  called  cakarelli,  or  small  calcaroni,  of  about  2i  metres  diameter. 
By  this  system  only  20  to  30  per  cent,  of  the  total  sulphur  was  extracted  ;  the 
rest  was  burnt  to  sulphur  dioxide,  which  polluted  the  air  and  caused  enormous 
damage  to  the  health  of  both  populace  and  vegetation. 

The  methods  of  extraction  were  then  much  improved,  and  in  1850  the 
system  was  started  of  collecting  the  ore  into  much  larger  heaps  covered 
outside  with  earth  or  ash  from  the  already  treated  ore  (called  ginisi). 

These  large  heaps  are  called  calcaroni  (Fig.  73).  They  hold  up  to  2000  cu. 
metres  of  ore,  containing  not  less  than  15  per  cent,  of  sulphur,  and  the  com- 
bustion lasts  from  one  to  two  months.  A  third  of  the  sulphur  is  consumed 
as  fuel. 

The  calcaroni  are  built  up  in  places  sheltered  from  the  wind  in  a  circular  excavation 
in  the  ground,  ten  to  twenty  metres  in  diameter  and  two  lo  three  metres  deep.  The  floor 
JH  weU  beaten  down  and  is  inclined  towarda  ono  point  where  the  fused  sulphur  collects. 

Large  lumps  of  ore  arc  placed  at  the  bottom  and  arc  arranged  in  diminishing  size  upwards 
to  the  top,  which  ia  covered  witli  material  which  has  already  t>cen  treated.  The  sulphur 
is  set  on  fire  from  the  top  by  introducing  lighted  wood  through  channels  which  are  left 
for  this  purpose  ;  the  heat  then  spreads,  melting  all  the  sulphur,  which  collects  at  the 
base  in  boxes  of  moist  wood  where  it  solidifies  and  forms  loaves  of  60  lo  60  kjloe  weight, 
forming  crude  fused  sulphur  which  is  very  impure  and  of  a  dark  eoloiff. 

~~  n  yield  obtained  in  the  calcaroni  is  60  to  OS  per  cent,  of  the  total  sulphur 
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(tor  an  ore  containing  25  per  cent,  of  sulphur,  70  per  cent,  of  limestone,  and  5  per  cent,  of 
moisture),  wfiilat  theoretically  the  yield  should  be  about  85  per  cent.,  consuming  11  to 
15  per  cent,  of  the  sulphur  in  order  to  raise  the  te,mperaturc  of  the  ore  sufficiently  for  the 
funon  of  the  remainder. 

A  more  rational  manner  of  working,  willi  a  better  yield,  is  attained  with  the  regenerative 
fumacos  patented  by  Robert  Gill  in  1880,  in  which  the  heating  is  performed  in  dosed 
chambers  of  brickwork,  holding  up  to  30  cu.  metres  of  ore.  A  yield  of  70  to  75  per  cent. 
of  the  total  sulphur  can  thus  be  obtained  without  polluting  the  air  and  damaging  the 
neighbourhood.  In  this  case  also  the  heating  takes  place  at  the  expense  of  the  sulphur 
which  burns. 

These  regenerative  furnaces  (Fig.  74)  aro  formed  of  two  large  brickwork  chambers, 
both  communicating  with  the  sa^wo  chimney  in  such  a  manner  that  combustion  can  be 
readily  regulated.     When  combustion  is  finished  in  one  chamber  it  is  commenced  in  the 
other,  so  that  there  is  continuous  working.     With  the  two  chambers  of  Euch  a  furnace 
forty-five  to  ninety  charges  can  bo  worked   per  annum.     The  cfiarge  of  ore  is  arranged 
as  in  the  calcaront,  with  the  larger  lumps  below  and  finer  material  at  the  top,  so  that 
the    molten     sulphur    may    readily 
find   its  way  to   the   bottom,  where 
it  collects  on  a  floor  which  is  gently 
inclined  and  is  sometimes  separated 
from  the  ore  by  means  of  a  double 
floor. 

These  furnaces  have  been  still 
further  improved  by  replacing  them 
by  circular  furnaces  with  six  cham- 
bers, which  permit  of  the  better 
utilisation  of  the  heat  of  combustion 
emitted  by  them  in  turn.  In  this 
way  yields  of  more  than  75  per 
cent,  of  the  total  sulphur  have  been 
obtained.  Of  late  years  the  San- 
fihppo  furnaces  have  also  come. to 
the  front  and  allow  of  a  still  betttr 
yield  and  of  the  utilisation  of  poor 
ores,  as  the  chambers  of  the  furnace 
aro  traversed  by  numerous  per- 
forated    vertical     chambers    which 

allow  access  of  air  to  all   points   of  ^'o.  74. 

the  moss  to  be  regulated. 

Sulphur  is  also  extracted  from  its  ores  by  making  use  of  its  easy  fusibility  under  the 
action  of  superheated  steam  at  three  and  a  half  atmospheres  pressure. 

This  principle  was  proposed  by  Payon  and  by  Gill  at  the  close  of  1867  ;  the  furst  apparatus 
waa  constructed  by  Thomas  in  1809  and  applied  by  Gill  after  1884.  A  final  improvement, 
indicated  in  a,  patent  of  1891,  rendered  the  use  of  this  apparatus  possible. 

The  steam  extractors  of  Thomas  consist  of  lorgc  horizontal  iron  cylinders,  er.cased  in 
wood,  6  metres  long  and  80  to  100  cms.  in  diameter.  Fig.  7i>  shows  a  portion  of  such  a 
cylinder.  Small  waggons  with  perforated  bottoms  arc  charged  with  the  ore  and  run  on 
the  rails  S  inside  the  cylinder  ;  the  door  is  iirmly  closed  after  charging,  and  superheated 
steam  at  130°  is  admitted  by  the  cock  C,  which  is  closed  when  steam  only  escapes.  The 
molten  sulphur  collects  in  the  receiver  g,  carrii'd  in  the  small  car  B,  and  connected  with 
the  main  extractor  by  a  steam-tight  joint  ;  this  can  bo  removed  when  the  extraction  is 
complete.  The  steam  is  discharged  under  pressure  from  the  valve  k  into  another  similar 
apparatus  and  a  fresh  batch  of  ore  is  then  treated.  Eight  to  twelve  batches  can  be  treated 
daily  of  four  to  five  tons  each. 

In  order  to  treat  24  tons  of  2.1  per  cent,  ore  in  twenty-four  hours  600  kilos  of  coal  (£1) 
are  required,  and  five  ton-s  of  sulphur  are  obtained.  If  the  same  quantity  of  ore  is 
treated  in  calcaroni  a  ton  of  sulphur  is  lost  and  eouts  more  than  the  coal.  Exiiaction 
with  steam  gives  a  yield  of  80  to  90  per  cent,  of  the  total  sulphur,  but  requires  greater 
eipenseB  for  plant  and  for  fuel  (which  is  rather  dear  in  Sicily)  so  that  this  method  cannot 
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be  extended  in  the  iaiand.  On  the  other  hand,  it  has  been  introduced  advantageously, 
with  suitable  improvementa,  in  Romagna  (»«  btloui).  When  the  mineral  contains  much 
gypsum  the  lossea  on  steam  extraction  are  licav)'. 

Of  the  sulphur  produced  in  Sicily  in  1891  75  per  cent,  was  obtained  in 
calcaront,  17  per  cent,  in  regenerative  furnaces,  and  8  per  cent,  bj'  steam 
extraction.  In  1903  only  32  i>er  cent,  was  obtained  in  calcaroni,  55  per  cent. 
in  regenerative  furnaces,  and  13  per 
cent,  of  the  total  production  in  steam 
extractors.  In  1906  the  proportion 
obtained  from  regenerative  furnaces 
rose  to  6.6  per  cent. 

In  Romagna,  the  ore  is  mixed  with 
bituminous  substances  and  is  then 
burnt  in  calcaroni,  giving  a  dark 
product.  In  small  quantities  it  Is 
treated  by  distillation  in  numerous 
"  pignatti  d'argilla  "  (clay  retorts)  of 
20  litres  capacity,  heated  in  a  suitable 
furnace  called  a  "galera."  The  sul- 
phur vapours  are  condensed  outside 
the  furnace  in  other  pignatti. 

For  larger  production  "  doppioni  " 

are  used  (Fig.  76),  consisting  of  eight 

cast-iron   retorts,    1     metre    high    and 

Pj(,  pjj  ■  05    metre     in     diameter,    obliquely 

arranged    in  a  furnace.      The  sulphur 

vapours  pass  through  the  tube  j  into  a  condenser,  k,  common  to  two  retorts, 

and  the  liquid  sulphur  so  obtained  coUccIh  in  receivers,  i,  which  are  kept 

hot  by  the  furnace  gases  passing  along  Ihe  flue  K.        It  takes  twelve  hours 

to  treat  a  batch  of  ore  in  a   set  of  eight   retorts.     Each  retort  takes  150 

kilos  of  ore  per  twelve  hours.      The  "  doppioni "  are  not  used  for  production  . 

on  the  large  scale,  as  production  is  too  expensive  on  account  of  the  small 

output,  high  cost  of  plant,  and  easy  damage  to  the  retorts. 

At  Latcro,  near  Rome,  good  results  have  been  obtained  from  a  poor  ore  (13  per  cent.  S) 
by  extraction  with  steam,  A  special  apparatus  was  used,  devised  by  Gritti,  and  patented 
by  the  Cowpagnia  franceso 
delle  cave  di  Latera.  For 
Bome  years,  however,  the 
extraction  of  sulphur  at 
Latera  has  ceased. 

The  extraction  of  sulphur 
with  carbon  disulphide  has 
been  tried  at  Naples  and  at 
Swosiowice     with    poor    ores 

{15    per    cent.),   and    99   per  Fio.  76. 

cent,     ot     the     sulphur     was 

obtained.  For  special  reasons  Ihe  eslraction  with  carbon  disulphide  at  Naples  was  not 
continued. 

New  dcposit-s  of  sulphur  have  recently  Ix-cn  found  in  the  Caucasus,  and  it  has  been 
calculated  that  they  are  capable  of  yielding,  altogether,  nine  million  tons  of  sulphur  ;  at 
present  this  is  burnt  on  the  spot  for  the  direct  production  of  suiphuric  acid. 

A  proposal  has  been  made  to  extract  it  by  PelcauoiT's  method,  as  follows  :  1  he  ore 
is  thrown  into  brickwork  chambers,  which  can  be  hernictically  closed,  provided  with  a 
false  bottom,  and  water  is  added  whicli  fills  (he  iutersticcB  in  the  ore  ;  the  whole  is  then 
heated  with  superheated  steam,  which  causes  the  sulphur  to  melt  and  cohect  in  the  pure 
state  on  the  bottoms. 


REFINING    SULPHUR  199 

At  Charles  Lake,  Louisiana,  America,  the  sulphur  deposits  have  been  known  since  1868, 
and  the  sulphur  has  recently  been  extracted  from  fairly  deep  strata  by  H.  Frasch's  method 
without  sinking  shafts  ;  by  this  method  it  is  possible  to  pass  through  layers  of  the  hardest 
rock  to  a  depth  of  240  metres,  where  there  are  compact  deposits  of  sulphur,  30  to  40  metres 
thick  and  fairly  pure.  Frasch  sank  a  well,  25  cms.  in  diameter,  just  as  in  boring  for  petro- 
leum, lined  with  an  iron  tube,  until  he  arrived  at  the  rock  under  which  lay  the  sulphur. 
In  this  tube  three  other  concentric  tubes,  lined  with  aluminium,  were  suitably  fixed,  of 
15,  7-5,  and  2*5  cms.  diameter,  which  were  driven  into  the  sulphur  layer.  The  15  cm. 
tube  was  then  surrounded  with  superheated  water  at  six  atmospheres  pressure  (156° 
temp.)  which  melted  the  sulphur  and  forced  it  to  ascend  the  middle  tubes  as  a  liquid  of 
density  2  ;  it  was  here  surrounded  by  hot  air  at  130°  C.  The  molten  sulphur  rose  to  a 
certain  height  in  the  tube  and  attempts  were  made  to  extract  it  by  a  pump  with  aluminium 
valves  ;  the  valves  resisted  the  corrosive  action  of  the  sulphur,  but  were  unable  to  support 
the  strokes  of  the  pistons,  and  the  difficulty  was  ingeniously  surmounted  by  introducing  a 
current  of  air  through  the  central  tube  which  so  strongly  emulsified  the  column  of  molten 
sulphur  that  it  was  rendered  lighter  and  rose  to  the  surface  without  a  pump.  Thus  the 
principles  of  the  Kuhlmann  emulsifier  and  the  Mammoth  pump,  already  used  for  raising 
acids  and  other  liquids,  were  here  applied  together  (see  illustration  to  the  chapter  on 
Sulphuric  Acid).  At  the  siirface  the  fused  sulphur  is  collected  in  large  wooden  boxes 
where  it  solidifies,  and  the  water  and  hot  air  are  utilised  again. 

In  1902  the  Union  Sulph\ir  Company  of  New  York  obtained  100  tons  of  sulphur  per  day 
by  this  process  ;  by  the  end  of  1903  the  production  had  risen  to  560  tons  daily  ;  in  1904 
it  rose  to  800  tons,  and  in  1905,  with  four  boreholes  and  plant  and  600  workmeii,  the  daily 
production  was  about  1500  tons.  At  first  about  1000  kilos  of  coal  were  used  for  boilers, 
&c.,  per  300  kilos  of  sulphur,  but  to-day  this  has  been  advantageously  replaced  by 
petroleum. 

By  simply  melting  the  extracted  sulphur  with  steam  in  iron  boilers  a  product  of  99  to 
99'6  per  cent,  purity  is  obtained  with  a  loss  of  only  1  -5  per  cent.  It  is  easily  understood 
that  the  Frasch  process  is  only  applicable  to  very  pure  sulphur  deposits. 

The  sulphur  deposits  of  Louisiana  have  been  estimated  to  contain  forty  million  tons, 
and  important  surface  deposits  of  sulphur  of  volcanic  origin  (solfatare)  which  have  not 
yet  been  exploited  are  found  at  Kadiak  and  generally  in  the  volcanic  islands  of 
Alaska. 

A  special  and  rather  complicated  method  has  been  suggested  by  Stickney 
for  the  recovery  of  sulphur  from  iron  pyrites  ;  the  ore  moves  automatically 
in  a  cylindrical  furnace,  and  is  heated  with  either  water-gas,  petroleum,  coal, 
or  steam.     The  sulphur  vapours  are  condensed  by  a  spray  of  saline  solution. 

Small  quantities  of  sulphur  are  also  obtained,  mixed  with  Laming's  material, 
in  the  purification  of  coal-gas,  and  may  be  removed  by  extraction  with  carbon 
disulphide. 

The  recovery'  of  sulphur  from  the  residues  of  the  Leblanc  soda  industry' 
is  to-day  of  great  importance.  If  all  these  residues  were  Avorked  up  by 
Cliance's  method,  employing  chimney  gases  (COj),  180,000  tons  of  sulphur 
would  be  obtained  per  annum.  At  present  more  than  80,000  tons  are  so 
obtained  {see  Soda,  Part  III). 

REFINING  SULPHUR.  The  first  subliming  plant  was  constructed 
by  Michel  at  Marseilles  in  1805  and  improved  by  La  my  in  1844.  888 
kilos  of  sulphur  are  heated  in  the  pan  D  (Fig.  77),  where  it  melts  and  passes 
through  the  tube  F  into  the  iron  retort  By  which  is  1*5  metres  long  and 
0*5  metre  in  diameter,  and  holds  300  kilos  of  sulphur.  This  is  heated 
directly .  by  the  hearth  A,  and  the  fire-gases  rise  through  the  flue  C  and 
heat  the  pan  D.  When  distillation  from  one  retort  is  finished,  the  other 
is  charged  and  heated,  the  first  being  meanwhile  shut  off  by  closing  the 
damper  I\  The  sulphur  vapours  condense  in  the  chamber  6r,  which  has 
a  volume  oi  80  cu.  metres. 

The  distillation  of  the  contents  of  each  cylinder  takes  four  hours,  and 
from  the  two  cylinders  1*8  tons  of  sulphur  are  obtained  in  twenty-four  hours. 
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If  the  cotideuijiiig  chamber  is  kept  at  a  temperature  above  114°  molten  sulphur 
collects  on  the  floor,  flows  into  the  receiver  L,  and  ia  poured  into  the  moulds 
M,  where  it  soHdifles.  If  the  temperature  in  the  condensing  chamber  is 
below  100°,  flowers  of  sulphur  are  formed,  and  in  this  case  only  300  kilos 
are  produced  per  day. 

The  method  of  Dujardin,  who  replaces  the  Lamy  retorts  by  shallow  retorts, 
is  more  rational,  and  only  25  per  cent,  of  the  sulphur  is  then  lost.  In  twaity- 
four  hours  36  tons  of  sulphur  are  obtained,  using  06  ton  of  coal. 

Much  sulphur  is  refined  at  Marseilles  and  Anvers,  but  a  considerable 
quantity  is  also  refined  in  Germany  and  Italy,  especially  in  Romagna  and 
Catania. 

In  order  to  decrease  the  losses  in  preparing  flowers  of  sulphur,  the  use  of  inert 
gases  such  as  N,  COj,  &c.,  instead  of  air  in  the  condensing  chamber,  has  been 
proposed. 

Ground  Sulphur.  Formerly  in  Sicily  the  flowers  of  sulphur  were  simply 
sieved,  but  the  product  wa^  only  slightly  adhesive  to  the  vine-leaves.     To-day 


the  crude  sulphur,  melted  and  cast  into  loaves,  is  refined  in  the  Sicihan  ports 
by  being  remelted  and  transformed  into  flowers  of  sulphur,  or  is  grourid 
between  millstones  and  the  product  passed  through  silken  sieves,  of  170  meahe- 
to  the  inch.  Sometimes  the  sulphur  catches  fire  during  grinding,  but  i= 
easily  extinguished  with  damp  sacking.  Seventy  per  cent,  of  this  sulphur 
adheres  to  the  foliage  of  the  vine. 

Winnowed  Sulphur  (aolfo  ventilato)  is  much  superior  for  viticultural 
purposes,  as  it  is  more  adhesive  to  the  foliage.  It  was  first  prepared  by 
Dr.  A.  Walter,  at  Bagnoli,  near  Naples.  Lumps  of  refined  sulphur  are 
placed  at  the  bottom  of  a  conical  vessel  of  stone  in  which  a  vertical 
millstone  revolves.  During  the  grinding  a  continuous  current  of  air  boss 
powerful  fans  is  introduced  at  the  bottom  of  the  apparatus.  The  finest 
sulphur  is  thus  carried  to  the  farthest  points  of  the  large  closed  chamber  in 
which  the  operation  is  conducted.  In  order  to  allow  the  air  to  escape,  theie 
are  windows  covered  with  large  sheets  of  cloth  which  retain  the  sulphur 
whilst  allowing  the  air  to  escape.  Each  mill  consumes  2  h.p.,  and  y\e\ii 
I  to  15  tons  of  winnowed  sulphur  per  twenty-four  hours. 

Sometimes  the  very  finely  divided  sulphur  explodes  with  the  oxygen 
of  the  air ;  air  containing  little  oxygen  has  been  suggested  for  this  purpose, 
and  is  easily  obtained  by  pas-sing  ordinary  air  over  a  layer  of  glowing  eha^ 
coal,  or  by  employing  furnace  gases  directly  {Delilla,  Ital,  Pat,  51,474). 

The  firm  of  Wiilfcr  and  Ti'emwella  in  Naples  and  Catania  alone  producol 
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5000  tons  of  winnowed  sulphur  in  1890.  This  product  is  also  manufactured  in 
Romagna,  Lombardy,  and  Piedmont.  This  sulphur  has  a  pale  yellow  colour, 
similar  to  that  of  precipitated  sulphur,  and  contains  less  than  0*5  per  cent,  of 
ash.    The  degree  of  fineness  is  determined  by  ChanceFs  method.^ 

SELENIUM :   Se,  79.2 

This  element  is  rare,  and  is  mainly  found  in  certain  Bohemian  and  Swiss  pyrites.  These 
pyrites  are  burnt  in  sulphuric  acid  works  and  the  selenium  is  then  found  in  the  dust- 
chambers  and  in  the  mud  of  the  lead  chambers. 

It  has  also  been  found  in  the  lava  of  Vesuvius  and  of  the  island  of  Li  pari ;  some  is  also 
produced  in  the  Argentine  and  the  United  States,  where  it  is  obtained  from  the  anodic 
mud  of  the  electrolytic  copper  refinieries. 

It  was  first  discovered  by  Berzelius  in  1817  in  the  mud  of  the  lead  chambers  of  a  works 
at  Gripsholm.  It  is  extracted  by  treating  the  mud  with  a  concentrated  solution  of 
potassium  cyanide  ;  the  selenium  is  precipitated  from  the  filtrate  with  HCl.  It  is  then 
collected,  oxidised  with  nitric  acid,  and  evaporated,  when  selenium  dioxide  (SeO,)  remains, 
and  is  purified  by  subhmation.  This  oxide  is  reduced  to  metallic  selenium  by  an  aqueous 
solution  of  SOf. 

A.  Koch  has  recently  obtained  good  results  (Ger.  Pat.  167,457,  Dec.  1903)  by  treating 
the  lead  chamber  mud  (consisting  of  lead  sulphate  and  free  selenium)  at  moderate 
temperatures  with  moderately  concentrated  sulphuric  acid  and  potassium  permanganate  ; 
aodium  chloride  is  then  added  and  the  solution  diluted  and  filtered.  The  selenium 
is  then  precipitated  from  the  filtrate  with  sidphur  dioxide. 

PROPERTIES.  Selenium  melts  at  217°  (the  variety  in  red  crystals  at 
170°-18O°)  and  boils  at  665°,  forming  dark  yellow  vapours,  the  density  of 
which  diminishes  up  to  temperatures  of  1400°,  when  it  consists  entirely  of 
molecules  of  diatomic  Se.  It  bums  in  the  air  with  a  bluish-red  flame  to 
form  SeOj,  with  an  odour  of  rotten  radishes.  When  heated  with  carbon, 
it  yields  red  vapours  of  disagreeable  odour. 

It  dissolves  in  strong  sulphuric  acid  with  green  colour,  reacting  according 
to  the  following  equation  : 

Se  +  2H2SO4  =  2SO2  +  SeOa  +  2H2O. 

Sodium  selenite  is  coming  into  use  for  determining  whether  a  given  medium 
is  sterile  or  contains  bacteria ;  in  the  latter  case  a  noticeable  amount  of 
reduction  takes  place,  and  can  be  confirmed  b}^  the  use  of  potassium  tellurite 
(Gosio). 

>  Analywis  of  fulphur.  Chancel's  sulphurimeter  Is  aaed  for  determining  the  finenesg ;  this  consists  of  a  glass 
O'linder,  closed  below,  23  cms.  long,  121)8  mm.  in  diameter,  and  provided  with  a  ground  glass  stopper.  A  volume 
of  25  c.c.  is  divided  into  100  parts,  which  indicate  degrees  of  fineness,  according  to  Chancel.  The  apparatus  is 
constructed  by  J.  Greiner,  Monaco.  The  sample  to  be  examined  is  first  passed  through  a  sieve  of  1  sq.  mm.  mesh 
to  break  up  the  lumps,  and  precisely  5  grms.  are  then  weighed  into  the  apparatus,  which  is  filled  up  with  pure 
ether,  free  from  alcohol  (distilled  over  metallic  sodium),  to  1  cm.  above  the  100  mark,  at  a  temperature  of  17 'b"  G. 
The  whole  is  then  strongly  shaken  in  a  vertical  direction  for  thirty  seconds  and  the  apparatus  suspended  in  a 
vessel  of  water  at  17 '5°  without  allowing  it  to  touch  the  sides  or  bottom  of  the  vessel,  as  any  impact  alters  the 
rpsults.  The  sulphur  settles  and  the  ether  clears.  When  the  layer  of  sulphur  does  not  further  decrease  in  a  few 
minutes  a  reading  ofits  height  is  taken.  The  finer  the  sulphur  the  larger  will  be  this  reading.  The  shaking  is 
repeated  and  the  mean  of  four  readings  taken  ;  this  series  of  readings  is  then  repeated  with  another  6-grm.  sample 
of  solphur,  and  the  mean  of  the  two  results  is  taken  (H.  Frcsenius  and  P.  Beck,  1903).  Commercially  there  is  an 
allowance  of  S'*.  Sulphur  of  40^-45''  and  also  of  SO^-^S"  Chancel  is  sold. 

The  mineral  impurities  (a«A)  are  determined  by  burning  10  grms.  in  a  tared  porcelain  capsule  and  weighing  the 
residue. 

Moisture  is  determined  in  a  lOO-grm.  sample,  after  powdering  and  rapidly  weighing,  by  heating  for  an  hour 
each  time  in  an  oven  at  100** ;  it  is  weighed  after  cooling  in  a  desiccator. 

Arsenic  is  tested  for  qualitatively  by  treating  1  grm.  of  sulphur  with  15  drops  of  ammonia  and  2  c.c.  of  water ; 
after  half  an  hour  the  liquid  Is  filtered  ofiF  and  30  drops  of  hydrochloric  acid  and  15  drops  of  oxalic  acid  solution 
added  ;  a  strip  of  polished  brass  is  then  immersed  in  the  liquid,  which  is  heated  to  dO^'-lOO".  In  presence  of  arsenic 
the  brass  quickly  acquires  a  grey  or  black  colour.  The  quantitative  determination  of  arsenic  is  carried  out  by 
Schoppi's  method,  which  we  will  not  describe  here. 

The  specific  gravity  is  determined  with  Schumann's  volumeter. 

.Selenium  is  tested  for  by  melting  a  little  of  the  sulphur  with  potaHsium  nitrate,  then  dissolving  the  mass  in 
bydroehloric  acid  and  treating  with  sulphurous  acid,  which  precipitates  the  selenium  as  a  red  powder. 

In  order  to  distinguish  molten  sulphur  from  flowei}9  of  sulphur,  it  is  only  necessary  to  remember  that  the  former 
is  completely  soluble  in  cart>on  disulphide,  in  which  the  latter  is  mainly  insoluble. 


202  INORGANIC    CHEMISTRY 

Selenium  can  exist,  like  sulphur,  in  various  allotropic  forms :  amorphous  selenium 
(by  reducing  SeOj  with  SO,)  is  a  red- brown  powder  of  sp.  gr.  4*26,  soluble  in  carbon  disul- 
phide,  from  which  it  separates  in  small  crystals  of  sp.  gr.  4-50.  A  solution  of  potassium 
selenide  on  standing  in  the  air  deposits  black  scaly  crystals  of  sp.  gr.  4-80,  isomorphous 
with  sulphur,  and  insoluble'  in  carbon  disulphide.  On  rapidly  cooling  molten  selenium 
it  is  transformed  into  a  vitreous  amorphous  mass,  black  in  colour,  of  sp.  gr.  4-28,  soluble 
in  carbon  disulphide;  on  cooling  slowly,  on  the  contrary,  a  crystalline  mass  is  obtained, 
insoluble  in  carbon  disulphide,  of  sp.  gr.  4-80.  On  heating  amorphous  selenium  to  about 
100°,  its  temperature  suddenly  and  spontaneously  rises  to  over  200°,  and  it  is  transformed 
into  a  dark  greyish,  metallic,  crjrstalline  substance  of  sp.  gr.  4*8,  insoluble  in  carbon  disul- 
phide and  a  good  conductor  of  heat  and  electricity,  as  is  that  obtained  on  slowly  cooling 
molten  selenium  ;  on  exposure  to  light  the  one  form  is  transformed  into  the  other.  Accord- 
ing to  Costo  (1910)  only  three  forms  of  selenium  exist  at  the  ordinary  temperature,  namely : 
(1)  vitreous,  red  selenium,  of  sp.  gr.  4-30,  obtained  by  precipitation  ;  (2)  crystalline  red 
selenium,  of  sp.  gr.  4*45,  which  melts  at  144°  and  sohdifies,  changing  into  (3)  metallic 
selenium,  which  melts  at  219°,  has  the  sp.  gr.  4-80,  and  forms  more  easily  in  presence  of 
traces  of  impurities.  The  study  of  the  various  allotropic  forms  of  selenium  has  lately 
been  pursued  with  much  activity  on  account  of  important  applications  which  are 
expected. 

Amorphous  selenium  is  a  bad  conductor  of  heat  and  electricity,  whilst 
crystalline  selenium  is  a  good  conductor,  and  its  conductivity  increases  when 
it  is  illuminated,  and  with  the  amount  of  illumination  ;  this  sensitiveness 
to  light  is  very  great,  but  is  retained  for  a  short  time,  a  fact  which  has  greatly 
hindered  any  large  practical  application  of  this  most  interesting  property. 
Even  traces  of  contamination  with  certain  metals  influence  this  special 
behaviour  of  selenium  very  greatly,  and  also  after  sudden  illumination  the 
original  electric  resistance  is  only  slowly  regained  (after  twenty -four  hours), 
which  renders  any  practical  application  still  more  difficult.  It  has  recently 
been  found  that  the  sensitiveness  and  its  duration  are  increased  if  the  selenium 
is  heated  to  200°  in  an  atmosphere  which  is  dry  and  free  from  oxygen,  and 
is  then  allowed  to  cool  and  crystallise  slowly  ;  also  the  addition  of  01  to  Oo 
per  cent,  of  silver,  and  of  other  catalysers,  increases  the  sensitivenes^s  ;  a 
method  is  still  needed  of  protecting  active  selenium  from  moisture  (R. 
Marc,  1907). 

The  activity  of  selenium  is  not  due  to  chemical  action  and  has  nothing  to  do  with  heat 
effects,  as  it  still  exists  at  the  temperature  of  liquid  air  (  —  190°),  but  is  strictly  connected 
with  the  action  of  light,  which  form  of  energy  causes  the  transformation  of  one  allotropic 
form  into  another,  with  alteration  of  density  and  probable  formation  of  free  ions  or  electrons, 
which  are  good  conductors  of  the  electric  current. 

Already  in  1886  Graham  Bell  (the  inventor  of  the  telephone)  succeeded  in  producing 
with  the  aid  of  selenium  a  wireless  telephone,  for  transmitting  sounds  for  a  short  distanct^ 
(radiophone) ;  the  method  was  based  on  the  observations  of  W.  Smith  in  1873.  But  in 
1904  E.  Ruhmer,  in  Berlin,  obtained  much  more  important  results  by  applying  selenium 
to  the  speaking  arc,  discovered  by  Simon  in  Gottingen  in  1898  :  If  in  a  circuit  containing 
an  arc  lamp  a  secondary  coil  is  interposed,  then  if  the  primary  circuit  is  connected  ^ith  a 
telephone  transmitter,  the  light  of  the  arc  will  be  influenced  by  sounds  which  impinge 
on  the  transmitter,  thus  varying  the  intensity  of  the  light ;  this  is  the  speaking  arc.  A 
telephonic  transmitter  of  which  the  microphone  is  connected  with  selenium  reveals  these 
oscillations  of  light,  reproducing  the  sounds  which  influence  the  arc,  and  in  this  manner 
E.  Ruhmer  was  able  to  speak  at  a  distance  of  sixteen  kilometres  with  his  wireless  tele- 
phone. 

It  is  clear  that  the  distance  could  not  be  very  large,  as  in  wireless  telegraphy,  as  the 
electric  arc  and  the  telephone  receiver  had  to  be  in  the  same  straight  line — in  fact,  had  to 
be  within  sight  of  one  another. 

Photographic  transmissions  are  to-day  sent  over  large  distances  by  using  the  circuit 
of  Duddel  and  Poulsen,  which  produces  continuous  osciUations  of  high  frequency  (5(K>.(X»C^ 
to  600,000  electromagnetic  oscillations  per  second)  which  can  be  received  at  a  syntonic 
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station,  that  is,  one  with  oscillations  of  the  same  period.  Commercial  selenium  powder 
costs  £5  I2s.  per  kilo,  and  is  used  for  producing  a  red  colour  on  porcelain  and  glass  ; 
as  sublimed  powder  it  costs  £8,  and  in  small  rods  £6  per  kilo. 

TELLURIUM:   Te,  127.5 

This  element  is  not  abundant  in  nature  ;  it  is  found  in  the  metallic  state 
and  mixed  with  gold  and  silver,  lead,  and  bismuth,  especially  in  Transylvania 
and  in  the  Russian  gold  mines  in  the  Altai  Mountains.  It  is  also  found  in  the 
volcanic  formations  of  the  Lipari  Islands. 

Tellurium  is  separated  by  sulphurous  acid  from  solutions  of  tellurous 
acid  as  a  black  powder,  of  sp.  gr.  5-9.  When  fused  it  has  a  silvery  white, 
metallic  appearance  and  is  a  good  conductor  of  heat  and  electricity.  It 
crystallises  in  rhombohedra  of  sp.  gr.  6-4,  melts  at  452°,  and  boils  at 
1280',  forming  simple  molecules  of  Te,  even  at  1400°  to  1700°.  The  atomic 
weight  was  believed  to  be  128,  but  according  to  the  periodic  system  it  should 
be  less  than  that  of  iodine  (126-9),  and  Brauner  actually  foimd  it  to  be  126  ; 
but  the  latest  and  more  exact  work  (Standenmayer,  1895)  brings  us  back 
to  the  atomic  weight  127-5. 

Some  gold  ores  contain  telliuium.  To  obtain  tliis  element  these  ores  are  heated  in 
cast-iron  vessels  with  strong  sulphuric  acid  ;  the  gold  and  silica  remain  undissolved  ; 
the  liquid  is  concentrated,  diluted,  and  then  treated  with  boiling  water  and  with  10  to  15  per 
cent,  of  HCl  to  precipitate  the  silver. 

It  is  then  filtered  into  lead-lined  vats  and  treated  with  gaseous  SOg  from  cylinders  of 
the  liquefied  gas  (70  to  100  grms.  of  SOj  per  litre  of  the  solution  of  tellurium) ;  this  precipi- 
tates tellurium  of  75  to  80  per  cent,  purity  (without  selenium)  and  it  can  then  be  purified, 
yielding  a  95  to  97  per  cent,  product.  The  remaining  mother  liquors  contain  Cu,  Pb, 
Sb,  &c. 

Outside  the  laboratory  tellurium  has  not  yet  received  any  important  application, 
but  experiments  are  always  in  progress  to  find  a  use  for  it  in  medicine,  for  colouring 
pf)rcelain,  or  for  electrotechnical  purposes.  Gosio  has  employed  potassium  tellurite 
in  order  to  discover  whether  substances  are  properly  sterilised,  as  it  is  reduced  by  the 
action  of  bacteria.  Tellurium  powder  costs  £18  per  kilo,  and  when  cast  into  sticks  it 
coHts  £22  per  kilo. 

HYDROGEN  COMPOUNDS  OF  THE  GROUP  :   O,  S,  Se,  Te 

At  high  temperatures  these  four  elements  combine  with  hydrogen  to  form 
compounds  of  the  general  formula  X"H2.  At  still  higher  temperatures  these 
are  decomposed  into  their  components.  But  whilst  water  (HgO)  is  eC  liquid 
and  non-poisonous,  the  hydrogen  compounds  of  the  other  elements  are  gases 
and  poisonous  to  the  human  system.  Water  is  also  a  strongly  exothermic 
compound,  whilst  hydrogen  sulphide,  HgS,  is  but  weakly  exothermic  (2600  cals.), 
and  hydrogen  selenide  and  telluride  are  endothermic.  The  aqueous  solutions 
of  the  three  last  compounds  are  decomposed  by  oxygen  and  still  more  easily 
by  the  halogens,  forming  oxides. 

WATER:    Hfi 

This  compound  is  found  in  nature  as  meteoric,  spring,  river,  lake,  and 
f^ea  water. 

Water  is  found  very  abundantly  in  nature  and  covers  three-quarters  of 
the  earth's  surface  ;  a  very  large  quantity  is  also  present  as  vapour  in  the 
atmosphere,  from  which  it  separates  continually  in  the  forms  of  fog,  dew, 
rain,  snow,  hail,  &c.,  which  are  all  forms  of  meteoric  water.  More  meteoric 
water  falls  in  the  tropics  and  in  the  neighbourhood  of  the  sea  than  in  more 
northern  countries  ;  more  falls  in  the  mountains  than  on  the  plains,  and 
more  in  summer  than  in  winter.^ 

Trantiator^g  rwU. — This  lust  xemark  only  applies  to  certain  portions  of  the  earth's  surface. 
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On  investigation  of  the  amount  of  water  which  falls  in  various  parts  of  the  earths 
surface,  measured  in  height  of  water  by  means  of  suitable  rain-gauges,  it  is  found  that  th< 
average  rainfall  in  St.  Petersburg  is  45  cms.  per  year ;  in  Berlin  it  is  57,  in  Rome  78, 
in  Genoa  118,  in  Milan  60  to  100,  at  Tolmezza  {in  the  Alps  in  the  Province  of  Udine)  244, 
and  at  Bergen  (Norway)  226  cms.  per  year. 

The  amount  of  water  which  falls  annually  varies  very  much :  thus  the  mean  annual 
rainfall  in  Frankfort  during  thirty  years  was  60  cm.  ;  but  it  was  only  36  cm.  in  1864  anc 
140  cm.  in  1867  ;  hence  the  great  difficulty  of  establishing  rigorous  meteorological  laws^ 
About  half  the  rain  water  evaporates  almost  immediately  into  the  atmosphere,  wtulsl 
the  other  half  descends  under  the  action  of  gravitation  into  the  lower  layers  of  the  earths 
crust  and  reappears  as  springs,  rivers,  and  in  the  sea. 

Large  pine  forests  appear  to  increase  the  quantity  of  rain,  and  certainly  cause  it  to  b^ 
better  distributed  over  the  ground  ;  they  also  act  advantageously  by  hindering  avalanches 
and  inundations  during  storms,  as  the  leaves  and  the  vast  network  of  roots  retain  the  water.' 

Meteoric  water  is  of  the  greatest  importance  in  the  economy  of  nature,  because  it  suppHei 
the  necessary  water  to  man  for  domestic  purposes,  drinking,  and  hygiene  ;  it  suppHtH 
water  for  agriculture,  and  is  also  important  as  a  source  of  energy,  as  it  supplies  a  nieanv<  d 
utilising  indirectly  the  solar  heat  which  is  apparently  dispersed  over  those  three -quarter! 
of  the  globe  (seas  and  lakes)  where  there  is  no  vegetation  and  no  crops  to  ripen.  This  sola] 
heat  is  not  in  fact  lost,  but  serves  to  transform  part  of  the  water  at  the  surface  of  th^ 
seas,  lakes,  and  rivers  into  vapour  which  is  deposited  in  the  form  of  rain  on  the  plaini 
and  mountains  and  returns  to  the  sea,  furnishing  motive  power  for  innumerable  enterprisd 
during  this  cycle  and  producing  work  and  wealth  everywhere.  i 

Meteoric  water  contains  in  solution  the  component  gases  of  the  air  in  the  ratio  of  theii 
solubilities.  One  litre  of  rain  water  contains  in  winter  32  c.c.  of  gas  (air)  and  in  summej 
26  c.c,  containing  27  per  cent.  O,  64-2  per  cent.  N,  and  8*8  per  cent.  CO  ;  it  also  cent  aim 
traces  of  NH,,  HNO3,  nitrous  acid,  H2SO4,  and  during  storms  also  a  little  hydrogei 
peroxide.  I 

The  following  is  the  average  composition  of  rain  water,  deduced  from  that  of  seventy 
samples  collected  in  England :  total  solids  per  litre  39-5  mgrm^^.,  ammonia  from  2  t^ 
6  mgrms.,  NjOs  from  0*18  to  2-7  mgrms.  and  even  more. 

The  rise  in  level  of  the  water  of  the  subsoil  which  occiirs  in  certain  rainy  years  is  of  tei 
characterised  by  pollution  of  the  water  of  the  wells  and  an  increase  in  the  number  of  t yphui 
cases.  ' 

Meteoric  water  dissolves  various  substances  during  its  infiltration  through  the  ground,  in 
eluding  COj,  which  in  turn  forms  bicarbonates  by  dissolving  the  salts  of  Mg,  Fe,  Mn,  Ca,  &<i 

PHYSICAL  PROPERTIES  OF  WATER.  Water  solidifies  at  0°,  orbelo\^ 
this  temperature  if  completely  undisturbed  ;  before  solidifying  at  0°  it  has  i 
density  of  099987. 

In  vacwo,  or  when  covered  with  a  layer  of  oil,  it  solidifies  at  — 10°,  or  evei 
at  —20°.  Aerated  water  can  be  cooled  to  some  degrees  below  zero  withouj 
solidifying,  and  if  water  free  from  air  is  added,  this  latter  alone  solidifie:^ 
Some  dissolved  substances  retard  solidification  very  much,  for  instance,  ethei 
and  various  salts  (see  below,  Freezing  Mixtures). 

On  cooling,  water  continues  to  diminish  in  volume  until  4°  is  reached 

*  Ill-considered  deforestation  in  the  past  has  deprived  large  regions  of  wat«r  reservoirs  and  has  given  rt&t^  t 
continuous  lack  of  temperature  equilibrium  ;  rain  occurs  when  it  is  not  required,  as  wi*ll  as  exct^ssive  and  proloii|!o 
frosts  and  violent  winds  which  destroy  vegetation  and  cause  immense  damage.  Woods  avoid  damage  from  flcxxj 
because  they  partly  hold  back  the  rain  water  and  restore  it  slowly  to  the  brooks  and  to  the  atmosphere  ;  th<| 
cause  less  torrential  and  more  frequent  rain  by  maintaining  in  their  neighbourhood  a  fresher  zone  which  facilitaitl 
condensation  of  the  moisture  of  the  atmosphere.  {Translator's  note. — And  more  especially  on  account  of  thi 
enormous  quantities  of  moisture  absorbed  by  the  roots  and  restored  to  the  atmosphere  by  the  leaver:  in  ih 
processes  of  plant  metabolism.) 

In  the  island  of  Malta,  since  large  deforestation  has  occurred  to  make  room  for  cotton  cultivation,  the  rainfal 
has  been  insufficient,  sometimes  for  three  years  on  end.  In  St.  Helena,  on  the  contrary,  the  large  affore^tatnui 
have  increased  the  rainfall  to  double  the  amount  which  fell  in  the  time  of  Napoleon. 

Torrential  rains  remove  the  rawt  useful  components  of  the  soil  very  easily,  and  the  mountains  and  hi\U  ar 
soon  denuded  until  bare  rocks  remain  (in  absence  of  trees).  In  Italy  In  1870  there  were  5.200.000  hectares  of  fuf-ii 
but  In  1905  these  had  been  reduced  to  3.500,000  hectares.  In  1910  the  minister  Luzzatti  passed  a  law  in  favour  «1 
re-afforestation  and  the  creation  of  a  State  domain  of  forests.  In  Germany  there  are  17.000.000  hectares  of  forr-^tl 
of  which  4,000,000  belong  to  the  State  ;  in  Sweden,  20,000,000  ;  in  the  United  States,  200,000,000  ;  and  In  Cauad^ 
328,000,000  hectares. 
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when  one  litre  of  water  weighs  1000  grms.,  whilst  at  0°,  before  freezing,  it 
weighs  only  999* 8  grms. ;  during,  transformation  into  ice  great  dilatation  takes 
place,  and  one  litre  then  weighs  916*74  grms.  For  this  reason  ice  formed 
in  rivers  and  in  the  sea  floats  ;  if  ice  had  not  this  important  property  all  our 
lakes  would  consist  of  nothing  but  enormous  masses  of  ice,  and  the  earth 
would  perhaps  be  uninhabitable  for  man. 

If  water  is  cooled  in  strong  vessels,  completely  full  and  so  closed  that  it 
cannot  expand,  it  does  not  solidify  even  at  very  low  temperatures  (at  —24°, 
Boussingault). 

At  a  pressure  of  760  mm.  ice  always  melts  at  0°  (fundamental  temperature 
in  thermometry,  triple  point,  see  p.  115). 

Ice  partially  evaporates  even  below  0°.  It  is  a  bad  conductor  of  heat 
and  completely  adiathermic  for  dark  rays.  It  is  electrified  by  friction,  but 
does  not  conduct  electricity.  One  kilo  of  ice  at  0°  absorbs  80  Cals.  in  melting 
ami  jaelds  1  kilo  of  water  at  0°.  It  crystallises  in  the  hexagonal  system, 
a.s  can  easily  be  seen  by  examining  the  crystals  forming  snowflibkes. 

Pure  water  has  neither  smell  nor  taste,  and  is  colourless  if  seen  in  thin 
layers  ;  in  layers  of  more  than  2  metres  thickness  it  is  slightly  bluish  in 
colour,  but  varies  with  the  dissolved  or  suspended  substances.  Its  coefficient 
of  compressibility  is  very  small :  jO  000,045  per  atmosphere.  The  critical 
temperature  of  water  is  365°.  The  velocity  of  transmission  of  pressure  in 
water  is  equal  to  that  of  sound  in  the  same  medium. 

The  conductivity  for  heat  is  small,  but  greater  than  that  of  all  other  liquids 
except  mercury. 

It  has  been  noted  already  that  water  evaporates  at  all  temperatures 
(vapour  tension,  see  p.  81),  and  the  more  rapidly  the  higher  the  temperature, 
the  drier  the  air,  and  the  less  the  pressure.  In  closed  vessels  a  constant 
quantity  evaporates  at  each  temperature,  and  the  vapour  is  thus  at  a  definite 
pressure  which  increases  and  diminishes  with  the  temperature.  At  100° 
the  vapour  pressure  of  water  is  760  mm.,  that  is,  it  is  equal  to  the  normal 
atmospheric  pressure,  and  therefore  water  boils  at  100°  ;  even  at  low  tem- 
peratures water  has  a  definite  vapour  pressure.^  The  temperature  of  ebullition 
Df  water  alters  with  the  pressure  ;  in  a  vacuum  of  90  mm.  water  boils  at 
ibout  50°.  When  water  evaporates  without  application  of  heat  it  abstracts 
the  necessary  heat  from  its  surroundings.  To  maintain  water  as  such,  even 
ibove  100°,  a  pressure  is  required  which  alters  with  the  temperature  ;  the 
jorresponding  densities  of  the  steam  and  its  heats  of  condensation  also 
ncrease  at  the  same  time.^ 


»       VAPOUR  PRESSURE  OF  WATER 

,  ACCORDING  TO  REGNAULT,  IN  MM.  OF  MERCURY 
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These  teraperatttrc8  also  show  the  boiling-point  of  water  at  the  corresponding  pressaree. 

*  At  1   atmosphere  1  kilo  of  steam,  in  condensing  to  water  at  0*",  gives  off  636  Cals.,  and  at  16  atmospheres 
ro  Cals.    When  the  pressure  of  the  steam  falls  from  12  atmospheres  to  0'12  atmosphere  the  volume  Increases 

3600  X  75 
M>m  1  to  100,  but  the  steam  does  not  lose  much  heat.   The  thermal  equivalent. of  a  horse-power  is  — rrg —  == 

IW  Oali.>  and  since  steam  enters  a  steam-engine  with  about  660  Cals.,  the  theoretical  output  of  a  steam* 
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On  evaporation  water  acquires  a  volume  1696  times  greater  than  before. 
The  ebullition  of  water  is  more  regular  the  greater  the  quantity  of  dissolved 
air  which  it  contains  ;  it  proceeds  more  regularly  in  metal  vessels  ;  in  glass 
vessels  with  smooth  walls  water  boils  at  about  101'',  and  even  greater  super- 
heating easily  occurs,  producing  irregular  ebullition  (bumping).  This  suj)er- 
heating  can  be  avoided  by  placing  a  few  fragments  of  glass  or  metal  in  the  vessel. 

On  pouring  water  into  vessels  heated  to  more  than  200°  a  thin  layer  of 
steam  is  formed,  which  is  a  bad  conductor  of  heat,  and  insulates  the  water 
from  the  sides  of  the  vessel,  causing  it  to  acquire  the  so-called  spheroidal 
stale;  on  cooling  the  sides  of  the  vessel  below  171°  the  water  comes  in  contact 
with  them  and  is  suddenly  transformed  into  very  large  quantities  of  steam, 
which  may  cause  the  violent  bursting  of  the  vessel  if  this  is  closed  ;  in  this 
way  the  bursting  of  boilers  which  are  badly  supervised  or  are  lined  with  heavy 
incrustations  is  explained. 

In  order  to  transform  1  grra.  of  water  at  0°  into  steam  at  100°  636  cals.  are 
required  ;  to  transform  1  grm.  of  water  at  100°  into  steam  at  100°  536  cals. 
are  required,  and  this  is  called  the  heai  of  evaporation.^ 

engine  would  be  about  1  h.p.-hour  per  kilo  of  vapour.  In  practice  there  are  cases  where  6  or  even  16  kilo^  of 
steam  arc  required  per  h.p.-hour,  so  that  the  output  is  only  167  per  cent.,  or  even  6  per  cent,  of  that  to  b*^ 
theoretically  expected,  but  it  must  be  remembered  that  part  of  these  calories  are  furnished  by  the  condensation 
of  the  steam  to  water,  so  that,  for  example,  when  the  6  kilos  of  steam  at  10  atmospheres  escape  from  the  motor 
at  1  atmosphere  they  have  only  given  up  35  Cals.  and  are  therefore  not  able  to  produce  the  horse-power  whuii 
requires  600  Cals..  for  this  would  require  that  part  of  the  6  kilos  of  steam  .nhould  be  condensed  to  water  (as  tiny 
ordinarily  are  I — TraruUitor). 
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^  The  heat  of  evaporation  of  a  liquid  comprises  the  work  necessary  to  overcome  the  cohesion  or  mutual  attrac- 
tion of  the  molecules  (internal  work)  and  that  necessary  to  overcome  the  external  pressure  (external  work).  Th« 
Internal  work  is  always  much  greater  than  the  external  work  ;  thu.«<.  for  water  we  have  the  following  values  \ib«n 
it  is  evaporated  at  various  temperatures.    We  also  add  the  heat  of  evaporation  of  some  other  substances. 


1 

Heat  of 

Heat 

Heat 

Heat  of 

Heat 

Heat 

evap. 

of  ext. 
work 

of  int. 
work 

evap. 

of  ext. 
work 

of  int. 
work 

cals. 

cals. 

cals. 

cals. 

cals. 

caU. 

Water  at     0° 

607 

311 

575-9 

Carbon  tetrachloride  at  0° 

52 

3-4 

4^-6 

„      „    50°       , 

571-6 

35-5 

536- 1 

disulphide  at  0°  . 

90 

7*2 

82S 

„     ..  ioo« 

636-2 

40-2 

496 

Liq.  sulphur  dioxide 

94-5 

— 

— 

„       M  ISO* 

500-8 

441 

456-7 

„    ammonia 

315 

— 

— 

Ether  at  0°  . 

94 

7-5 

86-5 

..    air          ... 

125 

—~ 

— 

Alcohol  at  0^ 

236-5 

131 

223-4 

Methyl  ether 

130 

— 

— 

Acetone 

140-5 

8-7 

131-8 

Carbon  dioxide 

84 

— 

— 

Chloroform  at  0* 

67 

4-5 

62-5 

CHEMICAL   PROPERTIES    OF   WATER       297 

Water  dissolves  some  salts  with  absorption  of  heat,  but  with  others 
(anhydrides),  and  with  some  acids,  oxides,  &c.,  heat  is  evolved  on  solution. 
The  solubility  of  salts  increases  in  general  on  heating,  and  is  constant  at  any 
given  temperature,  so  that  the  density  of  saturated  solutions  at  varying 
temperatures  also-  varies.  The  freezing-point  of  saline  solutions  is  lower 
than  0°,  and  the  more  sp  the  more  salt  is  dissolved.  For  each  molecule  of 
anhydrous  salt  dissolved  in  300  mols.  of  water,  the  freezing-point  is  lowered  by 
0-685^  (Raoult,  1883). 

The  ice  which  separates  from  salt  solutions  is  almost  pure  and  only  contains 
traces  of  salt  which  are  mechanically  enclosed.  Therefore  on  freezing  sea 
water  the  ice  which  separates  only  contains  1*58  grms.  of  chlorine  per  kilo, 
that  is,  about  a  twentieth  of  the  original  quantity.  In  this  way  aqueous 
saline  solutions  can  be  concentrated,  by  separating  the  ice  as  it  is  formed. 
In  the  Middle  Ages  already  the  light  wines  of  bad  years  were  concentrated  by 
freezing. 

The  boihng-points  of  aqueous  saline  solutions  are  higher  than  100°  and 
increase  with  the  concentration.  The  saturated  solutions  have  the  highest 
boiling-points.^ 

A  thermometer  immersed  in  the  vapours  of  a  boiling  saline  solution  always 
indicates  100°,  although  the  vapours  in  the  vicinity  of  the  liquid  may  be 
hotter,  and  this  occurs  because  pure  water  condenses  on  the  bulb  of  the  thermo- 
meter and  boils  at  100°.  If  the  thermometer  were  previously  heated  to 
above  100°  it  would  then  indicate  the  true  temperatue  of  the  vapour.^ 

The  vapour  tension  of  saline  solutions  is  lower  than  that  of  pure  water 
and  inversely  proportional  to  the  concentration. 

The  density  of  aqueous  solutions  of  gases  (e.g.  NH3  and  HCl)  may  be 
greater  or  smaller  than  that  of  pure  water.  On  freezing  such  solutions  the 
gas  evaporates  completely  (when  it  does  not  form  solid  compounds,  such  as 
chlorine  hydrate). 

CHEMICAL  PROPERTIES.  The  chemical  composition  of  water  was  first  discovered 
by  Cavendish  in  1781  by  bm'ning  hydrogen  in  oxygen.  But  the  certain  demonstration 
of  its  quantitative  composition  was  first  given  by  Lavoisier  in  1783  ;  he  succeeded  in 
decomposing  water  by  passing  its  vapour  through  a  tube  containing  red-hot  iron,  which 
combined  with  the  oxygen  of  the  water,  setting  free  the  hydrogen,  which  was  collected  in 
a  measured  bell -jar.     Until  1750  water  was  held  to  be  a  simple  substance. 

By  burning  hydrogen  tmder  a  bell -jar  filled  with  air  the  formation  of  water,  which  con- 
den  ~(s  on  the  walls,  can  be  immediately  observed,  and  the  water  can  easily  be  collected. 
The  heat  of  formation  of  liquid  water  from  the  elements  Hj  -H  O  is  286-2  Kj.  {68,400  cals.), 
or  58,800  cals.  for  water  in  the  form  of  vapour. 

In  order  to  demonstrate  the  chemical  composition  of  water  it  is  made  feebly  acid  and 
decomposed  in  a  voltameter  with  two  limbs  ;  two  volumes  of  hydrogen  collect  at  the 
negative  pole  and  one  volume  of  oxygen  at  the  positive  pole. 

It  can  also  be  shown  that  two  volumes  of  hydrogen  and  one  of  oxygen  combine  to 
form  two  volumes  of  steam  by  introducing  the  mixture  into  a  eudiometer  surrounded  by 
a  mantle  in  which  the  vapour  of  a  substance  which  boils  above  100°  circulates  {e.g.  amyl 
alcohol,  which  boils  at  132°).  On  passing  an  electric  spark  through  the  three  volumes  of 
gas  (2H,  +  O,  =  three  volumes)  two  volumes  of  steam  are  formed. 

>  By  adding  the  following  quantities  of  salts  to  100  parts  of  water  the  following  boiling-points  are  obtained  : 


Boiling-point 

lor 

102« 

103** 

104" 

105* 

106" 

110" 

115" 

120" 

130" 

160» 

Calcium  chloride 
Sodium        „ 
„       nitrate 

100 
7-7 
9-3 

16-5 
13-4 
18-7 

21-6 
18-3 
28-2 

25-8 
231 
37-9 

29*4 

27-7 
47-7 

32-6 
31-8 
670 

44-0 
98*9 

58-6 
153-7 

73-6 
212-6 

104*6 

212 

*  Trandatof*»  ruae. — It  is  generally  rccognisod  that  the  true  temperature  of  the  vapour  In  these  cases  is  100". 
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The  exact  gravimetric  control  of  the  chemical  composition  of  water  was  first  undertaken 
by  Berzelius  and  Dulong  in  1820,  by  passing  hydrogen  over  a  given  weight  of  red-hot 
copper  oxide  and  thep  weighing  both  the  resulting  water  and  the  partially  reduced  copper 
oxide ;  the  results  obtained  did  not  agree  very  well  on  account  of  imperfections  in  the 
apparatus.  In  1843  Dumas,  in  co-operation  with  Stas,  started  a  series  of  very  careful 
experiments,  taking  all  possible  precautions  to  arrive  at  exact  results,  employing  large 
quantities  of  dry  hydrogen  and  weighing  much  water,  in  order  to  reduce  the  errors  to  a 
minimum  ;  the  weights  were  corrected  to  vacuum,  &c.  The  quantities  of  hydrogen 
forming  the  water  were  deduced  indirectly  by  subtracting  the  weight  of  oxygen,  found  from 
the  reduction  in  weight  of  the  copper  oxide,  from  the  weight  of  water  formed.  From 
nineteen  analyses  Dumas  obtained  as  a  mean  result  the  percentage  composition  11*23  per 
cent,  of  H,  and  88-77  per  cent,  of  O,  which  is  very  near  to  the  theoretical  composition  as 
calculated  from  the  formula.^ 

Many  salts  contain  considerable  quantities  of  water  of  crystallisation^  which  is  liberated 
on  heating,  e.^^.,  the  alums  with  12  mols.  of  water  and  sodium  carbonate,  which  crystaUises 
with  10  mols.  of  water  (Na,CO,  +  10H,0),  &c. 

Dal  ton  in  1840,  and  Joule  and  Playfair  at  a  later  date,  found  that  when  many  of  these 
salts  are  melted  they  occupy  precisely  the  volume  which  the  water  of  crystallisation  alone 
would  occupy  in  the  form  of  ice  ;  this  applies  to  sodium  carbonate  among  other  salts  ; 
in  the  case  of  other  salts,  however,  the  volume  which  they  occupy  when  melted  is  equal 
to  the  sum  of  the  volumes  of  the  anhydrous  salt  and  of  the  water  which  they  contain,  in 
the  state  of  ice. 

Some  salts,  t,g.  crystallised  calcium  chloride,  dissolve  in  water  with  absorption  of  heat ; 
others,  on  the  contrary,  such  as  the  same  calcium  chloride  when  fused  (and  free  from 
water),  dissolve  in  water  with  heat  evolution,  as  they  combine  with  a  certain  number  of 
water  molecules  during  solution. 

Finally,  in  discussing  the  chemical  properties  of  water  we  must  refer  to  its  great  import- 
ance as  a  factor  in  almost  all  chemical  reactions,  either  as  solvent,  as  a  cause  of  electrolytic 
dissociation  on  which  the  possibility  of  so  niany  chemical  reactions  depends,  or  as  a  cata- 
lytic substance  in  numerous  reactions  which  do  not  take  place  except  in  presence  of  traces 
of  moisture  as  has  been  shown  by  Baker  (1894-1900)  by  the  most  various  examples. 

SURFACE  (DRAINAGE)  WATER.  This  is  abundant  in  some  localities.  When 
the  water  of  the  subsoil  is  unable  to  descend  into  lower  strata  it  stagnates  in  the  ground 
and  may  even  rise  to  the  surface  or  above  it.  By  a  suitable  system  of  pipes  (drainage) 
it  can  be  caused  to  flow  into  channels  with  advantage  to  the  groimd.  This  water  is  ordinarily 
polluted  by  all  the  organic  matter  and  manure  which  is  present  on  the  land.  From  the 
analysis  of  such  water  the  amount  of  fertilising  materials  which  it  is  removing  may  be 
deduced. 

RIVER  WATER.  Water  derived  from  melting  snow  and  ice  contains  about  50  mgrms. 
of  dry  solids  per  litre,  which  ordinarily  consist  of  NajCO,,  KsCO,,  and  organic  substances 
which  sometimes  colour  the  water  in  various  tints.  River  water  contains  less  bicarbonate 
than  that  of  springs  because  whilst  flowing  in  contact  with  air  it  liberates  COj  from  the 
bicarbonates  and  deposits  carbonates  of  Ca,  Mg,  and  Fe,  whilst  spring  water  holds  these 
salts  in  solution  in  the  form  of  bicarbonates.  Thus  the  water  of  rivers  contains  less  mineral 
matter  in  solution  in  the  lower  reaches  than  near  the  source.  It  is  then  also  poorer  in  organic 
substances  as  these  are  oxidised  or  gradually  reduced  through  the  agency  of  bacteria,  except 
in  cases  where  the  original  composition  of  the  water  is  altered  by  the  influx  of  tributaries  or 
the  drainage  of  towns. 

The  temperature  of  river  water  varies  greatly  at  various  seasons  and  according  to  the 
quantity  of  the  water.  With  increase  of  temperature  and  slackening  of  the  current 
(through  the  effect  of  dams)  the  amount  of  dissolved  organic  matter  is  increased,  as  the 
foam  and  rubbish  more  easily  undergo  putrefaction.  Biver  water  always  contains  the 
gases  O,  N,  and  COs. 

LAKE  WATER.  .This  is  sweet  when  the  lake  continuously  receives  water  and  there 
is  a  continuous  outflow  ;  and  salt  when  an  outflow  is  lacking.  Sometimes  freshwater  lakes 
have  a  composition  the  same  as  that  of  the  inflowing  rivers.  Lakes  are  regular  reservoirs 
which  are  of  the  greatest  value  in  dry  seasons. 

^  TrantiatOTS  noU. — It  is  generally  understood  that  the  ratios  of  the  atomic  weights  of  these  two  elements 
are  calculated  from  experimental  results  on  the  composition  of  water,  and  therefore  the  latter  cannot  be 
checked  by  the  formula. 
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SALT  LAKES  are  closed  basins  into  which  saline  springs  flow  ;  or  they  have  a  bottom 
formed  of  salt  or  are  remnants  of  seas  which  have  at  some  time  been  separated  by  a  rise  of 
the  land  level,  such  as  the  Caspian  and  Dead  Seas,  Lake  Aral,  &c. 

The  composition  of  their  waters  varies  greatly  ;  thus  those  of  the  Caspian  Sea  and  of 
Lake  Aral  contain  considerable  quantities  of  MgS04  and  CaS04  and  only  small  quantities  of 
MgCJ] ;  on  the  whole  they  are  not  very  salt.  The  two  small  lakes  which  communicate 
with  the  Caspian  Sea,  Lakes  Trinetzky  and  Rosso,  have  a  different  composition  and  are  much 
more  concentrated,  because  there  are  rapid  evaporation  and  a  considerable  inflow,  without 
any  outflow  ;  therefore  they  contain  scarcely  any  calcium  sulphate  because  they  are  rich 
in  other  saltfi  which  throw  the  calcium  sulphate  out  of  solution,  and  contain,  on  the  other 
hand,  a  much  larger  amount  of  MgClj,  which  is  very  soluble. 

The  lake  with  the  most  concentrated  water  is  the  Dead  Sea  (sp.  gr.  1*194  to  1-212),  the 
water  of  which  contains  neither  Sr,  Mn,  iodides  or  nitrates,  but  is  a  concentrated  solution  of 
Nad,  MgCl,,  and  CaCl^ ;  it  contains  22*7  per  cent,  of  salts  in  all,  which  in  turn  are  composed 
of  28  per  cent.  NaCl,  47  per  cent.  MgCl,,  16*8  per  cent.  CaClj.  The  Pacific  Ocean  contains  3-4 
per  cent,  of  salt  only.  Li  some  lakes  in  Egypt  and  the  Ararat  district  there  is  also  Na2C03, 
Xa2S04,  and  K^ CO3.     Some  volcanic  lakes  contain  free  sulphuric  acid,  HCl,  and  boric  acid.^ 

SEA  WATER.  This  contains  large  quantities  of  NaCl,  MgS04,  MgClj,  and  CaS04 ; 
it  has  therefore  a  salty  bitter  taste.  It  contains  traces  only  of  potassium  salts,  CaCO^, 
MgCOj,  phosphates,  F,  Ba,  Sr,  Mn,  As,  Cu,  Pb,  Ag,  Li,  S,  and  also  minimal  traces  of  all 
substances  which  form  the  earth's  crust.  It  contains  n^iore  bromine  than  iodine  (there  is 
0*01  grm.  of  Nal  per  litre).  The  numbers  of  bacteria  in  sea  water  ordinarily  diminish 
at  greater  depths,  and  in  certain  localities  are  almost  absent  at  greater  depths  than  200 
metres,  whilst  in  other  places  they  are  found  even  at  depths  of  thousands  of  metres. 

On  the  average  sea  water  contains  3  to  4  per  cent,  of  salts,  or  less  where  there  are  large 
affluents  as  in  the  Baltic,  the  water  of  which  contains  0'7  to  2  per  cent,  of  salts  only.  It  is 
less  salt  near  the  shores,  and  more  salty,  on  the  other  hand,  at  great  depths.^ 

The  water  of  the  Mediterraneaa  is  more  concentrated  than  that  of  the  Atlantic  Ocean 
because  few  rivers  flow  into  it  and  evaporation  by  the  hot  winds  which  blow  across  from 
Africa  is  very  strong.  Ths  Red  Sea  is  still  more  concentrated,  owing  to  the  absence  of 
feeders  {see  preceding  Note).  Sea  water  has  a  total  hardness  of  750°  to  1000°  (French 
degrees)  and  a  temporary  hardness  (French)  of  44°  to  70°  (see  Hardness  below) ;  we 
need  not  dificuss  the  hardness  of  the  Dead  Sea,  as  it  is  of  very  little  importance. 

Sea  water  has  a  strong  corrosive  action  on  metals,  which  is  best  resisted  by  copper  of 
all  the  common  metals,  especially  if  it  contains  five  parts  per  thousand  of  arsenic.  The 
resistance  of  iron  is  increased  if  it  contains  phosphorus  or  nickel  and  still  better  if  it  is 
coated  with  zinc  ("galvanised  "). 

PROVISION  OF  POTABLE  WATER  FOR  COMMUNITIES 

The  nations  of  antiquity  had  only  water  from  springs  or  from  cisterns  in  which  rain 
water  was  collected  ;  dug-out  wells,  constructed  of  masonry,  were  first  devised  by  the 
Egyptians  and  then  perfected  by  the  Jews,  who  exercised  much  care  in  their  construction. 
The  Greeks,  who  had  only  used  cisterns  and  springs,  imported  the  use  of  wells  from  the 
East.  The  Romans  at  first  used  tanks  and  the  bad  water  of  the  Tiber ;  but  as  their 
pfjwer  progressed  the  necessity  arose  of  satisfying  more  efficiently  the  growing  needs  of  the 
community,  and  the  supply  of  water  was  recognised  as  a  question  of  State  ;  covered  aque- 
ducts of  stone  were  then  constructed  which  carried  the  water  from  distances  as  far  as 
thirty  hours'  journey.* 

^  According  to  the  recent,  analyses  of  Stutxer  and  Reich  (1907)  the  water  of  the  Dead  Sea  has  the  following 
fompcwitlon :  »p.  gr.  11546  at  IT'S"  ;  1357  grms,  per  litre  of  KCl ;  87*88  of  NaCl ;  2384  of  CaCl, ;  80-91  of 
UgCi, ;  3*68  of  MgBrt ;   1'41  of  GaSO« ;  and  a  trace  of  iron.   The  total  solids  amounted  to  220*2  grms.  per  litre. 

*  Kecent  analyses  (1900)  showed  the  following  composition  per  litre :  I.  is  from  the  Mediterranean  near  Tunis ; 
II.  from  the  Atlantic  near  Dieppe ;  and  III.  from  the  lied  8ca. 


Acids : 

Bases: 

Density 

CaCO, 

H,S04 

a 

Br 

CaO 

MgO 

Na,0 

K,0 

Total 

I. 

10287 

0126 

2-516 

21-676 

0072 

0-617 

2-365 

16*584 

0-510 

38-97 

11. 

10239 

0*099 

2120 

17-830 

0-060 

0-519 

1-993 

13-410 

0-413 

32*42 

III. 

10270  at  10" 

— 

2100 

20-900 

— 

0*680 

2000 

16000 

— . 

36*70 

Of  the  fourteen  aqueducts  constructed  by  the  Komans  the  following  are  the  most  important : 

Appla  (312  B.C.),  66|  kiloms.  long,  carrying    65,000  cu.  metres  of  spring  water  daily. 

AnicQte  Vetera  (272    „  ),  64  „  „       268,000  „         river  „ 

liarcU  (143    „  ),  91|  „  ,.       101,000  „         spring  „ 

I  14 
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In  other  countries,  such  as  Germany,  France,  and  England,  the  use  of  spring  water, 
which  is  abundant  in  those  countries,  was  simply  continued  for  some  time ;  but  other 
nations  followed  the  example  of  Rome  and  constructed  conduits  of  good  water,  recognising 
the  disadvantages  of  tanks  and  wells,  which  became  polluted  and  foul.  But  gradually, 
as  the  communities  collected  into  large  centres  and  in  towns  closed  in  by  walls  and  forti- 
fications, subdivided  by  narrow  streets,  wells  were  excavated  for  drinking  water  in  the 
narrow  yard  of  each  house,  in  the  vicinity  of  stables,  latrines,  and  refuse  heaps.  Things 
remained  in  this  condition  until  our  times.  Now  only  the  utility  of  pure-water  mains 
and  of  aqueducts  is  being  realised.''  In  many  towns,  and  especially  in  the  country,  sad  to 
say,  there  is  still  no  potable  water,  in  spite  of  the  fact  that  it  has  been  shown  that  many 
infectious  diseases  are  caused  by  bad  water  and  claim  many  victims  every  year  in  the  towns, 
and  especially  in  the  country.  {Translator's  note. — These  remarks  must  be  taken  to  apply 
more  especially  to  Italian  conditions. ) 

The  Chinese  of  antiquity  already  recognised  the  hygienic  importance  of  pure  and  abun- 
dant water,  and  at  the  commencement  of  their  civilisation  they  already  knew  how  to  bore 
into  the  ground  and  obtain  good  water  from  the  subsoil,  and  possessed  such  wells,  now  called 
artesian  wells  in  Europe,  by  thousands.  To-day  in  the  province  of  U-thung-khiao  alone, 
in  an  area  of  1000  sq.  kiloms.  there  are  over  10,000  of  these  wells,  and  some  of  them 
are  900  metres  deep  with  a  diameter  of  10  to  15  cms.  These  wells  were  known  to  the 
Egyptians,  but  at  a  much  later  date,  and  the  first  artesian  wells  in  Europe  were  oonstructed 
in  the  county  of  Artois  as  late  as  about  1000  a.d.,  being  named  after  the  locality.  Xn  1600 
to  1700  artesian  wells  were  also  introduced  into  Italy,  Germany,  and  England,  and  since 
those  times  their  number  has  continually  increased  up  to  the  present. 

TANKS.  These  serve  to  collect  rain  water  in  coimtries  where  springs  are  rare,  especially 
in  hot  countries.  They  are  excavated  in  the  ground  or  rock,  so  that  the  water  may  remain 
fresh,  and  are  lined  with  masonry  or  cement.  But  rain  water  finally  undergoes  putre- 
faction, on  account  of  the  impurities  collected  and  carried  down  from  the  atmosphere, 
and  should  be  filtered  before  use.  The  tanks  of  Venice  have  a  layer  of  sand  at  the  bottom, 
which  serves  as  a  filter.  There  are  large  and  fine  tanks  at  Constantinople,  Aleesandria, 
&c.  There  were  1430  public  tanks  in  Italy  in  1903,  of  which  only  398  gave  potable 
water. 

WELLS.  Ordinary  wells  are  excavated  down  to  the  first  water-level  of  the  subsoil, 
the  so-called  freatic  water,  and  their  sides  are  clad  with  masonry.  These  are  old-fashioned 
wells,  open  above  and  ready  to  receive  any  impurity  whatever  ;  the  water  is  almost 
always  polluted  and  is  withdrawn  in  more  or  less  dirty  buckets  mounted  on  a  cord  passing 
over  a  pulley  ;  whenever  rain  is  abimdant  they  become  turbid  and  to  them  typhoid  infection 
is  very  largely  due.  In  1903  7000  of  these  existed  in  Italy  for  public  use,  distributed  in 
2700  communes.  Instead  of  excavating  wide  and  deep  wells  in  masonry  one  may  excavate 
a  shallower  well  and  then  drive  in  at  the  centre  an  iron  tube  of  a  few  centimetres  diameter 
in  order  to  arrive  at  a  level  where  the  subsoil  water  is  deeper  and  purer.  The  lower  end 
of  the  tube  is  perforated  and  protected  by  a  grating  which  keeps  out  sand.  A  narrower 
tube  dips  into  the  first  tube  and  is  connected  with  a  pump  by  which  the  water  is  drawn 
up-  These  wells  are  called  American  or  NortoUkWells,  from  the  name  of  the  English  engineer 
who  first  c(mstruoted  them. 

If  iron  tubes  are  sunk,  by  means  of  drilling,  to  greater  depths,  deposits  of  water  are 
sometimes  struck  in  the  subsoil  contained  between  two  impermeable  strata  and  coming 
from  higher  region?.  When  the  upper  impermeable  layer  is  perforated  the  water  often 
issues  under  pressure  and  may  rise  to  the  surface  in  the  form  of  a  fountain.  If  it  does  not 
rise  to  the  surface  it  is  pumped  into  reservoirs,  from  where  it  is  distributed  to  the  fountains 
and  dwelling-houses.  These  wells  are  called  artesian  wells  (see  above).  The  artesian 
well  of  Crenelle  at  Paris  is  647  metres  deep,  took  seven  years  to  drill  ( 1833-1840),  and  supplies 
three  million  litres  of  pure  water  daily  at  a  temperature  of  37-7°.  On  the  Place  Hubert 
in  Pixris  there  is  an  artesian  well,  finished  in  1888,  719  metres  deep,  which  supplies  water 

Qiulla,  Vcrgine.  Alsietina,  carrying  together  13&,000  cu.  metres  of  spring  water  daily. 
Claudia  (a.d.  52),  69    kiloms.  long,  carrying  101,000  cu.  metres  of  spring  water  daily. 

Of  the  ancient  Roman  aqueduct.^  only  four  remain  to-day  (Marcia,Vergine,  Fdice,  and  Paola),  which  fUrDlsh  a 
good  third  of  the  supply  of  potable  water  of  modern  Borne.  At  the  time  of  Julius  C^sar  there  were  in  Rome  no 
fewer  than  970  public  baths,  which  consumed  700,000  cu.  metres  of  water  daily.  The  thermal  sprfikga  of  Diocle- 
tian and  of  Garacalla  were  world-famous,  and  their  vestiges  remain  to-day.  All  over  Germany,  France,  and  Spain 
there  arc  ruins  of  large  aqueducts  and  celebrated  thermal  wells  oonstructed  by  the  ancient  Bomana, 
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at  34*5°,  has  a  mouth  one  metre  wide,  required  twenty-two  years  to  sinl^  and  cost  £100,000. 
The  well  at  Mondorf,  in  Luxembourg,  is  730  metres  deep.  At  St.  Louis,  U.S.A.,  there  was 
a  very  deep  well  which  yielded  rather  sulphurous  water,  and  it  was  decided  to  deepen  it 
in  the  hope  of  obtaining  a  purer  supply ;  when  a  depth  of  1200  metres  was  reached  the 
granitic  rock  of  the  primitive  formation  was  met  with,  and  it  was  thus  found  impossible 
to  obtain  water  from  the  deeper  well  of  other  character  than  before.  The  water  of  artesian 
wells  is  characterised  by  the  absence  of  nitrates,  and  by  only  containing  traces  of  sulphates 
and  of  organic  matter  ;  on  the  other  hand,  it  contains  much  sodium  as  carbonate  and  chloride 
and  does  not  contain  oxygen  if  it  has  not  been  in  contact  with  the  atmosphere,  because  this 
is  absorbed  by  the  ferrous  and  manganous  compounds  and  organic  substances  of  the  strata 
through  which  it  passes. 

The  deeper  the  well  the  hotter  the  water  ;  below  the  first  30  metres  the  temperature 
increases  by  about  one  degree  for  every  20  to  30  metres  of  depth.  However  tanks  and 
ordinary  excavated  wells  only  satisfy  modem  hygienic  requirements  very  exceptionally, 
whilst  artesian  wells  (drilled)  often  provide  potable  water.  The  firm  of  Piana  of  Badia 
Palesine  alone  constructed  5233  artesian  wells  up  to  1901. 

POTABLE  WATER.  DRINKING  WATER.  This  is  water  which 
passes  all  requirements  necessary  for  human  consumption.  These  require- 
ments are  enumerated  below.  For  twenty-five  years  medical  men  have 
debated  the  question  whether  impure  water  is  an  important  factor  in  spreading 
infectious  diseases,  such  as  cholera,  typhus,  dysentery,  &c. 

The  greater  part  of  the  German  and  EngUsh  doctors  reply  in  the  affirma- 
tive, and  of  late  years  a  large  part  of  the  doctors  of  all  nations  have  come 
to  share  this  opinion.^ 

It  is  difficult  to  detect  these  specific  bacteria,  as  it  is  not  easy  to  distinguish 
them  from  the  innumerable  perfectly  harmless  species  ;  it  has  therefore  been 
found  safer  to  determine  the  amounts  of  impurities  derived  from  the  decom- 
position of  animal  residues  by  the  action  of  bacteria  which  are  the  true  carriers 
of  infectious  diseases. 

Potable  water  should  be  colourless,  odourless,  limpid,  not  too  cold  in 
winter  nor  too  hot  in  summer,  of  a  temperature  of  10"^  to  14°.  It  should  be 
carried  in  iron  and  not  in  leaden  pipes. 

All  town  and  village  well-water  contains,  in  lai^er  or  smaller  quantity, 
the  waste  products  of  the  animal  organism.  During  infiltration  through  the 
soil  these  are  transformed  into  numerous  compoimds  which  have  not  yet  been 
well  studied,  and  after  a  certain  time  are  mainly  transformed  into  nitrates. 
In  the  soil  in  contact  with  air,  these  products  mainly  produce  carbon 
dioxide,  ammonia,  nitrites,  nitrates,  and  chlorides.  The  phosphates,  potassium 
salts,  organic  nitrogen  compounds  and  ammonia  are  retained  by  the  soil, 
whilst  the  chlorides,  sulphates,  and  nitrates  find  their  way  into  the  wells 
or  springs.  When,  however,  the  soil  is  no  longer  absorbent  or  is  saturated, 
or  only  slightly  aerated,  ammonia  and  the  decomposition  products  of  the 
nitrogenous  organic  matter  also  find  their  way  into  the  water.  Thus  not 
more  than  a  minimal  amount  of  chlorides  and  nitrates  should  be  present 
in  potable  water ;  there  should  be  no  nitrites,  much  less  ammonia,  and 
exceedingly  little  organic  matter  {see  below.  Water  Analysis). 

^  The  mortality  through  typhus  in  Milan  in  18S0  wm  10  per  10,000  lnhabitant4s ;  gradually,  as  drainage  and 
good  water  were  introduced,  the  mortality  from  typhus  diminished,  and  in  the  quinquennium  1901-1905  the 
avenge  mortality  from  this  cause  was  3  per  10,000,  that  is,  180  deaths  per  annum,  whilst  if  the  conditions 
Ind  been  as  in  1880  the  number  of  deaths  would  have  been  600.  At  Frankfort  the  mean  annual  mortality 
from  typhoid  from  1854  to  1875  was  6'2  per  10,000  inhabitants,  wliilst  from  1876  to  1879— that  i£,  after 
the  introduction  of  a  drainage  system  and  drinlcing- water  supply — it  decreased  to  2  per  10,000.  In  Hamburg 
tlic  mean  total  mortality  from  1845  to  1855  was  500  per  10,000  inhabitants,  whilst  after  the  drainage  works,  drink- 
ing-water supply,  combustion  of  town  rubbish,  and  sewage  works  were  completed,  the  total  mortality  decreased 
to  220  per  10,000  per  annum;  that  is  to  say,  whilst  Hamburg  has  13,000  deaths  per  year,  the  number  would 
have  risen  to  30,000  under  the  hygienic  conditions  of  the  past.  In  the  United  States  there  arc  400,000  typhus 
cases  per  annum  with  35,000  deaths,  that  is,  J2  per  cent. ;  whilst  in  Norway,  Sweden,  Germany,  and  Switzerland 
the  p^centage  of  tj-phus  deaths  is  only  6  to  8  per  cent.  Very  many  honest  people  make  a  great  humanitarian  fuss 
about  the  horrors  of  war  and  do  not  trouble  about  the  terrible  war  by  which  the  nations  suffer  each  year  through 
insuffldtDt  attention  to  drinking-water  supply  and  drainage. 
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The  economic  requirements  of  the  modem  State  compel  thought  for  tli.e 
supply  of  good  and  abundant  water  to  the  population.  At  the  IntemationEml 
Congress  of  Brussels  in  1896  there  was  indicated  as  a  minimal  limit  for  towi^s 
of  moderate  importance  the  supply  of  150  litres  of  potable  water  for  eacli 
inhabitant  per  twenty-four  hours.  In  Germany  the  mean  supply  is  150  litres, 
in  England  200  litres,  in  France  250  litres,  and  in  America  500  litres.  In 
Milan  the  mean  consumption  per  inhabitant  has  increased  rapidly  of  late 
years  and  has  now  risen  to  250  litres. 

The  water  of  common  wells  is  not  ordinarily  potable  because  it  is  ver\' 
easily  polluted,  and  therefore  the  supply  of  good  water  to  the  people  to-day 
constitutes  one  of  the  most  important  problems  of  social  economy,  the  solution 
of  which  should  not  be  left  in  the  power  of  private  citizens,  more  or  less 
ignorant,  or  in  that  of  speculators,  more  or  less  dishonest,  but  should  be 
attended  to  by  the  collective  social  community. 

The  distribution  of  .water  should  not  take  place  through  leaden  pipes 
for  reasons  which  will  be  explained  below,  but  through  pipes  of  cement  or, 
better  still,  of  cast  or  wrought  iron. 

Abundant  water  for  the  people  and  not  only  for  those  in  the  towns  but 
also  for  the  countryside  may  be  obtained  in  the  following  ways  : 

FROM  RIVERS  AND  LAKES.  When  these  are  clean  their  water  may  sometimes 
serve  for  the  supply  of  towns,  but  should  always  be  filtered,  as  it  contains  many  substances 
in  suspension :  day,  lime,  eggs  of  insects  and  of  worms,  animal  and  vegetable  remains, 
fibres,  hair,  &c.  {see  below,  Filtration). 

It  is  not  desirable  to  leave  this  filtration  to  the  consumers,  as  it  will  then  be  less  careful 
and  more  oostly  ;  the  filtration  shoidd  be  carried  out  at  the  central  distributing  station. 
Bacteria  are  only  partially  removed  by  filtration.  The  water  of  rivers  is  often  too  cold 
in  winter  and  too  warm  in  summer.  Works  for  obtaining  potable  water  from  rivers  are 
established  at  Lyons,  Zurich,  Trieste,  &c.,  where  it  is  purified  by  filtration. 

WATER  FROM  THE  SUBSOIL.  Water  from  the  first  water  horizon,  which  is 
often  found  a  few  metres  below  the  surface,  can  sometimes  be  used  if  taken  from  localities 
far  from  inhabited  places.  It  does  not  matter  if  there  are  cultivated  fields  above,  as  the 
harmful  substances  and  the  greater  portion  of  those  which  are  soluble  are  retained  by  the 
soil,  if  the  water  horizon  is  sufficiently  deep. 

The  water  may  be  pure  and  its  temperature  more  constant  than  that  from  a  river.  It  i^ 
collected  in  channels  and  then  in  wells,  from  which  it  is  raised  by  pumping  to  highreservoir*. 
from  which  it  is  distributed  to  the  inhabitants. 

The  water  of  the  subsoil  which  fiows  between  two  layers  of  impermeable  clay  is  usually 
much  purer  and  proceeds  from  higher  levels.  This  water  is  raised  by  artesian  wells  (se^ 
above)  and  costs  relatively  little :  from  0'2d.  to  0'5d.  per  cubic  metre.^ 

I  In  Milan  the  problem  of  potable  water  has  been  solved  since  1880  by  laklng  yvtktet  from  the  subsoil  at  depths 
of  30  to  80  metres  by  means  of  wells  excavated  by  the  Canadian  method,  one  at  least  each  year,  and  there  ar« 
now  about  forty  wells  which  supply  25,000,000  cu,  metres  of  water  per  annum,  one-third  of  which  is  **'***^^ 
for  the  public  service  (street  watering,  fountains,  urinals,  public  buildings,  schools,  markets,  Ac). '  WTiilst  in  18» 
only  4300  cu.  metres  were  consumed  for  domestic  purposes,  In  1905  this  figure  had  risen  to  600,000,  in  1*^  V. 
more  than  3,000,000  cu.  metres,  whUst  to-day  the  distribution  of  potable  water  In  Milan  is  shown  by  the  followlPg 
figures: 

irra  1909  1908  1®^ 

Private cu.  metres      14,771,580  13,023,860  11,070,781 

Works „  3,747,687  3,281,344  *»^'»55? 

Public  roads 6,335,920  6,747.486  6,206,000 

Total  „  24,855.087  22,032,690  19,000.069 

In  Milan  there  are  four  weUs  in  the  Arena,  which  together  yield  140  litres  per  second;  "^f  ,?f"*/jf,|?®  ?^„*Il' 
del  Semplone,  31  to  62  metres  deep,  yielding  200  litres  per  second ;  one  In  the  Via  Parini,  yielding  &u  "™ »  * 
six  wells  In  the  Loreto  suburb,  yielding  150  litres  per  second.    In  1904  ten  more  wells  were  ^^  m  ^ne  ait    . 
which  together  yield  400  litres  per  second.   In  1905-1906  ten  more  wells  were  sunk  in  the  Corso  VWem  ana    « 
Cenlsio.  Thus  Btilan  to-day  has  a  supply  of  more  than  7000  litres  per  second,  that  is,  640,000  cu.  ni«™  PJJ  ^^     ; 
four  hoon.     The  cast-iron  tubes  of  the  wells  are  of  080  metre  diameter,  and  the  jeUs  ^V^.*^«f Indulive or 

^ ^^  -.jX  when  finished,  including  all  implements.  Ac.  costs  frorn  £480  to  f  f^' ^^^^^^  °°^Vw^?^^^^^ 

^  of  buildings  and  machinery  (pumps,  boilers,  motors.  Ac)  attached  to  <^J*>  8J«"P -?'  ofThM «t> 

«  from  £4l00  to  £6000).    The  winter  is  coUccted  in  two  Urge  ^«««^;;^JJ^«^^„\*l^^^^ 
o  Sfo.«,^oo.  The  fir«t  was  of  iron,  of  tho  Inlze  type,  and  was  constructed  in  1893,  with  a  csps^  . 
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AQUEDUCTS.  When  good  water  is  not  to  be  obtained  from  rivers  or  from  the  subsoil 
it  is  necessary  to  transport  it  from  more  or  less  distant  lakes  or  natoral  springs,  which  yield 
fresh  pure  water,  rich  in  carbon  dioxide  ;  and  before  starting  works  of  so  costly  a  character 
it  is  necessary  to  stndy  aU  the  hydrological  factors  of  the  locality  over  a  series  of  years  in 
order  to  be  certain  of  the  yield  and  continuity  of  the  springs  during  various  seasons.  It  is 
not  to  be  denied  that  when  the  springs  are  fed  by  glaciers  or  by  snow  they  only  flow  abun- 
dantly in  spring  and  summer.  It  is  also  necessary  to  carefully  control  the  materials  of 
construction  and  to  exercise  a  vigilant  supervision  to  prevent  infiltration. 

For  potable  water  in  general,  but  especially  for  water  rich  in  dissolved  C0|  and  air, 
it  is  necessary  to  avoid  leaden  pipes.  The  lead  is  dissolved  most  readily  by  aerated  water, 
and  in  proportion  to  the  amoimt  of  oxygen  present,  whether  the  water  flows  rapidly  or 
remains  stagnant  in  the  pipes.  Yree  carbon  dioxide  also  facilitates  solution  of  lead,  though 
to  a  less  extent  than  oxygen,  whilst  carbonates,  on  the  other  hand,  are  harmless.  It  is 
necessary  to  avoid  replacement  of  the  water  in  the  pipes  by  air.  In  order  to  avoid  all  danger 
the  use  of  leaden  pipes  for  the  transmission  of  potable  water  should  be  prohibited. 

For  large  mains  pipes  of  cement,  or  better  of  cast  iron,  are  used,  and  for  smaU  mains 
wrought-iron  tubes.  Recent  researches  (Ruzickas)  show  that  the  nitrates  in  water  dissolve 
notable  quantities  of  lead.  Galvanised  (zinc-lined)  iron  tubes  contaminate  the  water  with  zinc. 
Water  which  is  not  very  hard  and  is  rich  in  CO^  and  bicarbonates  and  much  aerated  attacks 
even  iron  pipes  ;  in  such  cases  pipes  of  tinned  iron  are  used,  as  is  now  done  in  many 
towns  abroad  (t.e.  outside  Italy)  when  iron  and  leaden  pipes  are  rapidly  corroded.  Xn 
Germany  glass  tubes  are  used  in  certain  cases. 

The  presence  of  organic  matter  greatly  increases  the  corrosion  of  leaden  and  iron 
tubes. 

Potable  water  supplied  by  aqueducts  is  generally  dearer  than  that  from  artesian  wells. 
In  a  project  to  supply  water  to  the  city  of  Cremona,  with  a  conduit  forty  kilometres  long 
(twenty-five  miles)  and  at  an  expense  of  about  £80,000,  the  water  would  have  cost  l'5d, 
per  cu.  metre,  whilst  by  obtaining  it  from  the  subsoil  it  will  cost  less  than  0'4d, 

The.  Apuuan  Aqueduct  will  cost  £5,000,000,  and  will  furnish  potable  water  to 
228  cities  and  boroughs,  at  the  rate  of  60  to  200  litres  per  inhabitant  per  twenty-four 
hours.1 

of  1200  cu.  metres ;  the  second,  of  1500  cu.  metres  capacity,  was  constructed  in  1904,  in  armoored  concrete,  of 
cylindrical  shape,  with  a  flat  base.  The  potable  water-mains  of  Milan  have  to-day  reached  a  length  of  ^X)  kilo- 
metres (123  miles)  and  supply  water  to  about  7000  houses,  which  pay  from  l'44d.  to  I'iUd.  per  cu.  metre  {i'2d, 
to  bid.  per  100  cu.  ft.). 

The  mean  temperature  of  the  drinking  water  of -Uilan  is  13"  and  15"  in  the  mains ;  the  composition  per  litre 
of  the  yntci  from  various  wells  in  1905  was  as  follows : 


Tbtal  residue  at  150*     . 
Loss  on  ignition    . 
Organic  matter  (as  oxygen) 
Sulphates  (as  SO.) 
titrates  (as  NaOj) 
Silicates  (as  SiO.) 
Chlorides  (as  a)   . 


Grms. 

0145  -0-250 

00400-00550 

00004-00007 

0-0040-0-0170 

00009-00036 

00150-00180 

00054-0-0092 


Lime  (as  GaO)     . 
Magnesia  (as  MgO) 
Soda  (as  Na,0)    . 
Iron  . 
Ammonia   . 
Total  hardness    . 
Permanent  hardness 


Orms. 
00500-0*0800 

o-oiso-o-ozio 

O-0070-O'OlOO 
trace-0*0010 

aero 
9^^-17"  (French) 
S'-B'*   (     „     ) 


The  subsoil  water  of  Milan  shows  a  dry  residue  of  0*500  grm.  per  litre  at  a  depth  of  4  metres,  whilst  at  a  depth 
of  18  metres  there  is  only  0220  grm.  of  dry  residue  per  litre,  and  the  amounts  of  nitrates  and  chlorides  diminish 
in  the  same  proportion. 

^  For  twenty-five  years  the  southern  population  of  Italy  have  persistently  demanded  the  construction  of 
the  Apulian  aqueduct,  which  would  have  regenerated  the  life  of  that  beautiful  but  n^lected  region. 

Finally,  in  1898,  the  Ctovernment  approved  of  a  law  which  arranged  for  the  consideration  of  a  definite  project 
for  conducting  and  distributing  water  from  the  Sele  in  Apulia.  The  laws  of  June  20, 1902,  and  July  8, 1904,  declared 
it  to  be  a  work  of  public  utility  and  claiming  the  attention  of  the  State.  A  contorzio  (partnership)  was  then  estab- 
Ibihed  between  the  State  and  the  provinces  of  Foggia,  Bari,  and  Lecce,  and  the  respective  councils  were  invited  to 
nominate  their  representatives  on  the  Board  of  Administration. 

The  concessionaire  was  to  complete  the  construction  of  the  aqueduct  by  1910  and  was  then  to  work  it  and 
maintain  it  for  ninety  years,  after  which  it  passed  freely  into  the  ownership  of  the  consorsio,  who  were  then  to 
be  responsible  for  its  working  and  maintenance.  The  State  contributed  £4,000,000  to  the  cost  and  the  provinces 
£1,000,000. 

In  an  international  competition  the  most  advantageous  offer  was  made  by  the  Societa  Ercole  AntJco  •  Soci, 
sod  the  concession  was  awarded  to  them  after  they  had  deposited  the  necessary  guarantee  of  £240,000. 

The  large  canal  of  masonry  into  which  the  springs  will  be  diverted,  after  passing  through  a  first  tunnel  of 
about  400  metres,  ^ill  pierce  the  Apennines  by  a  tunnel  which  will  be  19  kUom.  (12  miles)  long  and  will  then  dis- 
charge into  the  Ficocchia  torrent,  an  affluent  of  the  Ofanto  River.  In  this  way  the  water  of  the  Sele  springs,  which 
actually  form  part  of  the  drainage  system  of  the  Tyrrhenian  Sea,  will  be  diverted  into  one  of  the  afiluents  of  the 
Adriatic. 

The  grand  canal,  of  navigable  dimensions,  wiU  be  constructed  of  masonry,  will  pass  along  a  portion  of  the  Ofanto 
Valley,  turn  to  the  east  at  the  base  of  Monte  Vulture,  with  a  stretch,  generally  In  galleries,  as  far  as  the  neigh- 
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In  order  to  supply  the  300,000  inhabitants  of  Los  Angeles,  California,  with  potable 
water  an  aqueduct  has  been  constructed  of  cement,  386  kiloms.  long  (241  miles),  4*58  metres 
wide,  and  2-75  metres  deep,  costing  £4,000,000,  which  takes  water  from  the  Owens  River. 
The  City  of  New  York  is  constructing  an  aqueduct  which  will  cost  more  than  £40,000,000, 
and  will  deliver  two  million  cubic  metres  of  water  daily,  and  thus  the  mean  supply  of  water 
per  head  of  the  population  will  rise  from  125  to  500  litres  per  day  (500  litres  =114  gals.). 

In  1893  the  City  of  Pans  disposed  of  710,000  cu.  metres  of  potable  water,  of  which 
290,000  cu.  metres  were  obtained  from  various  springs  by  means  of  aqueducts,  of  which 
the  most  notable  is  that  from  Havre,  102  kiloms.  (64  miles)  long  and  of  1-5  metres  diameter. 
In  1906  900,000  cu.  metres  per  day  of  potable  water  were  available  at  Paris.  The  daily 
stock  in  the  various  reservoirs  was  500,000  cu.  metres  in  1900. 

WATER  ANALYSIS.  In  order  to  decide  whether  a  water  is  potable 
it  is  sometimes  necessary  to  make  a  bacteriological  examination,  which  should 
be  conducted  by  a  specialist,  as  well  as  a  chemical  analysis.  The  sample 
of  water  for  this  examination  should  be  collected  directly  in  sterilised  bottles 
on  the  spot ;  these  bottles  must  be  immediately  placed  in  an  ice  chest  and 
sent  to  the  bacteriologist,  in  order  to  avoid  multiplication  of  the  bacteria. 

The  samples  for  the  chemical  analysis  should  be  collected  in  clean  glass 
bottles,  if  possible  with  glass  stoppers.  In  the  greater  number  of  cases  the 
analysis  of  the  water  must  show  whether  it  is  potable,  and  also  whether  it 
is  suitable  for  various  industries  {see  below).  In  order  that  a  water  should 
be  potable  the  dissolved  substances  should  not  exceed  the  following  limits  : 
Per  litre  of  water :  Dry  residue  0*300  grm.  ;  organic  matter  (expressed 
as  oxygen)  0*0025  grm.,  or  expressed  as  permanganate  0*01  grm. ;  lime 
and  magnesia  (CaO  +  MgO)  0'200  grm. ;  sulphuric  acid  as  sulphates 
(expressed  as  SO3)  0-100  grm.  ;  nitric  acid  (as  NjO^)  0-012  grm. ;  chlorine 
((]ll)  0-030  grm. ;  ammonia,  zero  or  not  more  than  0-0002  grm.  of  proteid 
ammonia ;  nitrites,  zero  ;  total  hardness  30  (French).  (Prescription  of  the 
municipal  laboratory  of  Milan.)* 

bourhood  of  Venoaa,  where  the  large  branch  for  the  province  of  Foggia  will  start ;  it  will  then  proceed  past  the 
Palace  of  San  Oervasio  and  Spinaziola,  meeting  the  mountainous  chain  of  the  Murge,  which  it  will  follow  to  its 
extremity  at  the  boundary  of  the  provinces  of  Bari  and  Lecce.  This  canal  will  be  236  kiloms.  (148  miles)  long. 
To  it  will  be  attached  the  numerous  branches  which  will  distribute  the  water  to  the  three  Apulian  provinces, 
which  will  together  be  1600  kiloms.  (1000  miles)  long,  and  to  which  it  will  be  necessary  to  add  800  kiloms.  (500 
miles)  of  pipe-lines  for  the  urban  distributing  systems.  It  will  also  be  necessary  to  construct  146  reservoirs  of  a 
joint  capacity  of  about  268,661  cu.  metres. 

*  We  will  here  very  shortly  give  the  methods  of  water  analysis. 

The  dry  residue  is  determined  by  evaporating  300-350  c.c.  on  the  water-bath  in  a  tared  platinum  dbh,  then 
drying  in  an  oven  at  170^  and  weighing  the  residue.  By  heating  to  redness  and  reweighing,  the  residue  on  calci- 
nation it  obtainedj  the  organic  matter  being  burnt. 

The  dry  residue  of  a  potable  water  should  show  no  blackening  or  volatility  on  incineration,  as  this  would  indi- 
cate an  excessive  amount  of  organic  matter. 

The  lime,  magnesium,  and  iron,  which  are  present  in  the  water  as  bicarbonate8,  and  the  alumina  and  Hilica. 

are  determined  in  the  dry  rraidue  from  at  least  1  litre  of  water ;   the  residue  is  dissolved  in  HC3  and  the  silica 

separated  on  a  tared  filter ;  in  the  filtrate  the  iron  and  alumina  are  precipitated  with  ammonia,  filtered,  dried. 

and  weighed ;  in  the  second  filtrate  the  lime  is  precipitated  with  ammonium  oxalate  and  filtered ;   in  the  third 

filtrate  the  magnesia  is  precipitated  with  sodium  phosphate.   All  these  substances  are  expressed  in  the  reisults  as 

oxides  :  CaO,  MgO,  AlaO,,  Fe,0„  SiO, ;  or  as  metallic  cations  :  Ca,  Mg,  Al,  Fe. 

N 
The  chlorides  arc  determined  by  titrating  100  c.c.  of  the  water  with  an  -rr  solution  of  silver  nitrate,  employing 

as  indicator  one  drop  of  a  concentrated  solution  of  potassium  chromate,  which  becomes  red  when  all  the  chloride 
has  been  precipitated  as  white  AgCl.    The  results  are  expressed  in  clilorine  (Q). 

Nitrates  are  detected  qualitatively  by  the  blue  coloration  formed  on  adding  a  crystal  of  diphenylamine  and 
2  c.c.  of  strong  sulphuric  acid  to  1  c.c.  of  the  water ;  they  are  quantitatively  determined  by  the  Schldsing-SchuUe- 
Tiemann  method  by  evaporating  100  c.c.  of  the  water  to  10  c.c,  decomposing  with  ferrous  chloride  and  acid  in 
a  suitable  apparatus,  and  measuring  the  nitric  oxide  evolved.  The  result-s  are  expressed  as  nitric  anhydride 
(NiOa) ;  1  c.c.  of  NO  at  0*  and  760  mm.  corresponds  to  2*417  mgrms.  of  N,0.5. 

Nitrites  are  quickly  detected  qualitatively  by  adding  to  50  c.c.  of  water  2  c.c.  of  starch  paste  and  sine  iodide 
and  1  c.c.  of  dilute  sulphuric  acid  (1  :  3),  when  a  blue  coloration  is  shown,  in  a  few  minutes  if  they  are  present ; 
or  1  CO.  of  sulphuric  acid  and  1  c.c.  of  metaphenylencdiamine  sulpliate  solution  may  be  added,  wliich  give  a  red 
coloration. 

Sulphates  are  precipitated  by  barium  chloride,  and  the  results  expressed  as  SO,. 

Ammonia  is  tested  for  qualitatively  only,  with  Nessler's  reagent  (»f«  Mercuric  Iodide),  after  separation  of  tht* 
lime,  magnesia,  <&c.,  with  sodium  carbonate.  A  mere  yellow  coloration  shows  the  presence  of  ammonia,  whilst  a 
precipitate  indicates  a  large  amount. 

Carton  dioxide,  combined  and  half  combined  (CO,),  is  precipitated  by  a  measured  excess  of  titrated  lime-water, 
and  the  excess  is  then  titrated  back  with  a  titcated  solution  of  oxalic  acid 
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PURIFICATION  OF  WATER  FOR  ALIMENTARY  PURPOSES. 
The  use  of  chemical  reagents  is  generally  inadvisable,  and  they  are  only  used 
in  exceptional  cases  to  diminish  the  hardness,  as  is  explained  below  for  industrial 
purposes,  where  the  methods  of  diminishing  the  amounts  of  organic  matter 
and  eliminating  iron  are  also  explained. 

To  obtain  potable  water  from  suspicious  sources,  one  has  recourse  to 
filtration  or  sterilisation. 

FILTRATION.  In  order  to  ehminate  suspended  matter  (and  in  part  also  the  bacteria) 
and  todeoompoee  to  a  very  small  extent  any  dissolved  substances,  the  following  materials  have 
been  proposed  :  wool,  sponge,  felt,  porous  soil,  blast -furnace  slag,  asbestos,  bone  charcoal, 
briquetted  charcoal  (consisting  of  a  mixture  of  wood  charcoal,  bone  charcoal,  sawdust, 
and  tar  or  asphalt,  all  compressed  in  a  mould  and  then  gently  roasted).  The  organic 
materials,  wood,  felt,  sponge,  &c.,  are  to  be  condemned  as  they  assist  the  putrefaction  of 
the  water.  Excepting  the  filters  with  a  carbon  base  they  all  have  a  minimal  absorbent 
capacity  for  the  suspended  matter,  and  filters  which  have  little  absorptive  power  end  by 
making  the  water  worse  than  before.  As  the  filters  are  but  little  aerated  only  a  minimal 
chemical  decomposition  of  the  dissolved  matter  takes  place. 

The  large  filters  for  towns  consist  exclusively  of  layers  of  sand,  more  or  less  fine  ;  the 
more  finely  divided  the  suspended  matter  in  the  water  is,  the  less  water  will  pass  in  a  given 
time  through  the  same  filtering  materials  of  a  given  thickness  and  area.  If,  i^or  example, 
3  to  5  cu.  metres  of  Thames  water  will  pass  through  1  sq.  metre  of  a  filtering  medium  in 
twenty-four  hours,  only  l'7cu.  metres  of  Elbe  water  will  pass  through  in  the  same  time, 
as  the  suspended  matter  in  the  latter  is  much  finer.  Large  filters  are  formed  of  large 
tanks  of  masonry  or  iron  ;  the  water  enters  below,  first  passes  through  layers  composed  of 
gravel  and  clay,  then  through  coarse  quartz,  and  finally  through  fine  sand  with  grains  of 
0*5  to  1  mm.  diameter.  The  complete  bed  may  be  60  cms.  deep,  and  each  single  layer 
about  15  cms. 

The  bacteria  are  not  at  first  retained,  but  when  the  pores  of  the  filter  bed  are  partially 
closed  by  mud  from  the  water  the  number  of  bacteria  diminishes  noticeably.  For  example, 
at  Ziirich  the  lake  water  contains  50  to  2000  bacteria  per  c.c.  before  filtration  ;  after 
filtration  it  contains  only  one  to  thirty  bacteria  per  c.c.  The  upper  layer  of  fine  sand  is 
changed  more  frequently  as  it  easily  becomes  clogged. 

In  America  these  filters  are  improved  by  mixing  aluminium  sulphate  with  the  sand. 

For  small  domestic  use  various  small  and  convenient  filters  are  sold  in  which  the  water 
passes  through  compact  but  porous  stone  blocks  analogous  to  the  Chamberland  filters, 
with  good  results.  Malfitano  has  recently  proposed  filtration  through  semipermeable  colloidal 
membranes,  which  would  give  the  very  best  results  from  the  bacteriological  standpoint. 

STERILISATION  OF  WATER.  In  order  to  sterilise  water,  that  is,  to  kill  all  the 
pathogenic  germs  and  diminish  the  organic  matter,  Schenilowa  proposed  in  1898  to  add 
a  solution  of  potassium  permanganate  and  then  filter  through  charcoal.  This  method  is 
not  always  certain,  even  if  calcium  permanganate  is  used  together  with  the  electric  current. 
In  the  same  way  the  effects  of  adding  small  quantities  of  bromine  as  proposed  by  Sckumburg 
in  1899,  or  of  15  grms.  of  chloride  of  lime  per  litre  proposed  by  Lode  in  1900  (although  Mason 
Btill  insisted  on  its  efficiency  in  1909),  are  not  certain,  as  has  been  clearly  shown  by  Schiider, 

N 
The  organic  matter  is  determined  with  a  —  solution  of  potatisium  permanganate  which  is  first  titrated  with 

a  Adutkni  of  oxalic  acid ;  the  permanganate  solution  is  added  to  100  c.c.  of  the  boiling  water  acidified  with  sul- 
phuric acid.  By  multiplying  the  number  of  c.c.  of  permanganate  used  by  0*00316  the  organic  matter  is  expressed 
in  t«rm9  of  permanganate,  whilst  by  multiplying  by  0*0008  it  is  expressed  as  oxygen  required  per  litre  of  water. 
It  is  estimated  that  one  part  of  permanganate  oxidises  about  five  parts  of  organic  matter. 

The  total  hardness  is  due  to  the  calcium  and  magnesium  bicarbonates  and  sulphates,  and  is  determined  accord- 
ing  to  Boutron  and  Boudet  with  a  titrated  alcoholic  solution  of  soap  (20  grms.  of  potassium  oleate  in  520  c.c.  of 
ftlcohol  of  56  per  cent,  by  volume),  by  adding  this  until  a  persistent  froth  is  obtained  on  shalcing  strongly,  indi- 
cating the  complete  fixation  of  the  calcium  and  magnesium  as  calcium  and  magnesium  soaps.  The  titre  of  the 
soap  solution  is  determined  by  gradually  adding  a  solution  of  0*574  grm.  of  barium  nitrate  (dried  at  100)  in  a  litre 
of  water  ;  40  c.c.  of  this  solution  correspond  to  22  French  degrees  of  hardness. 

The  permanent  hardness  is  due  to  the  sulphates  of  calcium  and  magnesium  only,  and  is  determined  by  boiling 
the  water  for  half  an  hour,  filtering  and  making  up  to  the  original  volume  with  distilled  water  ;  the  bicarbonates 
Are  thus  removed  as  they  remain  on  the  flltor  as  insoluble  carbonates. 

The  temporary  or  transitory  hardness  is  deduced  from  the  difference  between  the  total  and  permanent  hardness. 

The  burette  of  Boutron  and  Boudet  for  measuring  soap  solution  indicates  the  results  directly  in  grammes  of 
ralclum  carbamate  contained  In  100  litres  of  water,  that  is,  in  French  degroos.  (Jernian  degree's  indicate  the  grammes 
of  calcium  oxide  in  100  Utre«  o(  water,  T)iU8  one  {Trench  degree  is  ^jual  to  0*56  Qcrnian  and  0*70  English  degree. 
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by  Engcis  (1902),  and  by  Hetsch  (1906) ;  the  last  has  found  the  ferric  chloride  method 
of  Duyk  to  be  UBeless  (miKture  of  ferrio  chloride  and  BodJum  or  calcium  hypochlorite) 
and  that  the  nilvcr  fluoride  (tachiolo)  of  Pat^mo  and  Cingolani  (1903),  aad  the  sUver 
fluosilicate  (ieotachiolo)  of  Paterno  are  not  always  effective  ;  Foa  and  Corsini  (1904)  came 
to  the  same  conclusion  with  regard  to  tachiolo. 

G.  T.  Moore  in  America  (1905)  uses  1  gnu.  of  copper  sulphate  per  hectolitre  of  water, 
but  the  soundness  of  this  method  is  still  contested,  wUlst  more  satisfactory  results,  though 
they  are  not  yet  definite,  have  been  obtained  with  hydrogen  peroxide. 

Sterilisation  by  boiling  has  the  disadvantage  that  all  the  spores  of 
the  pathogenic  organiHms  are  not  killed,  and  that  the  gases  and  bicarbonate 
dissolved  in  the  water  are  lost,  thus  altering  its  taste  and  digestibility. 
Heating  under  pressure  at  110°  (Vaillard's  system)  is  preferable,  but  is  never 
economical  and  is  not  adaptable  to  large  scale  production. 

Of  all  methods  of  sterilisation  proposed  up  to  the  present  the  safest  and 

most  economical  is  the  treatment  of  the  water  with  ozone.      In  1891   Dr. 

Ohmiiller  first  investigated  the  behaviour  of  the  various  species  of  bacteria 

in  presence  of  slightly  ozonised  air,  and  succeeded  in  showing  that  none  of 

the  pathogenic  bacteria,  eapeeiatly    when  distributed  in  water,  resisted   the 

action  of   ozone,   even   when  much  diluted.      The  bacterium  subtilis   (hay 

microbe)  alone  resists  the  action  of  ozone  (and  also  a  temperature  of  110°), 

but  it  is  a  perfectly  inoffensive 

organism  both  for  man  and  for 

animals. 

From  that  time  the  solution 
of  the  great  problem  of  the 
sterilisation  of  water  only 
awaited  the  time  when  it 
would  be  possible  to  obtain 
ozone  cheaply  and  in  large 
quantity  {see  Ozone,  p.  187). 
Fio.  78.  To-day  the   solution  of   the 

problem  is  an  accomplished  fact, 
and  there  are  in  Europe  many  important  plants  for  the  ozonisation  of  water. 

In  190O  the  firm  of  Siemens  and  Halske  erected  the  first  plant  in  their  own  works  at 
Marti nickonfelde,  near  Berlin,  employing  water  from  the  Spree  contaminated  with  Berlin 
Bowagc.  Ten  cubic  metres  were  purified  per  hour  with  a  current  at  15,000  volU.  The  water 
first  passed  through  the  tube  D  into  an  upper  reservoir  and  then  through  the  tube  C 
into  a  rapid  Kronhko  filter  in  order  to  remove  suspended  matter  (Fig.  IS).  It  was  then 
pumped  into  another  reservoir  over  a  tower  lined  internally  with  cement  and  filled  with 
pebbles  below  and  sand  above.  A  current  of  ozonised  air  entered  at  the  base  of  this  tower, 
whilst  the  water  fell  from  above  as  a  fine  spray,  meeting  the  current  of  ozone.  The  osonisod 
air  was  produced  by  the  passage  of  previously  dried  air  through  an  ozoniaer.  The  wat«r  was 
collected  at  the  base  of  the  tower  in  reservoirs,  and  a  few  minutes  afterwards  it  no  longer 
gave  any  reaction  for  ozone  and  was  sterilised.  The  Spree  wafer  contained  200,000  and 
Bonielimes  600,000  bacteria  per  c.c.  The  ozone  first  attacked  the  dissolved  organic  matter 
and  then  the  bacteria. 

The  sterilisation  was  alwaj-a  satisfactory  and  the  lesults  were  checked  by  Dr.  Ohmuller 
of  the  Imperial  Bureau  of  Hygiene  in  Bfirlin,  Prof.  Proakauer  and  I>r.  Schiidor  of  the  Koch 
Institute.  The  quantity  of  ozone  required  varies  with  the  nature  of  the  water,  being  the 
greater  the  more  organic  matter  there  is  present  in  the  water ;  generally  at  least  1  cu.  metre  of 
ozonised  air,  containing  8  to  9  grms.  of  ozone,  is  required  for  each  cubic  metre  of  water  ; 
the  water  which  has  just  passed  through  the  ozonising  tower  should  always  still  show  a 
strong  reaction  for  ozone  with  potassium  iodide-starch  test  papers. 

Artificial  cultures  of  the  microbes  of  cholera  and  typhus  were  also  passed  through  the 
plant  in  order  to  ascertain  whether  they|could  be  delected  by  careful  special  cultures  in  llic 
water  which  had  been  treated. 
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In  every  case  the  water  proved  to  be  absolutely  free  from  pathogenic  organisms  and  only 
very  few  common  microbes  remained,  such  as  are  found  in  the  purest  spring  water.  After 
the  action  of  ozone  the  water  does  not  ordinarily  contain  more  than  five  to  ten  microbes 
per  C.C.,  and  often  none  at  all  are  shown  by  the  gelatine  cultures  even  on  the  third  day. 

After  th^e  satisfactory  results  the  firm  of  Siemens  and  Halske  erected  a  much  larger 
plant  at  Wiesbaden  in  1902,  for  a  maximum  production  of  250  cu.  metres  of  potable  water 
per  hour. 

Shortly  afterwards  the  same  firm  erected  another  plant,  providing  60  cu.  metres  of  water 
per  hour,  for  the  supply  of  all  the  drinking  water  of  the  Prussian  city  of  Paderborn,  with 
50,000  inhabitants.  Since  that  time  Paderborn  has  been  free  from  the  typhus  epidemics 
which  had  previously  occurred  every  year.  The  cost  of  sterilised  water  at  Wiesbaden, 
including  all  expenses,  amortisation,  and  interest  for  the  complete  plant,  is  less  than  O-Sd. 
I)er  cu.  metre  {Id.  per  cu.  ft. ).  In  the  Russo-Japanese  War  the  Russians  used  with  advantage 
water -ozonising  plants  mounted  on  small  carts. 

At  Nice  the  ozonisation  of  the  water  was  commenced  with  Otto's  apparatus  in  1906  (120 
cu.  metre  i  of  water  per  hour).  At  Philadelphia  a  large  plant  for  the  ozonisation  of  water  has 
also  been  erected  (1905)  and  other  plants  have  beeh  recently  erected  in  some  French 
to^ns.  In  Italy  an  experimental  plant  has  been  erected  at  Casalmonferrato.  In  order 
tc  economise  ozone  De  Fries  obtains  a  more  intimate  contact  between  the  water  and  the 
ozonised  air  by  passing  the  emulsified  mixture  through  a  tower  divided  into  many  super- 
posed chambers  by  means  of  finely  perforated  celluloid  discs  ;  the  contact  between  the 
water  and  the  ozone  may  be  prolonged  by  diminishing  the  influx,  and  therefore  the  rate 
of  outflow,  of  both. 

It  was  shown  by  numerous  experiments  in  1908-1909  that  the  ultra-violet  rays  have  a 
bactericidal  action,  and  that  water  can  be  sterilised  by  passing  it  over  a  mercury  lamp 
emitting  light  rich  in  these  rays.  Some  French  chemists  maintain  that  the  phenomenon  is 
due  to  a  specific  action  of  the  ultra-violet  rays,  whilst  many  German  chemists  maintain  that 
the  sterilisation  is  due  to  the  formation  of  ozone  and  hydrogen  peroxide,  which  are  produced 
by  the  action  of  the  ultra-violet  rays  on  water.  Billon -Daguerre  (1910)  obtained  a  sterili- 
sation of  water  twenty-five  times  more  efficient  than  that  obtained  with  the  ultra-violet 
rays  of  the  mercury  lamp  by  using  the  rays  of  the  invisible  spectrum  between  1030  and 
1100  units  (Angst) ;  with  a  small  special  lamp  five  litres  of  Seine  water,  containing  29,000 
colonies  of  bacilli  coll  per  c.c,  were  completely  sterilised  per  minute. 

WATER    FOR    INDUSTRIAL   PURPOSES 

Every  industry  has  its  own  special  requirements,  and  sometimes  that 
which  is  suitable  for  one  is  fatal  to  another.  It  is,  therefore,  necessary  to 
always  remember  the  uses  to  which  a  given  water  will  be  put,  and  to  thus 
be  guided  as  to  its  goodness  by  the  results  of  chemical  analysis,  and  some- 
times also  by  bacteriological  examination.  We  will  enumerate  briefly  the 
principal  requisites  of  water  for  certain  important  industries  : 

Boiler-feed  Water  should  be  as  soft  as  possible  and  should  not  contain  much 
nitrate  or  organic  matter,  in  order  not  to  form  incrustations  or  corrode  the  boiler-plates 
(for  treatment,  see  helow). 

Water  for  Breweries.  The  influence  of  the  water  on  successful  brewing  is 
often  exaggerated.  Decomposing  organic  matter,  with  ammonia  and  nitrites  and  the 
attendant  micro-organisms,  is  certainly  prejudicial  in  the  manufacture  of  beer.  The  lime 
contents  should  be  moderate,  because  water  with  little  lime  (little  hardness)  w  thdraws 
more  extractive  matter  from  the  malted  barley,  and  also  more  salts,  including  phosphates, 
but  water  containing  much  lime  and  magnesia  (very  hard)  is  harmful,  because  it  renders 
the  album'noids  insoluble. 

Water  for  Spirit  Distilleries  should  be  pure  and  fresh,  and  should  contain  few 
micro-organisms  and  little  NaCl  and  MgCl2. 

Water  for  Sugar  Factories.  If  water  rich  in  sulphates  and  alkahne  carbonates, 
and  especially  in  nitrates,  is  used,  the  crystallisiition  of  the  sugar  is  rendered  more  difficult, 
mohi«ses  are  more  abundantly  obtained,  and  the  sugar  becomes  deliquescent  on  exposure. 
Water  rich  in  micro-organisms  partially  decomposers  the  sugar. 
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Water  for  Paper  Mills.  The  presence  of  iron  is  harmful,  and  an  excess  of  lime  and 
magnesia  decomposes  the  resin  coaps. 

Water  for  Starch  Factories.  This  should  be  free  from  organic  matter  or  suspended 
matter.     Iron  is  harmful  and  so  are  all  kinds  of  algsB  or  bacteria. 

Water  for  Tanneries.  The  bicarbonates  and  sulphates  of  lime  and  magnesia  are 
advantageous  because  they  assist  the  proper  swelling  of  the  hides  ;  but  when  the  water 
is  less  hard,  thinner,  softer,  and  neater  hides  are  obtained.  If  the  water  contains  much 
bicarbonate,  it  is  sufficient  to  add  a  little  sulphuric  acid  in  order  to  form  a  little  sulphate. 
When  the  water  is  very  hard,  it  is  better  to  work  the  hides  at  a  tepid  temperature  (about 
20°  C). 

Water  for  Bakeries  should  be  potable,  and  is  very  harmful  to  panification  if  it 
contains  decomposing  organic  matter,  because  the  action  of  the  yeast  is  then  notably 
modified. 

For  Glue  Factories  the  water  should  be  rather  soft,  as  otherwise  the  glue  is  lacking 
in  limpidity  and  the  solutions  form  deposits. 

Water  for  Laundries,  public  and  domestic,  should  contain  little  hardness  as 
otherwise  more  steam  is  used  and  the  washing  is  also  bad. 

Water  for  Cooking  should  not  possess  much  hardness,  in  order  that  vegetables  may 
be  easily  cooked. 

In  treating  Cocoons  and  Silk,  a  water  which  is  very  soft  dissolves  much  gummy 
matter  and  renders  the  silk  less  brilliant  and  resistant.  On  the  other  hand,  the  dyer 
encoimters  much  difficulty  in  dyeing  silk  worked  with  very  hard  water,  and  the  resulting 
shades  are  less  brilliant. 

Water  for  Dyeing  should  be  limpid,  free  from  iron,  and  should  possess  little 
hardness,  as  the  colouring  matters  otherwise  form  insoluble  lakes,  producing  impure 
shades,  and  sometimes  al  o  spots.  In  Turkey  Red  Dyeing,  on  the  contrary,  hard  water 
is  advantageous. 

For  Wool  and  Cotton  Spinning,  where  the  crude  (wool)  fibre  or  worked  fibres 
(threads  and  tissues  of  wool  or  cotton)  are  washed,  notable  quantities  of  soap  are  wasted 
if  the  water  is  hard,  and  insoluble  calcium  and  magnesium  soaps  are  formed  which  adhere 
tenaciously  to  the  fibre,  producing  serious  inconvenience  in  dyeing  and  commimicating  a 
rancid  odour  to  the  tissues  when  they  are  stored  for  long  in  hot  warehoufes. 

TREATMENT  OF  WATER  FOR  INDUSTRIAL  PURPOSES.  U  water  for 
feeding  boilers  has  more  than  15°  of  total  hardness,  it  is  necessary  to  correct  this  in  order 
to  hinder  or  prevent  the  incrustations  which  are  formed  on  the  internal  walls  of  the  boiler 
(boiler  scale ).i 

In  order  to  soften  hard  water,  the  numerous  substances  (water  softeners),  which  one  is 
advised  to  add  directly  to  the  water  of  the  boiler  are  not  generally  to  be  recommended, 
because  these  are  often  useless  or  even  harmful.  The  only  one  which  has  given  good  results 
is  sodium  carbonate,  which  forms  powdery  CaCOs  and  Na,S04  with  CaS04. 

Also  ammonium  chloride  appears  to  directly  retain  CaS04  in  solution  or  to  dissolve  it 
when  already  deposited.  It  acts,  however,  incompletely  and  is  dangerous  for  the  bronze 
portions  of  the  valves.     Stannous  chloride  transforms  calcium  salts  into  CaClj,  foiming 

^  On  heating  the  soluble  bicarbonates  of  the  alkaline  carttis,  we  already  separate  the  corresponding  insoluble 
carbonates  in  the  form  of  a  white  powder.  Furthermore,  as  the  water  gradually  evaporates  and  new  ip-ater  is 
introduced  into  the  boiler,  to  be  evaporated  in  turn,  the  soluble  salts  are  also  concentrated  more  and  more,  and 
then  commence  to  separate.  For  this  reason  calcium  sulphate  is  abundantly  formed  in  powder  and  more  or  h>> 
thick  and  hard  scales.  SiO„  Fe,0„ organic  matter  and  fatty  acids  derived  from  the  lubrication  of  the  fee«l-punip>, 
are  also  deposited. 

A  thin  incrustation  already  renders  the  boiler  a  bad  conductor  of  heat.  Thus  more  fuel  and  higher  temperatures 
are  required  to  evaporate  the  yame  quantity  of  water.  Scales  1  mm.  thick  cause  a  10  per  cent,  greater  coiisunip- 
tion  of  fuel,  and  when  the  thickness  is  as  much  as  5-6  mm.  40-50  per  cent,  more  fuel  Is  consumed.  Sometimt^ 
the  heat  is  sufficiently  great  to  render  the  boiler-plates  red  hot,  and  in  this  way  they  are  easily  worn  out.  If  tt 
such  moments  a  part  of  the  incra^tation  is  detached,  the  water  coming  into  immediate  contact  with  the  red-hot 
plate  instantly  produces  so  much  steam  and  prcMwure  that  in  certain  cases  explosions  are  caused.  The  powdery 
sediments  are  carried  over  by  the  steam  and  obAtruct  the  pipes  and  lodge  in  working  parts  of  the  engine,  in  contact 
with  which  they  cause  continuous  abrasion. 

The  cleaning  of  an  incrusted  boiler  is  a  laborious  and  long  operation.  It  also  causes  hindrance  and  interruption 
in  working  and  damage  to  the  boiliT  itself,  because  the  blows  of  the  Iiammer  necessary  to  loosen  the  scale  damafsr 
the  plates. 

The  colour  of  boiler  scale  varies  from  yellowish  grey  to  black,  and  in  composition  it  consists  mainly  of  calcium 
sulphate  which  is  separated  in  the  form  of  gypsum  CaSO,  .  2H,0  if  the  temperature  of  the  boiler  is  below  19'" 
pressure  less  than  2  atmospheres),  or  2CaS0,  -j  H,0  or  even  OiSOi  (anhydrite),  according  to  the  height  of  the 
temperature  and  pn-ssure  in  the  boiler  ;  together  with  Ca.SO,.  there  is  always  Mg  (OH)t,  and  more  or  less  alu!uin»> 
Incrustations  from  sea  water  pontain  no  CaCO,,  but  only  CttSO,. 
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stannous  oxide,  but  is  very  dear.  Barium  chloride  separates  sulphates  very  well  from 
tepid  water  in  the  form  of  powdery  BaS04,  which  is  readily  deposited,  and  after 
emptying  the  boiler  this  can  be  removed  with  a  jet  of  water. 

But  it  is  more  rational  and  convenient  to  separate  the  principal  incrusting  agents  before 
introducing  the  vxUer  into  the  boiler, 

Kolbe  proposed  to  add,  the  necessary  quantity  (determined  by  analysis)  of  caustic 
soda  dissolved  in  water,  and  thus  to  separate  the  bicarbonates  and  sulphates  according  to 
the  following  reactions,  which,  however,  are  very  slow  and  occur  best  on  heating. 

(a)  Ca(C08H)j  +  2NaOH  =  COsNaj  +CaC08  +  2H2O. 

(b)  CaS04  +  COaNa,  =  SO^Ne^  +  CaCOa. 

For  economy,  and  in  order  to  avoid  heating,  it  is  better  to  add  lime  water  in  order  to 
diminish  the  temporary  hardness,  and  at  the  same  time  to  use  a  solution  of  sodium  carbonate 
to  diminish  the  permanent  hardness.  Calculated  quantities  of  clec^  lime-water  are  added, 
remembering  that  an  aqueous  solution  of  lime-water,  saturated  and  clear  at  ordinary  tem- 
peratures, contains  1-3  grms.  of  Ca(0H)2  per  litre,  and  that  0-74  grm.  of  calcium  hydroxide 
Ca(OH)j,  that  is,  600  c.c.  of  the  clear  solution,  are  required  for  each  French  degree  of 
temporary  hardness  per  100  litres  of  water.  (One  French  degree  =  0-7  English  degree.) 
In  this  way  the  bicarbonates  of  Ca,  Mg,  and  Fe  are  precipitated  as  neutral  insoluble  car- 
bonates :  Ca(C03H)2  +  Ca(0H)2  =  2CaC03  -f-  2H2O  ;  on  separation  the  carbonates 
carry  down  with  them  the  greater  part  (about  two-thirds)  of  the  suspended  and  dissolved 
organic  matter,  and,  therefore,  a  little  more  than  the  calculated  quantity  of  lime-water 
is  always  added.  The  water  thus  treated  settles  with  difficulty,  and  it  is  convenient  to 
tilter  it  in  order  to  obtain  a  perfectly  clear  liquid,  thus  also  re-absorbing  carbon  dioxide 
from  the  air  which  had  been  lost  and  so  imparting  a  normal  taste  to  the  wat^r. 

By  this  method  calcium  sulphate  is  naturally  not  separated  and  magnesium  salts  only 
incompletely  (the  separation  is  more  complete  on  heating). 

ALUMINIUM  SULPHATE,  Al2(S04)3,  is  sometimes  employed  instead  of  lime  and 
gives  better  results  than  alum,  which  was  once  used.  It  clarifies  turbid  and  coloured 
waters  very  well.  The  bicarbonates  form  basic  sulphate  or  hydroxide  of  alumina  in  the 
state  of  a  voluminous  precipitate  which,  during  deposition ^  carries  down  with  it  suspended 
and  dissolved  organic  matter  in  the  form  of  lakes.  12  grms.  of  anhydrous  aluminium 
sulphate  or  2*3  grms.  of  the  crystallised  sulphate  are  used  for  each  degree  (French)  of  tem- 
porary hardness  per  100  litres  of  water.     The  reaction  is  as  follows  : 

Al2(S04)8  -f-  3Ca(C03H)2  =  3S04Ca  +  2A}(0K)^  -\-  6C0,. 

However,  the  permanent  hardness  is  increased  through  the  formation  of  calcium  and 
magnesium  sulphate,  and  this  method  is  therefore  suitable  for  the  treatment  of  water  for 
domestic  use  but  not  of  boiler-feed  water. 

In  order  to  diminish  the  permanent  hardness  (due  especially  to  calcium  and  magnesium 
sulphates)  sodium  carbonate  is  advantageously  employed  in  the  proportion  of  1  grm.  of  dry 
(SolTay)  soda  for  each  (French)  degree  of  permanent  hardness  and  100  litres  of  water. 
In  the  case  of  water  the  permanent  hardness  of  which  is  great  compared  with  the  temporary 
hardness,  a  solution  of  sodium  silicate  (soluble  glass)  is  advantageously  used,  containing 
1*5  grms.  of  combined  SiO,  for  each  (French)  degree  of  hardness  and  100  litres  of  water. 
It  is  advisable  to  also  add  an  equal  quantity  of  soda  so  that  the  bicarbonates  may  be  better 
separated.  1 

'  In  1873  De  Hacn  advised  the  treatment  of  water  by  the  following  method,  which  lias  given  good  results  in 
practice :  The  water  is  heated  to  40°-50^  and  treated  with  the  necessary  quantity  of  BaClg  in  order  to  decompose 
aU  the  sulphates  (2  grms.  of  anhydrous  barium  chloride  for  each  (French)  degree  of  permanent  hardness  and  per 
KM)  litres  of  water) ;  lime-water  is  then  added  in  such  quantity  that  after  ten  minutes  of  strong  stirring  clearly 
VMbIc  flocks  are  precipitated.  If  the  amount  of  bicarbonate  is  small  compared  with  that  of  sulphate,  the  clarifi- 
cation requires  much  more  time  because  there  is  a  lack  of  CaCO,,  which,  during  precipitation,  also  carries  down 
the  BaSO«.  This  difficulty  is  overcome  by  adding  more  Ca(OH)t  and  then  passing  COt  (flue  gas)  through  the 
water. 

To  avoid  the  formation  of  froth  in  boilers  fed  with  treated  waters,  containing  soda  and  sodium  sulphate,  the  use 
of  barium  carbonate  and  calcium  hydroxide  has  been  proposed.  The  process  would  also  yield  clear  water  in 
le«  time. 

fiohlig  (1877),  F.  Fischer  (1877),  and  Gunsberg  (1878)  treat  the  water  with  magnesitc  wliich  has  been  heated 
to  dull  rednew.  When  thrown  into  water  this  is  slowly  transformed  into  Mg(OH)|,  which  reacts  on  bicarbonates 
(but  only  completely  on  htating)  in  the  same  manner  as  Ca(OH)|.  The  magnesium  carbonate  which  is  so  formed 
r<'%ctB  by  double  decomposition  with  MgSO«.  If  the  sulphate  is  in  excess  compared  with  the  carbonate  which  is 
^  formed,  then  it  is  necessary  to  pass  C0«  (flue-gas)  through  the  water  to  convert  Mg(OH)a  into  MgOO,. 

The  employment  of  hydrochloric  acid  to  traasform  the  carbonates  into  soluble  chlorides  Ija^  also  been 
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In  no  case  ia  it  po^ble  to  completely  eliminate  the  hardneas  of  water  even  if  an  exceaa  of 
the  reagcnte  is  added,  because  the  following  reaction  is  partially  reversible  : 
CaSO,  +  Na,CO,=:CaCO,  +  Na^O,. 
AUTOMATIC  PLANT  FOR  THE  PURIFICATION  OF  BOILER-FEED  WATER. 
Many  fonna  of  plant  have  been  proposed,  but  they  are  all  based  on  the  idea  of  simultaneously 
passing  through  a  pipe  a  definite  quantity  of  water  and  a  corresponding  quantity  of  solution^; 
of  sodium  carbonate  and  time- water  in  the  proportionK  required  by  the  permanent  and  tem- 
porary hardness  of  the  water  under  treatment.    The  plants  of  GaiJIet,  Derraux,  Dthnr. 
4c.,  are  much  used.    Figs.  79  and  80  illustrate  Dervaux's  plant    The  water  passes  into 
the  vertical  pipe  E  from  the  pipe  P,  which  is  united  lo 
the  main  A.  and  is  automaticaUy  regulated  by  means  of 
Roate.     Clear  lime-water   passes   simultaneously  through 
the  tube  U.  which  is  fed  by  the  reservoir  S.     By  means 
of  the  siphon  Q  N,  sodium  carbraiate  solution  also  pasM-s 
in  from  the  vessel  B,  which  is  fed  by  the  reservoir  C. 
The  mixture  is  homogeneous  and  the  sulphates  and  car- 
bonates which  are  precipitated  collect  at  the  bottom  uf 
the     large    reservoir     D. 
and    may     be     removed 

through  the  cock  0. 
The  turbid  water  i^ 
clarified  by  passing  slowly 
and  by  a  lengthy  palh 
along  the  numerous  iii" 
clined  plates  31,  which 
arc  iixod  in  the  large 
vessel,  and  the  depowt 
continually  falls  to  Ihc 
bottom.  In  order  lo 
finally  obtain  the  water 
in  ft  perfectly  clear  con- 
dition, it  passes  through 
the  filter  F,  formed  of  a 
compact  layer  of  ijeecb- 
wood  shaviiigs,  before 
issuing  from  the  tube  T, 
The  sodium  carbonate 
solution  is  nittintainitl  al 
rio.79.  F».80.  o  o,n,Url  conecntolion 

because  there  is  always 
an  excess  of  solid  Fodium  carbonate  in  the  perforated  container  Z.  The  Itme-water  if 
.  prepared  in  the  conical  tank  S,  at  the  bottom  ot  which  quicklime  is  introduced  through 
the  tube  J,  and  the  water  entcnng  through  the  tube  V  becomes  saturated  anil 
clarified  as  it  rises  The  Snal  suspension  of  fine  calcium  carbonate  which  is  always 
preeent,  together  with  the  lime,  la  deposited  m  the  cone  K,  and  removed  through  the 
tube  O.  The  insoluble  impmnties  in  the  lime  are  removed  through  the  cock  L.  The 
eoiu'se  of  the  water  from  H  to  the  exit  T  takes  more  than  an  hour,  and  thus  it  is  well 
clanfied.  Plants  are  built  to  produce  50,  100,  and  c\en  250  cms.  of  purified  water  per  day. 
and  the  velocity  of  (he  water  in  the  plant  is  regulated  in  such  a  manner  that  it  issues  in  n 
clear  condition. 

GJaillet's  plant  is  very  similar  to  that  ot  Dcrvaui,  but  the  lateral  tank  containing  !i""' 
is  dispensed  with,  and  the  lime-water  is  prepared  in  a  small  vesfet  above  and  close  ti' 
that  in  which  the  soda  solution  is  prepared.  In  other  plants  the  vessel  in  which  the  liinc- 
waler  is  prepared  is  placed  centrally  inside  the  purifying  tower.     Some  plants,  finally. 

pmiJCMd.  tut  tlic  alight  cxri^  of  liadaiiu|i«9tliotoll(T.  ItCl  iiiuat  not  be  employed  i(  llie«mtncanulik- inw'l> 
nmgnrBluni  biurbonale,  bccuusc  Ibe  MgC\,  which  la  then  lormed  dsmt^ea  the  hollfr  it  high  tcropenturrc  he 
lihrTalh*  Iia.    It  Is  iMlviniibli'  lo  paw  wslir  ttriit«1  "ilh  IK'l  Ihmiigh  tilbp"  mntRlning  lumps  of  llniM"" 
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SK  fed  witb  the  exact  necesaaiy  quantity  of  sodium  carbonate  by  means  of  a  baobet  wheel 
Iho  velocitv  of  which  can  be  modified  as  desired. 

'  ELIMINATION  OF  ORGANIC  MATTER.  U  this  ia  suapended,  or  even  in  solution, 
ihe  use  of  metallic  iron  is  advisablo.  With  water  this  forms  ferric  hydrate,  which  separates 
almost  all  the  organic  matter.  In  1892  Piefke  proposed  to  pass  the  water  through  a  revolv- 
ing drum  containing  spongy  iron  and  iron  turnings.  In  Paris  4000  cu.  metres  of  Seine 
Baler  are  treated  per  twenty-four  hours  by  means  of  2000  kilos  of  iron  by  Anderson's 
procesa.  This  same  Anderson  process  is  also  used  at  Monaco  and  Nice.  The  organic 
matter  which  gives  water  a  yellowish  tint  ia  readily  separated  by  adding  a  powdered  mixture 
of  chalk  and  a  ferric  salt  and  then  filtering. 

SEPARATION  OF  IRON  FROM  FERRUGINOUS  WATERS.  Many  waters 
iibtained  from  the  subsoil  contain  dissolved  iron  which  is  ordinarily  in  the  state  of  bicar- 
bonate or  of  organic  compounds.  Even  if  the  liquid  is  clear  when  obtained,  it  becomes 
iipalcscent  and  then  forms  a  brown  deposit  after  standing  for  a  little  time  in  the  air.  Water 
in  this  condition  is  unpleasant  to  drink,  because  there  is  always  uncertainty  as  to  whether 
ihe  impurities  consist  only  of  iron  or  also  of  other  substances.     The  separation  of  the  iron  is 

'    not  very  easy  and  simple  aeration  ia  not  always  sufficient. 

I         During  the  last  few  years,  various  processes  have  been  invented,  but  the  best   results 

.  iiave  been  obtained  with  those  similar  te  the  type  which  we  will  describe  and  which  repre- 
^■Jila  the  plant  erected  in  1903  at  Frankfurt-on-Oder  by  the  Stiidloreiiiigungs  Gesellschaft 
of  Wiesbaden  for  ferruginous  water  obtained  from  a  peaty  subsoil.     The  water  of  these 
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r^iils,  which  is  yellowish  and  opalescent,  is  raised  by  means  of  a  pump  to  the  top  of  the  tube 
L  (Fig.  SI)  and  is  then  distributed  by  ramified  tubes  over  a  perforated  plate  A,  which 
subdivides  it  into  a  fine  spray,  on  to  a  layer  of  gaa  coke  in  large  pieces,  B,  contained  in  a  sort 
of  ntout  galvanised  iron  wire  cage  about  one  metre  high  in  such  a  way  that  the  air  circulates 
I  through  the  coke  in  every  direction,  energetically  oxidising  the  iron  dissolved  in  the  water 
and  separating  it  in  the  form  of  insoluble  oxide. 

After  passing  over  this  first  layer  the  water  is  poured  in  the  form  of  spray  over  a  second 
layer  of  coke  which  is  not  indicated  in  the  figure,  and  then,  still  as  a  spray,  D,  through 
which  much  air  passes  continuously,  it  falls  into  the  tank  G,  which  is  always  kept  full  so 
that  the  water  may  penetrate  through  the  rapid  Kriihnko  filters  full  of  sand,  issuing  as  a 
cltTir  liquid  from  the  central  tube  of  the  same  filter,  when  it  is  collected  in  the  tank  F. 

The  deposits  from  the  tank  C  are  always  able  to  escape  by  the  tube  //,  and  the  excess 
uf  imfiltered  water  passes  away  through  the  tube  0.  When  the  filters  are  obstructed, 
they  are  washed  abundantly  with  water,  whilst  being  kept  in  motion  by  suitable  tools  in 
order  te  stir  up  the  sand  of  the  filter. 

In  cases  in  which  humic  substances  are  abundant,  the  separation  of  iron 
from  the  water  is  more  difRcult  and  necessitates  repeated  treatment.  The 
separation  of  the  iron  occurs  more  easily  when  the  carbon  is  coated  with 
ferric  hydroxide,  because  it  is  thia  substance  which  acts  catalyticallj',  yielding 
oxj-gen  to  oxidise  the  humic  substances  and  continually  being  regenerated 
by  means  of  the  atmospheric  oxygen  (hence  the  aeration).    For  this  reason 
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the  addition  of  ferric  salts  to  the  filter  or  contact  medium  is  often  advised. 
We  have  seen  on  p.  106  how  the  study  of  colloidal  solutions  may  also  serve 
to  explain  this  process  of  the  separation  of  iron  from  water. 

PURIFICATION  OF  EFFLUENT  WATERS 

With  the  progress  of  chemical  industry  and  increase  of  population  in  large  centres,  the 
establishment  of  hygienic  standards  became  necessary  and  impK)rtant  for  the  protection  of 
the  public  health.  The  large  drainage  systems  of  the  cities  did  not  suffice,  because  the  sewage 
water  often  defiled  the  watercourses  and  even  carried  infection  to  great  distances.  It  was 
thus  necessary  to  have  recourse  to  a  system  of  rational  piurification  of  effluent  and  sewagr 
water.  Mere  clarification  did  not  suffice,  because  organic  matter  remained  dissolved 
and  this  easily  underwent  putrefaction  and  became  dangerous  to  vegetat.'on  and  fishes. 
Even  chemical  precipitation  is  not  always  sufficient  because  lime,  aluminium  sulphate, 
and  ferric  sulphate  or  calcium  hypochlorite  only  separate  the  coagulable  albuminoids 
and  suspended  matter,  and  the  quantities  of  sludge  which  are  produced  are  very  large  and 
are  not  willingly  employed  by  agricultiurists :  at  Leipzig  2,000,000  cu.  metres  of  effluent 
water  are  purified  in  this  way  per  annum,  consuming  8,000,000  kilos  of  iron  sulphate 
and  producing  100,000  cu.  metres  of  mud.  During  the  last  few  years  good  results  appear 
to  have  been  obtained  with  colloidal  ferric  hydroxide  in  the  proportion  of  1-1000  which  is 
completely  precipitated,  carrying  down  a  large  part  of  the  organic  matter.  True  purifica- 
tion is  only  obtained  when  all  the  organic  matter  is  decomposed  and  transformed  into 
nitrates,  N,  COj,  H,  hydrocarbons,  &c. 

Certain  micro-organisms  are  alone  able  to  produce  this  kind  of  transformation  and  it 
is  actually  to  these  that  the  decomposition  of  stable  maniu*e  distributed  on  the  fields  and  of 
the  corpses  in  the  cemeteries  is  due,  and  the  same  is  the  case  with  the  natural  purification  of 
the  waters  of  !rivers  into  which  the  sewage  of  the  cities  is  poured. 

Ternar}'  compounds  (organic  compounds  of  C,  H,  and  O)  are  more  especially  destroyed 
by  aerobic  bacteria,  which  when  present  in  water  are  obliged  to  obtain  the  oxygen  which 
they  require  from  the  organic  matter  which  is  present,  thus  decomposing  it.  Quarternary 
organic  substances  (that  is,  such  as  contain  nitrogen)  are  graduaUy  decomposed  by  various 
anaerobic  and  aerobic  bacteria,  being  first  transformed  into  albuminoids,  peptones,  and 
amino  compounds,  and  these  then  into  ammonia,  nitrites,  nitrates,  methane,  N,  H,  and  COg. 

It  is  thus  not  jeasy  to  provide  for  the  purification  of  the  immense  quantities  of  water 
which  accumulate  in  the  sewers  of  populous  cities.  One  need  only  remember  that  Paris 
with  its  system  of  "  tout  k  r<^gout  "  daily  produces  1,000,000  cu.  metres  of  sewage  water 
which  cannot  be  passed  into  the  watercourses  without  having  undergone  purification, 
because  each  litre  of  this  water  contains  1  -250  grmf .  of  dry  residue,  two-thirds  of  which  consists 
of  mineral  matter  and  one-third  of  organic  matter.  London  separates  weekly  from  80  to 
100  tons  of  bulky  detritus  and  floating  bodies  in  its  sewage  water,  and  thus  also  Milan  i  and 
all  important  cities  have  to  devise  some  method  of  purifying  the  water  from  their  sewers. 
During  the  last  quarter  of  a  century  the  favourable  results  obtained  in  Paris  and  Berlin 
by  a  simple  and  very  economical  system  of  pimfication  have  commenced  to  be  collected. 
The  sewage  water  is  distributed  over  immense  surfaces  of  cultivated  ground,  or  simply  of 
ploughed  land,  which  retain  the  fertilising  principles,  and  the  water  is  collected  at  a  depth 
of  a  few  metres  in  enormous  drainage  tubes  and  is  clear  and  relatively  pure.  The  City  of 
Berlin  has  already  devoted  to  this  purpose  11,000  hectares  (26,800  acres)  of  land,  and  in 

^  In  1904  the  sewers  of  Milan  collected  the  refuse  of  150,000  inhabitants,  the  new  drainage  works  being  still 
incomplete,  and  this  was  distributed  over  2800  hectares  of  ground  (6830  acres),  of  which  2000  formed  a  sewage 
farm.  When  the  drainage  scheme  is  complete,  an  area  of  Irrigated  ground  of  1  hectare  (2*44  acres)  will  be  used 
per  300  inhabitants.  In  1902,  however,  Menozzi  recommended  the  employment  of  1  hectare  of  ground  for  every 
00  inhabitants,  and  not  to  exceed  150  inhabitants,  in  order  to  unite  the  maximum  hygienic  advantage  with 
the  greatest  agricultural  profit.  In  1907,  5000  hectares  (12,200  acres)  of  land  were  already  used  for  the  deposition 
of  the  Milan  sewage. 

The  farms  which  are  irrigated  with  the  sewage  water  to-day  give  eight  or  even  nine  crops  per  year.  It  is  found 
advantageous  to  intcrnipt  the  irrigation  for  a  few^  days  occasionally  in  order  to  give  the  bacteria  time  to  decom- 
pose the  substances  deposited  on  the  surface  and  in  the  interior  of  the  soil.  Rigorous  inquiries  conducted  in  various 
countries  and  also  in  Milan  showthiit  the  regions  in  which  sewage  farms  are  placed  have  not  been  subject  to  any 
epidemics  proceeding  from  this  cause.  Even  the  aninu&ls  fed  on  the  fodder  from  these  meadows  do  not  suffer  any 
ill  results  (experiments  conducted  in  Berlin  in  1907).  The  ammonia,  hydrogen  sulphide,  sospended  matter  and 
alkaline  reaction  which  are  always  found  in  sewage  water  are  destroyed  by  this  purification,  and  even  the  organic 
nitrogen  and  phosphoric  acid  are  markedly  dimini.Hhed.  £fHuent«  containing  10,000,000  of  bacteria  per  c.c.  coDtain 
leit  than  400,000  after  the  third  day  of  culture. 
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Paris  a  ainaller  quantity,  3700  hectaroa  (9000  acres)  under  vegetables  and  1800  hcctarea 
(4400  acres)  of  meadow,  are  employed,  but  these  are  subjected  to  more  intense  cultivation, 
so  that  40,000  cu.  metres  of  water  are  passed  per  year  over  each  hectare  (2-44  acres)  of  land. 
But  in  order  to  avoid  saturation  or  obstruction  of  the  soil,  the  irrigation  is  interrupted 
during  twelve  hours  in  the  twenty-four,  and  for  some  days  in  the  week,  in  order  to  allow 
(he  ehe mi cal- biological  phenomena  to  take  place  more  rapidly,  because  on  these  phen 
in  which  not  only  chemical  and  mechanical  processes  but  more  especially  the  lite  p. 
of  the  aerobic  bacteria  take  part,  the  proper  purification  of  the  sewage  water  depends. 
I^icch  showed  in  1908  that  even  as  much  as  600,000  cu.  metres  of  water  per  annum  can  he 
jiasied  over  each  hectare  of  land. 

A  new  process,  called  the  biological  process,  which  has  greatly  extended  during  the  last 
few  years,  is  nothing  else  than  an  Improvement  of  that  already  described,  and  the  decom- 
position of  the  noxious  substances  is  carried  out  progressively  by  relying  upon  various 
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species  of  micro-OFganisms  at  various  periods.  In  this  way  these  co-operate  in  a  marrellous 
manner  to  perform  their  purifying  work.  We  give  a  sketch  of  an  Installation  visited  by 
Ihc  writer  in  1902  at  Grunewald,  a  suburb  of  Berlin,  creeled  by  the  Stadtereinigungs 
Oscllachaft  of  Wiesbaden,  to  purify  the  efHuent  sewage  water  from  one  part  of  the  quarter 
and  the  large  quantities  of  washings  from  the  cattle  waggons  in  the  adjacent  railway  station 
before  these  are  turned  into  the  outlet  canal. 

The  water  enters  by  the  jupe  0  into  a  sand-filter,  and  then  into  a  reservoir  of  masonry 
iiunk  into  the  ground  and  covered  by  a  vault  and  divided  into  three  chambers  (sept'C  tanks, 
Fig.  82;  section,  aspect,  and  plan).  On  passing  slowly  from  the  one  portion  into  theother,  the 
suspended  organic  matter  in  the  water  is  deposited  and  gradually  putrefies  through  the 
aclion  of  the  anaerobic  bacteria,  becoming  soluble  and  thus  more  easily  oxldisable. 
In  these  septic  tanks  only  very  small  quantities,  if  any,  of  deposit  are  left. 

The  water  is  then  distributed  alternately  to  a  lower  level  by  means  of  automatic  syphons 
»nd  perforated  tubes  on  to  bacterial  or  oxidising  beds  formed  of  tanks  of  maponiy.at  the 
bottom  of  which  are  perforated  drainage  tubes  on  which  lies  the  lirst  layer  of  30  ems.  of  gas 
wke  in  large  pieces,  then  20  cm?,  of  medium-sized  pieces,  and  then  a  third  layer  of  50  cm-'. 
of  small  coke  (5  to  30  mm.  diameter).  At  this  point  the  perforated  distributing  tubes  are 
placed,  and  are  covered  or  protected  by  a  layer  of  30  cms,  of  coarse  coal  cinders. 
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The  water  which  fills  one  of  the  bacterial  beds  remains  stagnant  for  two  or  three  hours, 
after  which  it  is  removed  by  means  of  a  syphon  on  to  a  lower  bed  constructed  in  the  same 
manner.  The  other  upper  bed  is  then  at  once  filled  with  new  water,  whilst  the  first  remains 
empty,  and  thus  aerobic  bacteria  multiply  with  the  help  of  the  atmospheric  oxygen,  nitri- 
f3dng  the  nitrogenous  organic  and  ammoniacal  matter  retained  by  the  coke  so  that  this 
is  destroyed.  Thus  the  bacterial  beds  do  not  become  obstructed  and  do  not  lose  their 
activity.  The  water  which  issues  from  the  first  upper  bacterial  beds  is  almost  clear,  and 
when  it  is  removed  from  the  lower  beds  after  about  one  and  a  half  hours  it  is  clear,  colourless, 
and  odourless ;  whilst  the  sewage  water  before  the  purification  is  blackish,  turbid,  and 
foetid.     The  water  thus  purified  is  no  longer  able  to  imdergo  putrefaction.^ 

Each  time  that  the  water  is  removed  from  the  bacterial  beds,  they  must  be  left  empty 
in  contact  with  the  air  for  one  or  two  hours,  in  order  to  revive  the  activity  of  the  oxidising 
bacteria,  and  the  work  thus  alternates  continuously  from  the  one  bacterial  bed  to  the  other. 
In  England  and  America  bacterial  beds  which  work  continuously  are  also  much  used. 
In  these  the  water  is  distributed  in  the  form  of  a  very  fine  spray,  and  it  is  thus  exten- 
sively aerated,  so  that  a  greater  effect  is  obtained  for  the  same  surface  of  the  bed.  These 
plants,  however,  are  more  costly  and  require  continual  repairs  to  the  distributing  apparatus. 

New  bacterial  beds  only  acquire  their  full  activity  after  some  weeks  in  summer,  or 
some  months  in  winter.  During  the  last  few  years  less  importance  has  been  attckched 
to  the  action  of  such  septic  tanks.  It  has  also  been  found  that  nitrifying  bacteria  develop 
quite  well  even  on  beds  of  peat. 

In  order  to  ascertain  whether  a  sewage  water  has  been  purified  by  a  biological  process  and 
has  lost  its  tendency  to  putrefy  (that  is,  to  evolve  an  unpleasant  odour  and  hydrogen 
sulphide),  Spitta  and  Weldert  in  1906  proposed  the  treatment  of  a  small  sample  with 
indonaphthol  blue  :  if  the  water  has  been  well  purified  it  does  not  decolorise  this  latter  in  five 
or  six  hours  ;  and  if  it  is  impure  it  decolorises  it  even  before  hydrogen  sulphide  is  formed. 
According  to  Fendler  and  Stiiber  (1909)  the  test  is  carried  out  in  the  following  manner : 
20  c.c.  of  the  water  imder  examination  are  treated  with  1  cm.  of  HCl,  0*3  c.c.  of  a  1  per  cent, 
solution  of  paraminodimethylaniline  sulphate  and  0*3  c.c.  of  a  1  per  cent,  hydrochloric  add 
solution  of  sublimed  ferric  chloride  (hydrochloric  acid  of  sp.  gr.  1  *125) ;  as  soon  as  hydrogen 
sulphide  is  formed  even  to  the  extent  of  0-5  mgrra.  per  litre,  the  blue  colour  immediately 
appears.     Hydrogen  sulphide  may  also  be  detected  by  means  of  lead  acetate  paper. 

DISTILLATION  OF  SEA  WATER 

During  short  voyages  vessels  carry  fresh  water  Jor  drinking  purposes  in  barrels  of  w^od, 
or  better  still,  in  iron  tanks.  But  after  some  days  the  water  putrefies ;  so  that  during 
longer  voyages^  and  in  battleships,  it  is  necessary  to  produce  it  on  board  from  sea  water 
by  distilling  this  in  apparatus  which  occupies  little  space  and  utilises  the  heat  efficiently. 
It  is  impossible  to  use  the  condensed  water  from  the  engines  for  human  consumption,  because 
it  contains  much  contamination  from  the  evil-smelling  oil  with  which  the  pistons  are  lubri- 
cated. As  distilled  water  contains  no  dissolved  air  and  is  tasteless,  it  is  advisable  to  aerate  it 
by  suitable  means.  The  vessels  of  the  German  Navj'  carry  plants  which  distil  1250, 2400,  or 
4000  litres  per  twenty-four  hours,  and  are  represented  diagrammatically  in  Figs.  83  and  84. 

They  have  two  cylinders,  A  and  B,  of  about  0*4  metre  diameter.  The  heating  and  dis- 
tillation of  the  sea  water  contained  in  ^  are  carried  out  by  a  group  of  tubes  immersed  in 
the  water  itself  in  which  steam  circulates  under  pressure.  This  steam  passes  in  through  the 
tube  d  from  suitable  boilers,  whilst  the  condensed  steam  in  e  passes  into  the  condenser  and 
water-separator  g.  The  steam  from  the  sea  water  which  is  evolved  in  A  passes  a  perforated 
copper  diaphragm,  a,  and  then  another  one,  c,  before  entering  the  delivery  tube  m,  so 
that  any  small  drops  of  water  and  traces  of  salt  carried  over  by  the  steam  are  retained 

*  Exact  experiments  conducted  under  the  auspices  of  the  Berlin  Municipality  have  shown  that  the  aewage 
water  contained  TOmgrms.  of  suspended  organic  matter  per  litre,  and  that  after  purification  it  did  not  contain  even 
1  mgrm.  Before  purification  it  contained  30  to  40  mgrms.  of  ammoniacal  nitrogen,  and  afterwards  only  0*07  mgrm. 
The  dissolved  organic  matter  before  purification  reduced  from  120  to  147  mgrms.  of  potassium  permanganat-e  per 
litre,  whilst  after  purification  only  18  to  22  mgrms.  were  required.  The  number  of  bacteria, which  at  first  averaged 
1,000,000  per  c.c,  was  afterwards  about  45,000.  Tlie  quantity  of  nitrates  was  increased  in  the  process  through 
nitrification  by  the  aerobic  ferments. 

In  the  case  of  epidemics  it  is  advisable  to  subject  such  water  to  .sterilisation  by  means  of  osone  (see  Osone) 
in  order  to  completely  destroy  ^he  pathogenic  bacteria.  This  can  be  carried  out  at  a  cost  of  about  one-third  of  a 
penny  per  cubic  metre  in  the  case  of  large  installations,  or  even  more  economically  by  means  of  small  quant  It  iei 
of  calcium  hypochlorite. 
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The  steam  condc-niiea  in  the  group  uf  tubus  m  of  the  refrigerator  fi,  and  the  wut^r  is  collected 
in  p,  together  with  the  hot  water  proceeding  from  the  condenser  g,  through  the  tube  i>. 

The  water  thus  condensed  is  completely  cooled  by  the  other  group  of  tubes,  o,  and  isHUes 
from  the  tower  tube  r  in  order  to  be  used  or  to  be  poaned  through  a  carbon  filter,  llio 
water  from  the  cooler  enters  cold  from  the  tube  >,  and 
escapes  hot  from  the  tube  k,  after  which  it  serves 
to  increase  the  water  supply  in  A  as  f&st  as  it  is 
distilled.  The  air  which  is  developed  by  the  water 
in  the  refrigerator  escapes  from  the  tube  t,  and  is 
conducted  into  A,  where  it  mixes  with  the  vapours 
of  the  distilled  water  and  remains  dissolved  in  them 
after  condensation.  The  winter  thus  obtained  no 
longer  has  the  disagreeable  taste  of  boiled  non- 
aerated  water. 

Pamphlette  (Ger.  Pat.  47,210  of  1888)  distils 
sea  water  under  reduced  pressure  and  aerates  it 
simultaneously. 

H.  Fergusoa  (Ger.  Pat.  53,397  of  1889)  employs 
steam  dried  before  condensation,  as  otherwise  the 
water  has  no  taste. 

DISTILLED  WATER 

For  laboratory  use  and  also  for  certain  industries 
chemically  pure  water  is  required  and  is  obtained  by 
distilling  ordinary  wcler  with  suitable  precautions. 

The  distillation  is  enrried  out  in   tinned   copper 
boilers,  furnished  with  a  special  still-head  and  with 
FiQ.  83.  a  serpentine  cooler  of  block 

tin.  Violent  boiling  is  avoided 
in  order  to  prevent  the  steam  from  carrying  over  impurities. 
The  first  portion  of  the  distillate  is  rejected  because  it  contains 
carbon  dioxide  and  ammonium  carbonate,  which  are  recognised  by 
the  turbidity  which  they  produce  with  a  solution  of  lead  acetate. 
If  the  water  contains  magnesium  chloride,  a  little  lime  is  added 
before  distillation  in  order  to  prevent  hydrochloric  acid  from 
distilling.  In  this  case,  however,  the  first  portion  of  the  distillate 
iit  rejected  because  it  contains  ammonia  from  the  ammoniacal  salts : 
Ihe  remainder  of  the  distillate  is  pure  water.  But  it  is  necessary 
to  leave  the  last  portion  of  the  water  (about  a  quart^^r)  undistilled, 
because  certain  organic  substances  commence  to  decompose,  yield- 
ing impure  distilled  water. 

Stas  added  4  to  6  per  cent,  of  a  concentrated  solution  of 
potassium  permanganate  to  the  water.  He  then  let  it  stand  for 
twenty-tour  hours  and  added  a  further  1  to  2  per  cent,  of  polassium 
manganate  solution,  and  sometimes  a  further  quantity  of  fairly 
concentrated  potassium  hydroside  solution  (in  order  to  obtain  a 
slower  decomposition  of  the  permanganate)  before  distilling.  At 
the  commencement  of  ebullition  the  heat  supply  was  moderated 
because  much  foam  naa  at  first  formed.  After  the  twentieth  part 
of  the  water  bad  passed  over  he  commenced  to  collect  pure  dis-  Fia.  S4. 

tilled  water  free  from  organic  matter.     In  order  to  obtain  water 

absolutely  free  from  inorganic  matter,  the  still-head  should  be  provided  with  dia- 
phragms which  retain  the  particles  of  water  and  salt  carried  over  by  the  steam. 
Distilled  water  has  at  first  a  special  odour  which  it  loses  on  standing  in  the  air  or 
filtering  through  wood-charcoal  which  has  been  previously  heated  to  redness.  It  should 
leave  no  trace  of  residue  on  evaporation,  should  not  become  turbid  with  silver  nitrate 
or  lead  acetate,  and,  in  fact,  should  not  give  any  chemical  reaction  which  points  to  the 
presence  of  impurities.     Those  tests  are  made  on  water  after  boiling,  W  remove  oarbon 
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dioxide  which  may  havo  been  absorbed  from   the  air,  and  which   reocta  with  Kiivcr  and 
lead  salts. 

In  the  apparatus  illustrated  in  Fig.  S5,  we  sco  the  boiler  a.  which  is  filled  to  two-thir<ls 

of  ita  capacity  with  hot  water  coming  from  the  upper  part  of  the  receiver  /  through  the 

cock  e.     The  water  is  heated  by  indirect  steam  under  pressure,  which  circulates  in  a  coil,  g, 

terminating  in  a  throttle- valve  under  the  boiler.     The  steam  which  distils  escapee  through 

r  and  is  made  to  follow  a  tortuous  pr.th  before  it  rrrives  at  the  coil  of  the  condenser  /-     By 

this  means  the  impurities  and  water-spray  carried 

up  by  the  boiling  liquid  are  retained.     The  boiler 

is  occasionally  emptied  tbiougb  the  lateral  cock,  so 

that  no  deposit  may  be  formed. 

The  condenser  water  enters  from  the  cock  h 
below  and  escapes  above  where  it  is  very  hot  from 
the  tube  A.  The  pure  distilled  water  issues  cold 
from  the  tube  g.  By  means  of  a  similar  plant  on 
a  largo  scale  as  much  as  a  thousand  litres  and  more 
of  distilled  water  are  produced  per  day. 

In  chemical  laboratories  an  apparatus  similar 
'  to  tliftt  illustrated  in  Fig.  86  is  often  used,  in  which 
steam  from  a  water-bath  is  used  which  heats  a  steam 
oven  with  double  walls  for  drjdng  chemical  pre- 
parations. The  heat  supply  takes  the  form  of  an 
ordinary  stove  which  is  heated  with  coal  or  wood. 
Fio.  85,  NATURAL  MINERAL  WATERS.     It  is  im- 

possible to  explain  what  may  bo  called   a   minentl 
water  to-day.     The  current  definition  is  debased  by  the  influence  of  other  than  scientific 
factors.     Commercialism,  unscrupulous  doctors,  and  complacent  or  interested  chemists,  all 
take  part  in  the  trade  of  the  miracle -mongers  and  apv(>  to  deceive  once  more  ttat  larger 
part  of  the  world  which  always  consists  of  fools. 
In    the    past    those    waters    were    always    called 
mineral  waters  which  were  not  polluted  and  con- 
tained an  excess  of  mineral  salts,  at  least  1  grm. 
per  litre ;  or  which  contained  certain  substances, 
such  as  aracnic,  lithium,  iodine,  and  COj,  to  which   ' 
definite  therapeutic  effects  were  attributed.     To- 
day waters  are  considered  to  be  mineral   waters 
when  they  oidy  contain  \  grm,  per  litre  of  mineral 
residue,   and   alchemistic    traditions    have    been 
revived   by  attributing  to   these   a  definite  and 
specific  therapeutic  action.     If  in  the  valuation 
of  mineral  waters  a  rigorous  sj-stcm  were  to  bo 
followed,    including    positive     and    indisputable 
evidence  of  their  medical  effects,  then  very  few  of 
the  innumerable  waters  of  to-d.iy  would  survive. 
After   these   considerations  wo.    may  say  that 
the  compaiition  of  the  so-called  natural  mineral 

watJ^rs  is  viTV  varied  and  that  in  Tnany  cases  their  I 

temperature  is  very  high,  [,■,„  ^^ 

Amon^   the  many   passible  classifications  we 
may  choose  the  following,  not  taking  into  aeconnt  the  factor  of  radio-activity   which    I 
hoH-ever  appears  to  be   present  ia  a  greater  or  less  extent  in  almost  all  mineral  waters,    . 
and  the  effects  of  which  are  still  somewhat  dcubt'iil,  although  an  explanation  has  thus  been    ' 
sought  for  the  therapeutic  deficiency  of  waten  nni^ining  small  amounts  of  salts.  | 

We  must  remark  thnt  to-day  it  is  believed  t.>  i-  ■  n-^tible  to  distinguish  natural  mineral  I 
waters  from  artificial  imitations  by  means  of  their  ilii  cront  electric  conductivity  and  of  the  ' 
radio-activity  of  fome  of  them.     But  both  factors  can  also  be  imparted  artificially.  I 

I.  Alkaline  Mineral  Waters.  These  contain  much  soda  and  CO,  and  few  "alkaline  , 
e^Tths,  NnjSO,.  and  XnCl.'  | 

(fl)  Simji^-UWirHl^i-..— Tlir«.mnl»inlHtlpiiolidri«ldiifsnilnotl™th»nlOOt^^  ' 
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II.  Glauber  Salt  Waters  with  much  Na2S04,  together  with  NagCOj  (Karlsbad, 
Eertrich,  Marienbad,  Salzbrunn,  salt  springs  of  Franzensbad,  &c.). 

UL  Chalybeate  Waters.     These  contain  at  least  0-06  grm.  of  iron  salts  per  litre.^ 

IV.  Salt  Water  containing  much  NaCl  and  other  chlorides  and  few  sulphates  and 
carbonates.^ 

V.  Bitter  Waters  containing  MgS04  and  Na2S04.  These  are  found  at  Piilna, 
Saidschutz,  Sedlitz,  Birmanstorf,  Miilligen  (Switzerland),  Friedrichshall. 

VT.  Sulphuretted  Waters.  These  contain  sulphides  and  smell  of  HjS  :  Stackelberg, 
Bagn^res  de  Luchon,  St.  Sauven,  Tabiano,  Albano,  &c. 

VII.  Springs  which  are  simply  Hot :  Thermal  and  Indifferent.  These  contain 
little  dissolved  material  but  have  elevated  temperatures  (more  than  24°).  These  tem- 
peratures are  at  Plombi^re,  19°  to  65°  ;  Tropuszko,  49°  to  65°  ;  Warmbrunn,  35°  to 
40°  ;   Ragaz,  35°  ;  Johannisbad,  29°  ;   Wiesbaden,  &c. 

Certain  nuneral  waters  included  in  I.  and  VL  are  hot,  for  instance,  those  of  Vichy, 
which  have  a  temperature  of  32-3°  ;  Karlsbader  Sprudel,  74°  ;  Kochbrunner,  69°. 

Some  waters  contain  special  metals,  for  example,  that  of  Los  Banctos  in  Chili  contains 
0*322  grm.  of  LiCl,  and  that  of  Salsomaggioro  0*735  grm.  Certain  waters  contain  bromine 
and  iodine  {see  preceding  Note).  The  water  of  Roncegno  contains  notable  quantities  of 
arsenic  (0*124  grm.  AsjOg  per  litre). 

Other  waters  contain  a  large  amount  of  silicates. 

All  these  mineral  waters  are  consumed  to  a  great  extent  on  the  spot  in  delightful  spas, 
which  contribute  more  than  a  little  to  the  therapeutic  efficiency  of  the  treatment ;  and  a 
part  is  placed  on  the  market  in  sterilised  and  well-closed  bottles,  and  then  forms  those 
much-extolled  table  waters  which  are  as  much  the  subject  of  the  play  of  fashion  as  are  the 
large  bonnets  of  the  ladies  ! 

A  large  trade  in  mineral  waters,  natural  and  artificial,  is  conducted  in  Italy  and  to  a 
still  greater  extent  in  France  and  in  Germany.  In  1905,  9807  tons  were  imported  by 
Germany  of  the  value  of  £140,000  and  47,873  tons  were  exported  of  the  value  of  £359,050. 
In  1904  Italy  imported  2662  tons  for  £32,000  and  exported  1700  tons  for  £16,700.  In  1908 
3304  tons  were  imported  for  £42,296  and  4231  tons  exported  for  £40,620. 

Two-thirds  of  the  Italian  imports  come  from  Austria-Hungary. 

ARTIFICIAL  MINERAL  WATERS.  These  are  imitations  of  the  better  quality 
natural  mineral  waters,  but  are  distinguished  from  these  by  lack  of  radio-activity,  by 
their  different  electric  conductivity  and  cryoscopic  behaviour  (see  p.  85).  This,  perhaps, 
also  explains  their  different  therapeutic  value.  But  as  we  have  already  said  one  has  now 
succeeded  in  imparting  these  properties  artificially.^     All  types  of  mineral  waters  are  manu- 

(&)  Aeid'Alkaline,  These  contain  much  Na,COs  and  COs  and  few  other  salt«  (Vichy,  Mont  Dore,  Neuenahr, 
CbBudes-Aigues,  Bilin,  Preblau,  &c.). 

(r)  Acid-AlkalvM  Muriatic.  These  contain  Na,COa  and  NaCl  (Ems,  Selters,  Gleichenberg,  Wellbach,  Luhatz- 
schowiii  (iodine  and  bromine),  Krankenhcil,  &c.). 

'  (a)  Pure  Acid  Chalybeate.  These  contain  few  salts  and  much  CO,  (Schwalbach,  Spaa,  Altwasor,  Brflckenau, 
K5nlgwcrth  (Carolina  springs  at  Marienbad),  Frejcnwaldc.  Kccoaro,  &c.). 

ib)  Saline  Alkaline  Acid  Chalybeate.  These  contain  FcCO,  and  Na,COa,  Na,SO«  and  CO,  in  large  amounts  (Fran- 
xensbad,  Elster,  Cudowa,  Flinsberg,  Ac). 

{€)  Saline  Acid  Chalybeate.  These  contain  FeCO,,  CaCO,  and  Ca.SO«  (Pyrmont,  Driburg,  Griesbach,  St.  Moritz, 
Chariottenbrunn,  Contrex6\illc,  &c.). 

(d)  Chalybeate  Waters  containing  FeSO^.  These  arc  found  at  Alexisbad,  Muskau,  Mitterbad,  and  Ratzer  in 
Tyrol,  Parad  in  Hungary,  &c. 

*  (a)  Simple  Saline  Waters  icith  little  NaCl  (Kiasongen,  Homburg,  Kronthal,  Ncuhaus). 

(6)  Saline  Waters  containing  much  NaCl.  These  are  found  at  Nauhcim,  Soden,  Ileichenhall,  Wittekind,  Suiza, 
Frankenhausen.  and  Hall  near  Innsbnick-Salzhausen.  * 

(f)  Bromo-Iodo  Saline  Waters.  These  contain  much  I  and  Br  in  the  form  of  iodides  and  bromides  of  Na,  K, 
Mg  (Krenznach,  Elmen,  DUrkheim,  Hall  in  Austria,  Salzbrunn,  Wildoi^g,  Bassen,  Salice,  Sal^maggiore,  Abano,  &c.). 
The  bromo-iodo-saline  water  of  Salsomaggiore  is  collected  from  artesian  wells  700  metres  deep.  Its  temperature 
is  14""  and  it  has  a  density  of  16"  B6.  It  contains  178-88  grm.  of  dry  residue  per  litre  consisting  of  154  grm.  NaCl, 
0-735  Lia,  0-637  NH4a,  15*848  C^a,.  0'255  SrCl,,  5-584  Mgna,  0033  FeCl,.  0059  AlCl,,  00057  Mna,.  0304 
MgBr«,  0*066  Mgl,.  0012  MgB407,  0078  Fe(HCO,)„  0603  SO^Sr.  0023  SiO,  (Nazini  and  Anderlini  1898);  it  is 
one  of  the  richest  waters  in  bromine  and  iodine  in  the  world,  and  the  richest  in  the  world  in  strontium  and 
lithium. 

•  The  unit  of  measurement  of  the  radio-activity  of  mineral  waters  was  proposed  by  Mache  in  1904.  The  quan- 
tity of  emanation  from  1  litre  of  the  water  was  determined  by  passing  through  it  a  definite  volume  of  air,  in  which 
an  electroscope  at  a  definite  voltage  was  placed.  The  rapidity  of  decrease  of  the  voltage  during  one  hour  was 
then  determined.  This  diminution  of  voltage,  after  suitable  corrections,  was  re-calculated  into  electrostatic  units 
and  then  multiplied  by  1000.  If.  for  example,  the  quantity  in  electrostatic  units  corresponded  to  0,000,000,000,33 
amps.,  the  unit  proposed  by  Mache  would  be  a  thousand  times  smaller.  The  Fontactoscope  is  an  apparatus  which 
may  be  definitely  used  for  these  determinations  at  the  spring  on  the  spot. 

Artificial  mineral  waters  are  rendered  radio-active  by  immersing  an  insoluble  radium  salt  in  them  ;  for  example, 
the  anlphate  of  radium.  The  most  active  mineral  waters  are  tliose  of  the  ancient  Koman  fountain  in  the  island 
of  Ischia  (3800  unite) ;  those  of  Joacbimstal  in  Bohemia,  which  show  14,000  units ;  of  Baden-Baden,  with  10,00i 
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facturcd  on  a  very  large  scale,  and  apart  from  their  therapeutic  properties,  a  guarantee 
of  the  purity  of  the  Bubstancea  employed  is  neceiwary. 

The  first  scientifle  factory  for  mineral  waters  was  founded  on  a  scientific  basis  in  1821 
by  Dr.  Struve  at  Dresden,  who  recognised  the  importance  of  CO,  for  keeping  salts  in 
solution  which  would  otherwise  be  less  soluble  or  quite  insoluble  in  water.  The  pre- 
servative action  of  CO,  was  known  to  him,  and  to-day  the  dissolved  air  is  always  expelled 
from  the  water  in  order  that  it  may  keep  better.  The  pessimistic  objoctioDS  to  ortilicial 
mineral  waters  have  now  disappeared,  and  when  these  are  properly  prepared  the  same 
effect  can  in  many  cases  be  produced  as  with  a  natural  spring.  After  the  year  1880 
the  manufacture  of  such  waters  underwent  pxtroordinary  dcvelopmenta  by  the  application 
of  liquid  carbon  dioxide  ;  but  even  of  the  artificial  wat«rs  it  must  be  said  that  their  success 
is  often  merely  due  to  commercial  speculation  based  on  advertieement. 

For  the  preparation  of  table  water  as  a  mere  beverage,  a  good  potable  water  suffices, 
te  which  a  little  sodium  chloride 
or  carbonate  is  added,  aft«r 
which  it  is  saturated  with  carbon 
dioxide  under  pressure. 

For  the  preparation  of  medical 
mineral  waters  it  is  necessary  to 
employ  pure  distilled  or  sterilised 
water,  which  is  mixed  with  the 
required  salts  and  saturated  with 
carbon  dioxide  at  a  pressure  of  five 
atmospheres.  It  is  then  placed 
in  sterilised  bottles  with  pure 
sterilised  stoppers  and  kept  at  a 
pressure  of  IJ  to  2  atmospheres. 
The  carbon  dioxide  is  pre- 
pared from  magnesite  or  marble, 
and  occasionally  from  bicar- 
bonates,  which  are  treated  with 
commercial  sulphuric  acid,  and 
it  is  then  washed  with  water, 
ferrous  sulphate,  sodium  bicar- 
bonate, and  sometimes  with 
permanganate  solution  {in  order 
■"'"  to  remove  odorous  organic  com- 

pounds). 
To<lay,  however,  the  use  of  liquid  carbon  dioxide  has  become  general,  as  this  is  purer 
and  more  convenient,  and  is  already  under  pressure  (tee  belou).  Preparation  of  Liquid 
Carbon  Dioxide). 

A  simple  type  of  apparatus  for  the  saturation  of  mineral  waters  or  saline  solutions 
with  carbon  dioxide  is  illustrated  in  Fig.  87,  A  is  the  cylinder  of  liquid  carbon  dioxide, 
and  by  means  of  the  valve  the  expansion  cylinder  B  is  filled  from  thi?  with  gaseous  CO,, 
until  a  pressure  of  five  atmospheres  is  indicated.  The  CO,  is  then  passed  through  the 
cocks  6  and  c  into  the  mixed  salts  and  water  contained  in  (',  which  it  saturates  ;  the 
absorption  is  accelerated  and  increased  by  violently  oscillating  the  vessel  C  or  by  the  u.* 
of  an  automatic  agitator  inside  which  is  actuated  from  without.  If  a  pressure  regulator 
is  attached  to  the  cylinder  A,  the  expansion  cylinder  ii  may  be  dispensed  with.  Ih  the 
figure  wc  see  how  the  mineral  water  is  introduced  into  the  hollies  by  means  of  a  special 
cock  which  simultaneously  drives  in  the  stopper. 

In  many  establishments  sterilised  water  is  employed  instead  of  using  ordinary  drinking 

Water  saturated  with  compressed  oxygen  is  also  being  gradually  introduced  to-day. 

llclsllj'  lor  drinkiug  purpft.-s  bIiow  10,000  mi[t-,  and  tlioer  used  tor  bulliitnj 


ICE   AND    FREEZING   MIXTURES  229 

ICE  AND  FREEZING  MIXTURES 

We  have  already  studied  the  behaviour  of  water  at  low  temperatures 
and  have  seen  what  happens  during  the  separation  of  ice.  Before  speaking 
of  natural  and  artificial  ice,  which  is  in  general  use  for  the  production  of  low 
temperatures  for  varied  industrial  and  hygienic  purposes,  we  will  say  a  few 
words  on  artificial  methods  of  producing  cold. 

FREEZING  MIXTURES.  These  are  ordinarily  formed  of  salts  or  of 
saline  mixtures  which  on  dissolving  in  water  produce  a  strong  lowering 
of  temperature.  This  diminution  of  temperature  is  generally  greater  with 
the  increase  of  the  following  factors  :  the  heat  of  solution  (that  is,  the  heat 
required  by  the  salt  during  solution),  the  solubility  of  the  salt,  and  the  con- 
centration of  the  resulting  solution,  and  therefore  also  the  freezing-point 
of  this  latter ;  the  limit  of  maximum  refrigeration  is  given  by  the  freezing- 
point  of  the  saturated  solution. 

Mixtures  of  salts  produce  greater  temperature  depressions  than  do  simple 
salts,  because  they  dissolve  in  less  water  and  therefore  give  more  concentrated 
solutions.  The  saline  mixtures  should  be  well  powdered,  and  the  ice  should 
be  well  pounded  in  order  to  obtain  a  maximum  cooling  effect. 

With  a  mixture  of  5  parts  of  HCl  and  8  parts  of  Glauber  salt  (crystallised  sodium 
sulphate)  a  lowering  of  the  temperature  by  28°  may  be  obtained.  With  1  part  of 
sodium  chloride  and  .3  parts  of  powdered  ice  or  of  snow,  a  refrigeration  of  21°  is  obtained 
(if  in  this  case  the  initial  temperature  is  0°  a  temperature  of  -21°  may  be  obtained). 
W^ith  5  parts  of  ammonium  nitrate,  I  part  of  ammonium  chloride,  and  3  parts  of  water, 
the  temperature  is  lowered  by  30°.  On  mixing  crystallised  calcium  chloride  (not  the  fused 
substance)  with  water,  the  temperature  is  lowered  by  48-5°.  With  3  parts  of  ammonium 
chloride,  2  parts  of  potassium  nitrate,  and  10  parts  of  water,  the  temperature  is  lowered  by 
26°.  If  to  this  last  mixture  4  parts  of  Glauber  salt  are  a^ded,  the  diminution  of 
temperature  amounts  to  32°.  With  15  parts  of  potassium  sulphocyanide  and  10  part?  of 
water  a  temperature  depression  of  34°  is  obtained. 

Freezing  mixtures  are  only  employed  to  a  limited  extent  in  laboratories  and  in  certain 
small  special  industries.  For  large  industrial  operations  natural  ice,  or  more  especially 
artificial  ice  and  large  freezing  machines,  arc  to-day  used.  Since  1870  these  have  been 
greatly  improved,  so  that  they  have  to-day  reached  a  high  degree  of  perfection. 

The  theoretical  explanation  of  the  behaviour  of  freezing  mixtures  is  given  by  the 
following  considerations :  when  a  salt  is  dissolved  in  water — apart  from  the  phenomena 
of  ionic  dissociation  (which  occur  in  dilute  solutions,  whilst  we  have  to  do  with  concentrated 
solutions) — the  lowering  of  the  freezing-point  of  the  solvent  is  the  greater  the  more  salt 
has  been  dissolved  (cryoscopy).  The  maximum  lowering  of  the  freezing-point  corresponds 
to  the  freezing-point  of  the  solid  solution,  and  is  nothing  less  than  the  multiple  point  {see 
phase  rule,  p.  115)  of  a  system  in  complete  equilibrium,  and  in  this  case  it  is  also  called  the 
cryohydric  or  eutectic  point. 

Furthermore,  on  dissolving,  the  salt  produces  a  cooling  effect  which  is  the  greater  the 
greater  is  its  heat  of  solution.  This  rule  is  a  deduction  from  Le  Chatclier's  principle  (p.  61 ) 
or  more  exactly  from  the  principle  of  mobile  equilibrium  enunciated  and  mathematically 
demonstrated  by  Van't  Hoff  in  order  to  explain  many  important  phenomena. 

This  principle  says  that  any  displacement  of  the  factors  regulating  a  system  in  equili- 
brium produces  transformations  in  the  system  which  counteract  the  action  of  the  modifying 
factor. 

In  accordance  with  this  rule  of  antithesis,  salts  which  dissolve  in  the  cold  with  develop- 
ment of  heat  are  less  soluble  or  little  more  soluble  on  heating,  for  example,  sodium 
chloride,  calcium  hydroxide,  calcium  sulphate  and  sodium  sulphate  ;  whilst  on  the  other 
hand  bodies  which  dissolve  in  the  cold  with  absorption  of  heat,  for  example,  potassium 
nitrate,  are  more  soluble  hot  than  cold  ;  the  solubility  is  the  greater  as  the  absorption  of 
heat  is  greater.  Consequently  the  amount  of  cold  produced  on  dissolving  a  salt  in  water 
is  greater  as  its  solubility  is  greater.  We  have  thus  shown  the  strict  connection  between 
Bolubility  and  heat  of  solution. 
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The  heat  of  solution  in  these  cases  is  given  by  the  rise  of  temperature  necessary  in 
order  to  dissolve  a  further  quantity  of  salt  in  a  saturated  solution.  When  in  fact  we  have 
a  system  formed  of  a  saturated  solution  in  presence  of  an  excess  of  solid  salt,  then  on 
lowering  the  temperature  a  certain  quantity  of  salt  ordinarily  separates,  and  in  order  to  be 
able  to  dissolve  a  further  quantity,  the  same  quantity  of  heat  is  necessary  which  had  been 
first  removed.  Thus  the  more  salt  dissolves  in  a  solution,  the  stronger  will  be  the  absorp- 
tion of  heat. 

If  we  add  ice  to  a  system  formed  of  a  solid  salt  and  its  saturated  solution  at  0",  the 
system  is  no  longer  in  complete  equilibrium,  because  the  freezing-point  of  the  solution 
saturated  at  0°  (cryohydric  point)  is  much  lower,  and  in  order  to  reach  it  the  temperature 
must  be  depressed.  But  this  is  possible  if  the  ice  melts,  because  on  melting  it  absorbs 
heat  (80  cals.  per  kilo).  Thus  if  ice  and  salt  are  present  in  suflficient  quantities  to  maintain  , 
the  solution  in  a  state  of  saturation,  then  as  the  ice  melts  it  will  gradually  continue  to 
lower  the  temperature  until  the  freezing-point  of  the  saturated  solution  (cryohydric  point) 
is  reached.  Complete  equilibrium  is  then  attained,  and  then  only  are  the  ice  and  salt 
able  to  co-exist. 

ICE,  the  properties  of  which  we  have  already  studied  on  p.  205  et 
seq.,  is  employed  in  breweries,  spirit  distilleries,  paraffin  works,  margarine 
factories,  chocolate  works,  coal-tar  colour  works,  dyeworks,  dairies,  cheese 
factories,  sugar  refineries,  the  preparation  of  Glauber  salt  MgS04  and  NaCl  from 
solutions,  and  generally  for  many  crystallisations.  It  is  also  much  used  on 
vessels  and  railway  waggons  carrying  carcasses  and  foodstuffs  in  general. 
Refrigerating  chambers  are  to-day  also  used  for  the  preservation  of  dead 
poultry  and  eggs  (see  vol.  ii,  **  Organic  Chemistry  ''). 

Thus  the  industrial  use  of  ice  on  a  large  scale  has  developed  in  an  extra- 
ordinary manner  during  the  last  few  years.  Ice  which  is  to  come  in  contact 
with  foodstuffs  or  beverages  should  correspond  to  all  the  requirements  of  a 
potable  water. 

NATURAL  ICE .  During  their  mild  winters  southern  countries  import  large  quantities 
of  natural  ice  from  more  northern  climates.  In  North  America  especially  a  regular 
industry  of  this  kind  exists  with  suitable  and  perfected  machinery  for  obtaining  natural 
ice,  especially  from  the  frozen  lakes. 

By  means  of  a  kind  of  planing  machine,  about  2J  cm-\  of  the  surface,  which  is 
impure,  is  removed  ;  a  traction-engine  is  then  employed,  which  carries  several  circular 
saws  on  an  axis,  and  these  saw  through  the  mass  in  directions  at  right  angles,  to  form 
large  blocks  of  ice  containing  individual  subdivisions  which  still  adhere  slightly  (about 
100  subdivisions  to  each  block).  Large  cubes  arc  thus  separated  which  can  be  broken 
up  with  chisels  and  carried  to  the  coast  for  transportation  to  South  America  and  even  to 
Australia. 

There  are  a  very  few  similar  plants  of  less  importance  in  Europe.  That  of  the  Nord- 
deutsche  Ice  Works  in  Berlin  produced  30,000  tons  of  ice  in  the  winter  of  1871. 

Norway  supplies  large  quantities  of  ice,  which  are  quarried  from  its  glaciers  by  working 
them  much  in  the  same  manner  as  a  mine.  This  is  exported  to  England  in  large  quantities 
at  a  price  varying  from  2^.  to  2^.  (yd.  per  ton  at  the  port  of  shipment.  In  1901  346,000  tons 
were  exported,  and  285,000  tons  in  1902. 

In  France  more  than  one  million  tons  of  ice  are  consumed  annually,  of  which  the  bulk  is 
natural  (850,000  tons),  60,000  tons  of  which  are  imported  from  Norway  to  the  value  of 
more  than  £40,000  at  their  destination. 

Ice  was  at  one  time  stored  in  cellars  or  ice-houses  underground,  which  were  costly  and 
inconv^enient.  To-day  ice-houses  are  built  above  ground  with  double  wooden  walls 
between  which  insulating  material  is  placed  such  as  sawdust,  peat,  or,  still  better,  rice  chaff. 
Double  walls  of  masonry  vAso  suffice,  and  in  that  case  the  insulating  layer  is  formed  of  air. 
The  doors  are  double,  with  a  northern  aspect,  and  the  ice  rests  on  a  perforated  false  floor 
BO  that  it  may  not  be  in  contact  with  the  water  produced  on  melting,  which,  if  not  separated 
and  removed  by  a  syphon  tube,  would  accelerate  the  melting  of  the  ice.  All  access  of  air 
from  outside  is  avoided  as  far  as  possible  in  order  to  preserve  the  ice,  because  the  external 
air  is  always  warmer  than  that  inside  the  ice-house. 
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[  ARTIFICIAL  ICE.  Machines  for  the  production  of  ice  or  artificial  cold 
are  based  on  the  principle  of  the  absorption  of  heat  which  occurs  on  rapidly 
evaporating  a  cold  and"  easily  volatile  liquid,  for  example,  ether  boiling  at 
35°,  ammonia  at  — 33*5°,  sulphur  dioxide  at  —8'',  carbon  dioxide  at  —78°, 
and  even  water  (Carre's  machine). 

Another  t^'pe  of  machine,  on  the  other  hand,  is  based  on  the  cooling  effect 
produced  by  a  strongly  compressed  gas  when  this  is  allowed  to  expand  rapidly 
(for  instance,  air). 

The  boiling-point  of  a  liquid  is  raised  when  this  is  exposed  to  pressure, 
and  is  lowered  when  the  pressure  is  diminished.  In  some  ice  machines  the 
heat  of  evaporation  is  abstracted  from  the  evaporating  licjuid  itself  by  pre- 
venting access  of  heat  from 
without,  and  the  liquid  then 
becomes  the  colder  the  less  the 
pressure  and  the  lower  its  boiling- 
point,  because  a  small  reduction 
of  the  pressure  then  causes  great 
evaporation  of  the  liquid.  The  rea- 
son why  the  most  intense  degree 
of  cooling  is  produced  by  liquid  *  |^ 
carbon  dioxide  is  thus  explained  "^ 
because  this  boils  at  the  lowest 
temperature.  Ammonia,  methyl 
chloride,  methyl  ether,  and  sul- 
phur dioxide  follow  in  order  of 
efl&ciency.^ 

The  chemical  analysis  of  ice  is  the 
same  as  that  of  water,  but  one  need 
not  consider  the  ammonia  which  may    p 
have   been   absorbed   from  the  atmo- 
sphere of  the  works. 

Ice  machines  using  ammonia. 
In  actual  practice  ice  machines  make 
use  either  of  ammonia,  of  liquid  sul- 
phur dioxide,  or  of  liquid  carbon  dioxide.  The  machines  which  are  most  used  arc 
those  of  Linde  using  ammonia,  which  are  constructed  of  the  following  parts,  represented 
diagrammatically  in  Fig.  88.  The  compressor  (7  is  a  pump  with  inlet  valves,  Va, 
and  outlet  valves,  Vp,  The  necessary  quantity  of  ammonia  is  first  introduced  into  the 
machine  by  temporarily  uniting  the  valve  Va  with  a  bomb  of  pure  liquid  ammonia  free 
from  water,  which  is  placed  on  the  market  by  various  works.  The  gasified  ammonia  is 
gradually  compressed  by  the  compressor  C  into  the  tube  T,  which  terminates  in  a  very 
long  spiral  surrounded  by  water  which  circulates  continuously  in  the  tank  Z>,  called  the 
condenser,  in  order  to  cool  the  ammonia  which  is  heated  by  the  compression.  In  this  way 
liquid  ammonia  accumulates  in  the  lower  part  of  the  coil  of  the  condenser  and  is  gradu  jlly 

*  The  Theory  of  the  Ice  Machine. — The  refrigerating  power  of  a  macliinc  is  given  practieally  by  tlie  number  of  fruj- 
oriee  which  it  produces  per  hour,  tliat  is,  by  the  nuiiibcr  of  calories  which  it  abstracts  from  the  bodies  to  be  euolcd. 
The  frifforie  is  nothing  else  than  the  negative  calorie.  The  yield  of  the  freezing  machine  is  cxpr(•^!*^'d  by  tin*  rela- 
tion between  the  work  which  it  consumes  and  the  heat  abstracted  from  the  substances  to  be  cooled.  For  a  per- 
fectly reversible  machine  working  between  the  temperature  limits  Ti  and  2\,  the  yield  i-.  the  ::reater  the  smaller 
the  difference  between  these  limiting  temperatures.  For  the  production  of  ice  it  would  therefore  be  best  if  the 
lower  limiting  temperature  were  not  much  inferior  to  0%  apart  from  the  meclianical  ditllculties  of  an  ca>y  inter- 
change of  heat  between  the  water  to  be  frozen  and  the  brine  which  circulates  in  the  apparatus.  The  (|uaiitity  of 
heat  Qa  fn  calorics  abstracted  from  a  kilo  of  water  at  -1-  ("*  in  order  to  transform  it  into  I  ktlo  of  ire  at  —  f, 
is  given  by  the  following  formula:  Q.»  -=  (79  +  t  -t-  ct^),  wliere  79  is  the  heat  of  fusion  of  ice,  or  the  amount 
which  must  be  absorbed  from  the  water  in  order  to  freeze  it.  and  c  is  the  spetiHc  heat  of  ice.  Thxii^.  starting  from 
water  at  +  17"  in  order  to  obtain  ice  at  -8":  Q.  ^  79  4-  17  +  (8  ,<  0'5)  -  100  calories.  We  niu.«>t  take  into 
account  the  interchange  of  heat  between  the  surrounding  atmosphere  and  the  whole  of  the  niaeliinery  whirh  may 
be  calculated  for  each  machine  and  is  proportional  to  the  rise  of  temperature.  T.--  7', ;  flniilly.  we  must  take 
into  accouDt  the  practical  yield,  which  is  smaller  to  a  more  or  less  extent  than  tin*  theoretical  yield  according 
to  the  perfection  of  the  machinery  and  to  the  insulation  and  the  size  of  the  machine's.  Machines  of  a  \ery  large 
capacity  give  the  be^t  yields. 
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ftllowed  b)  enter  through  the  cock  r  into  the  refrigerating  coil  B,  which  is  in  connection 
with  the  inlet  valve  Va  of  the  compressor  C,  by  means  of  the  tube  t.  The  liquid  ammonift 
instantly  evaporates  on  entering  R  under  the  exhausting  action  of  the  pump,  producing 
considerable  cold.  The  coils  of  R  ore  surrounded  by  brine  (water  and  calcium  chloride) 
which  is  strongly  cooled  and  serves  to  freeze  water  which  is  contained  in  suitable  moulds 
of  sheet  iron,  which  are  immersed  in  this  very  cold  solution.  Work  may  naturally  be  con- 
tinued for  a  long  time  with  the  same  quantity  of  ammonia,  because  this  is  exhausted 
from  R  at  the  annic  time  as  it  Is  compressed  in  D.  In  Fig.  89  the  freezing  machine  of 
Lindc  is  illustrated  as  it  is  used  in  many  factories.  The  compressor  is  worked  by  a  motor 
with  a  large  flywheel.  Vertical  agitators  arc  used  in  the  condenser  and  refrigerator,  being 
worked  by  cog-wheek,  so  that  the  temperature  of  the  coils  maybe  rapidly  com  muni  caU-d 
to  the  liquids.     The  coils  consist  of  very  close  spirals  and  are  made  of  iron  in  one  single 

piece  without  any  scam,  in 
such  a  way  as  to  resist  strong 
pressure.  There  are  few  works 
In  Europe  which  con  struct 
them  satisfactorily.  In  the 
condenser  common  waUr  cir- 
culates at  a  temperature  of  10° 
to  20°,  and  in  the  refrigerator 
a  30  per  cent,  aqueous  solution 
of  calcium  chloride  is  em- 
ployed, which  does  not  frt-oie 
even  at  12°  below  zero. 

This  brine  is  cooled  by  the 

ammonia  which  ovaporot«s  in 

the   refrigerating   coil   and   is 

pumped    into   a    tank  at    the 

side,  called  the  freezing- tank, 

which  should  not  be  far  from 

the  machine,  and  which  is  not 

shown  in  the  figure.     In   this 

tank  the  boxes  or  moulds  of 

sheet     iron      containing      the 

drinking  wat«r  which  is  to  be 

frozen  are  placed.      The  brine 

continuously     circulates      bo- 

"      ■  tweon  the  freezing   tank  and 

the  refrigerator. 

A  light  rod  moves  automatically  in  the  middle  of  each  box  containing  the  water,  in  order 

to  faciiitato  the  escape  of  the  air  dissolved  in  it,  so  that  transparent  ice  may  be  obtained  ; 

otherwise  the  small  air-bubblea  render  the  ice  opaque.     These  rods  are  removed  a  few 

moments  before  the  water  in  the  centre  of  the  box  is  also  frozen.     The  impurities  in  the 

water  collect  in  the  centre  of  the  ice-block,  because  this  is  the  portion  to  be  frozen  last. 

Large  plants  contain  automatic  contrivances  which  lift  out  and  remove  ten  boxes 
at  once   when   the   ice   blocks  arc  completely  formed,  and   refill  the  boxes  with  fresh 

These  Lindc  machines  arc  constructed  in  all  sizes  for  the  production  of  from  50  kilos 
to  2000  kilos  of  ice  per  hoiu:.'  During  the  lost  twenty-five  years  more  thon  6000  Linde 
machines  have  been  constructed. 

•  ThFro8lo(»Liiiaeniarhlne,iiicluilingrr«;lioii— eirluslvF,  howcvpr.oflhe  motor— would  bc»ppro>inntplr 
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There  are  also  many  otli^r  types  of  ice  machines,  and  those  of  Pictet  which  use  sulphur 
dioxide  are  important,  and  atill  more  so  those  improved  machines  of  Pictet  which  use 
a  special  liquid  composed  of  a  mixture  of  sulphur  dioxide  and  liquid  carbon  dioxide  boiling 
at   —19°.     These  machines  are  more  especially  used  in  France. 

If  instead  of  producing  ice  it  is  desired  to  cool]  ocali  ties,  the  brine  is  circulated  in  numerous 
iringed  tubes  such  as  are  employed  for  heating. 

Freezing  machines  using  dry  air.  The  first  to  propose  the  utilisation 
(if  the  expansion  of  compressed  gases  for  the  production  of  cold  was 
Herschel  in  the  first  half  of  the  nineteenth  century.  In  1852  Smyth  and 
Xesmond  constructed  the  first  machine  which  utilised  this  principle  for 
producing  ice.  It  was  improved  in  1862  by  Kirk,  but  it  only  became  practical 
through  the  work  of  Windhausen  in  1869.  He  improved  it  still  further, 
and  to-day  it  is  constructed  in  very  large  sizes,  which  serve  especially  for 
the  refrigeration  of  laige  air  spaces,  and  magazines  for  foodstuffs. 

Later  on,  in  the  chapter  on  Liquid  Air,  we  will  discuss  the  calculations 
and  formulte  which  show  the  amount  of  cooling  produced  by  the  expansion 
of  compressed  air,  and  we  will  then  see  that  the  reduction  of  temperature 
is  about  a  quarter  of  a  degree  for  each  atmosphere,  resulting  from  the  differ- 
ence of  pressure  before  and  after  expansion.     This  datum  is  only  of  practical 


value  for  temperatures  near  zero,  and  for  pres-sures  which  are  not  very  large; 
whilst  for  temperatures  much  lower  than  zero  the  cooling  is  much  less  than 
a  quarter  of  a  degree  per  atmosphere. 

We  will  clearly  explain  the  principles  on  which  the  refrigerating  machines  of  Wind- 
hausen which  use  air  are  based.  One  of  the  most  largely  used  types  of  this  machine 
is  reproduced  in  Fig.  90.  The  cylinder  A  is  the  compressor  and  B  the  exhauster.  The 
pistons  of  both  cylinders  arc  connected  to  a  common  piston-rod  moved  by  a  flywheel.  0. 
The  air  enters  through  the  valves  a,  which  open  inwards  alternately  in  accordance  with 
the  movemenlfi  of  the  piston.  The  strongly  compressed  air  escapes  alternately  by  the 
valves  b,  which  only  open  when  a  certain  pressure  is  reached.  The  air  thus  compressed 
is.'iueB  through  a  large  tube  and  then  rises  in  a  cylinder,  D,  containing  several  funnels  of 
sheet  metal,  which  serve  to  cool  it,  and  to  condense  the  moisture  which  it  contains,  so  that 
it  arrives  fairly  dry  in  the  exhauster  B  by  means  of  the  valves  e,  after  having  traversed 
the  groups  of  pipes  contained  in  tlie  cylinders  E  and  F,  in  which  a  continuous  current  of 
fresh  water  circulates.  The  water  circulates  in  an  opposite  direction  to  the  air,  entering 
at  the  lower  part  of  tho  cylinder  F,  passing  out  from  the  upper  part  of  this  cylinder,  de- 
■  cending  to  the  baw  of  the  cylinder  S,  and  passing  out  from  the  upper  part  The  air 
entering  the  cylinder  B  overcomes  a  certain  weight  on  the  valve  e,  which  opens  towards 
the  interior,  then  expands  and  becomes  strongly  cooled  even  down  to  —  40°,  and  issues 
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through  the  valve  d,  whence  it  is  conducted,  into  the  places  where  the  cooling  is  to 
take  place,  or  into  the  boxes  where  ice  is  made.  In  this  latter  case  it  may  be  recovered 
in  order  to  be  brought  back  into  circulation,  as  it  is  always  dry  and  already  considerably 
cooled. 

Machines  using  carbon  dioxide.  These  are  widely  diffused,  as  might 
be  supposed  according  to  the  theoretical  advantages  which  they  possess, 
when  compared  with  those  using  ammonia.  CO2  does  not  attack  the  metallic 
portions  of  the  machine ;  it  is  less  poisonous  and  dangerous  than  ammonia 
in  case  of  gas  escape.  However,  such  leakages,  whilst  they  are  easily 
noticed  by  means  of  the  odour  in  the  case  of  ammonia,-  are  not  so  easy  to 
detect  in  machines  using  CO^. 

In  order  to  obtain  an  equal  refrigerating  effect,  machines  using  QO^  theoretically 
require  a  space  six  times  smaller  than  those  using  NH,,  and  sixteen  times  smaller  than 
those  using  sulphur  dioxide  :  so  that  smaller  and  less  costly  machinery  should  be  required. 
Practically,  however,  it  is  not  possible  to  reduce  the  proportions  of  machinery  to  these 
limiting  values.  During  the  last  few  years  the  compressors  have  been  greatly  improved, 
and  these  machines  to-day  tend  to  replace  those  mentioned  above. 

USES  OF  ICE.  The  refrigerating  industry  has  to-day  acquired  an  extraordinary 
importance  and  numerous  industries  are  connected  with  it  (set  p.  230). 

Through  the  use  of  refrigerating  machines  on  board  ship,  England  was  able  to  import 
in  1900  the  following  products  from  far  distant  regions:  6,434,000  frozen  sheep  from 
Australia,  New  Zealand,  and  South  America  ;  60,000  tons  of  frozen  and  refrigerated 
beef  from  America  and  Australia  ;  65,900  tons  of  butter  from  Australia,  New  Zealand, 
the  United  States,  and  Canada  ;  167,000,000  eggs  from  Morocco,  Egypt,  United  States, 
and  Riissia  ;  and  to  these  must  be  added  enormous  quantities  of  fresh  frtut,  salmon,  game, 
&c.  The  total  value  of  these  important  products  for  1900  was  £26,600,000  ;  and  in  1907 
it  rose  to  £36,000,000.  In  the  United  States  12,000,000,000  tons  of  foodstuffs  are  preserved 
by  cold  each  year.  The  preservation  and  transportation  of  fruit  are  often  carried  out  by 
freezing  it  to  -4*5°  during  transport  and  in  the  warehouses  before  consumption. 

The  English  companies  pay  £3  8«.  per  ton  for  the  transport  of  frozen  meat  from  Buenos 
Aires  to  London,  whilst  the  transport  to  Genoa  costs  £8  16«.  per  ton. 

Until  a  few  years  ago  only  three  public  slaughter-houses  in  France  were  provided  with 
refrigerating  machinery,  whilst  in  Germany  there  were  270.  In  France  in  1902-1903  there 
were  1077  ice  machines,  of  which  55  per  cent,  were  worked  with  ammonia,  27*8  per  cent,  with 
sulphur  dioxide,  11  per  cent,  with  carbon  dioxide,  and  7*6  per  cent,  with  methyl  chloride. 

In  the  United  States  4,500,000  tons  of  artificial  ice  are  produced  annually,  together 
with  20,000,000  tons  of  natural  ice. 


HYDROGEN  PEROXIDE:   HA 

This  substance  was  first  produced  by  Th^nard  in  1818  by  the  action  of 
HCl  on  barium  peroxide. 

It  is  formed  in  the  atmosphere  by  powerful  electrical  discharges  or  heavy 
snowfalls.     Snow  may  contain  as  much  as  1  mgrm .  of  hydrogen  peroxide  per  kilo . 

It  is  formed  in  very  small  quantities  during  the  combustion  of  hydrogen 
and  hydrocarbons.  It  is  also  produced  wherever  ozone  is  found  in  the  presence 
of  water ;  also  on  burning  hydrogen  in  air,  and  thus  also  during  the  slow 
combustion  of  ether.  A  hot  platinum  spiral  becomes  red  hot  in  contact  with 
ether  vapour  and  then  forms  HgOg.  Some  metals  (Cu,  Fe,  Pb)  form  a  little 
H2O2  when  agitated  with  H2SO4  and  air. 

PROPERTIES.  Pure  concentrated  hydrogen  peroxide  decomposes  easily 
into  H2O  -f  O,  developing  heat  (97  Kj  =  23,180  cals.),  and  decomposes  with 
a  powerful  explosion  if  it  contains  impurities.  Sometimes  a  violent  shock 
or  even  contact  with  dust  in  the  air  and  with  impurities  is  sufficient  to  cause 
its  decomposition  and  explosion,  so  that  it  is  not  wise  to  store  pure  hydrogen 
peroxide  (see  below). 
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H2O2  is  an  energetic  oxidising  agent  and  decolorises  dyestufis,  liberates 
iodine  from  iodides,  transforms  sulphurous  into  sulphuric  acid,  and  sulphides 
into  sulphates.  It  also  transforms  oxides  of  Ca,  Ba,  Sr,  into  peroxides.  With 
H^S  it  separates  sulphur  and  forms  HjO. 

Some  very  finely  powdered  metals  (Au,  Pt,  Ag,  &c.)  evolve  oxygen  in 
contact  with  H2O2  without  alteration  of  the  metal  itself.  Manganese  dioxide, 
MnOs,  i^  reduced  in  presence  of  an  acid  and  of  HgOs,  liberating  half  its  own 
oxygen  together  with  one  atom  of  oxygen  from  the  HjOj.  Certain  rather 
unstable  metallic  oxides  of  Ag,  Au,  and  Pt  are  also  reduced  with  evolution 
of  their  own  oxygen  united  to  that  liberated  by  the  H^O^.  In  a  similar  manner 
potassium  permanganate  is  reduced  to  manganous  -oxide,  which  forms  man- 
gauous  sulphate  in  presence  of  H2SO4  with  decolorisation  of  the  perman- 
ganate and  evolution  of  oxygen.  With  chromic  acid  chromium  oxide  is 
obtained.  H2O2  reacts  with  sodium  hypochlorite,  producing  water,  oxygen, 
and  sodium  chloride.  We  thus  see  that  hydrogen  peroxide  is  also  able  to 
effect  energetic  reductions  due  to  the  avidity  with  which  the  atomic  oxygen 
of  the  hydrogen  peroxide  combines  when  liberated  with  another  atom  of 
oxygen  of  an  oxidised  substance,  thus  being  transformed  into  the  more  stable 
molecular  oxygen,  Oj. 

The  size  of  the  molecule  of  hydrogen  peroxide  has  been  measured  by 
endoscopic  determinations. 

CHARACTERISTIC  REACTIONS  OF  HjO,.  Hydrogen  peroxide  decolorises 
indigo  solution  alone,  and  still  more  rapidly  in  presence  of  a  little  ferrous  sulphate.  With 
starch  paste  and  potassium  iodide  a  blue  coloration  is  obtained  due  to  the  liberation  of 
iodine,  and  this  reaction  is  also  more  sensitive  in  presence  of  a  trace  of  ferrous  sulphate. 

The  following  is  a  very  sensitive  reaction  :  solutions  of  ferric  chloride  and  potassium 
ferricyanide  (red  prussiate)  are  mixed,  and  a  very  small  quantity  of  hydrogen  peroxide 
is  then  added.  The  ferricyanide  is  reduced  to  potassi\im  ferrocyanide,  which  immediately 
forms  Prussian  blue  with  the  ferric  chloride.  With  very  minute  traces  of  hydrogen  peroxide 
the  coloration  is  green. 

A  colourless  solution  of  titanium  dioxide  in  concentrated  sulphuric  acid  is  coloured 
orange-yellow  by  minimal  traces  of  HjOg*  through  the  formation  of  titanium  peroxide. 
{Translator's  note. — The  original  text  says  titanic  anhydride,  which  is  obviously  a  shp.) 
Vanadium  gives  a  similar  reaction. 

The  reaction  with  benzidine  which  we  have  already  described  in  discussing  ozone 
fp.  185)  is  very  sensitive  and  characteristic  for  hydrogen  peroxide  and  is  carried  out  in  the 
following  manner  :  To  10  c.c.  of  a  very  dilute  solution  of  H,Oj  (even  one  drop  in  400  c.c.  of 
Plater)  a  drop  of  a  10  per  cent,  copper  sulphate  solution,  and  then,  drop  by  drop,  a  saturated 
alcohoUc  solution  of  benzidine  are  added,  until  a  slight  turbidity  is  formed.  The  liquid 
is  then  shaken,  when  a  deep  blue  precipitate  is  formed  which  is  characteristic  of  ^fit 
(Arnold  and  Mentzel,  1902). 

The  following  is  a  fairly  sensitive  reaction  :  hydrogen  peroxide  is  acidified  in  a  test- 
tube,  ether  is  added  and  then  one  or  two  drops  of  a  dilute  solution  of  potassium  bichromate 
or  chromic  anhydride  ;  on  shaking,  the  new  chromium  compound  thus  formed  (perchromic 
acid)  dissolves  in  the  ether,  giving  a  blue  colour,  which,  however,  very  quickly  disappears. 

Recently  (1909)  Charitschkoff  found  that  even  very  small  traces  of  hydrogen  peroxide 
(0-03  per  cent.)  redden  a  piece  of  dry  paper  impregnated  with  a  benzene  solution  of  the 
cobalt  salt  of  naphthenic  acid  (ozone  does  not  react  directly). 

APPLICATIONS.  Hydrogen  peroxide  is  used  for  bleaching  fine  fabrics, 
especially  woollen  and  silken  fabrics,  and  ostrich  feathers,  ivory,  &c.  It 
is  first  made  feebly  alkaline  with  ammonia,  and  the  textile  fabrics  to  be  dyed 
are  then  immersed  for  twelve  hours  in  a  cold  bath  containing  5  to  10  per  cent, 
of  commercial  hydrogen  peroxide.  If  the  solution  is  heated  bleaching  takes 
place  in  an  hour,  but  then  the  bath  which  remains  is  very  weak,  whereas  cold 
baths  still  contain  much  H2()2  after  use,  and  can  be  used  for  successive  opera- 
tions by  replenishing  them  with  a  little  H2()2-     A  more  gradual  reaction  with 


236  INORGANIC    CHEMISTRY 

less  loss  of  oxygen  is  obtained  by  the  use  of  hydrogen  peroxide  dissolved 
in  a  10  per  cent,  sodium  acetate  solution.  Baths  which  have  been  used  are 
preserved  by  acidifying  them  weakly  with  sulphuric  acid.  H2O2  also  decom- 
poses any  residual  SO2  and  CI  in  fabrics  which  have  been  bleached  by  other 
means.  It  imparts  to  hair  a  beautiful  yellowish  golden  colour,  and  is  used 
for  that  purpose  by  women. 

It  is  a  good  depolariser  for  galvanic  batteries  and  a  good  antiseptic.  It 
is  also  used  for  cleaning  old  blackened  paintings,  because  it  transforms  the 
black  lead  sulphide  (formed  from  white  lead  and  hydrogen  sulphide)  into 
white  lead  sulphate. 

Commercial  hydrogen  peroxide  of  a  strength  of  10  to  12  vols,  costs  from 
about  £10  to  £12  per  ton.^ 

In  Italy  60  tons  of  hydrogen  peroxide  were  manufactured  in  1893,  and 
in  1903  the  jproduction  Jiadalreadyrisen  to  1370  tons,  and  in  1907  to  1800 
-toils,  valued  at  £17,010^.  ButTn:(l%^  the  production  decreased  to  1470  tons. 
In  1908  Germany  exported  304  tons,  and  about  446  tons  in  1909. 

PREPARATION.  Hfi^  is  formed  by  adding  barium  peroxide  to  cold  mineral  acids:, 
and  sulphuric  acid  is  used  by  preference  because  it  forms  insoluble  barium  sulphate  easily 
separated  from  the  hydrogen  peroxide  which  is  dissolved  in  the  water.  By  emplo\nng 
HCl,  on  the  other  hand,  soluble  barium  chloride  is  formed  which  is  difficult  to  separate. 

BaOa  +  H2SO4  =  HjO,  +  BaS04. 

It  may  also  be  produced  by  the  action  of  carbon  dioxide  under  presstire  in  presence  of 
water. 

BaOa  +  H2O  +  COj  --  BaCOj  +  H^O,. 

A  pure  aqueous  solution  of  hydrogen  peroxide  is  obtained  in  practice  by  the  action  of 
sulphwc  acid  on  the  hydrate  of  barium  peroxide  in  the  following  manner :  Barium  peroxide 
is  finely  powdered  and  added  to  a  definite  quantity  of  dilute  HCl  until  this  is  almost  com- 
pletely neutralised  ;  it  is  then  filtered  and  the  clear  cold  liquid  is  treated  with  baryta  water 
until  all  the  silica  and  the  other  metallic  oxides  are  precipitated.  The  liquid  is  again 
filtered  and  all  the  barium  peroxide  then  precipitated  as  hydrate  by  adding  excess  of  baryta 
water.  It  is  collected  on  a  filter,  washed,  and  the  moist  hydrate  then  added  little  by  little, 
with  continuous  agitation,  to  dilute  sulphuric  acid  ( 1  ;  6  HjO),  which  is  kept  at  a  temperature 
below  10^  by  the  addition  of  ice.  Dilute  hydrofluoric  acid  is  now  sometimes  used  instead 
of  sulphuric  acid,  in  which  case  the  work  is  carried  out  in  leaden  vessels.  Wlien  the  acid 
(KF  or  H2SO4)  is  thus  completely  neutralised,  the  whole  is  stirred  for  some  hours,  allowed 
to  settle  and  then  filtered.  If  the  exact  elimination  of  all  the  acid  which  remains  in  solution 
is  desired,  this  is  achieved  with  a  little  barium  peroxide  and  the  liquid  is  again  filtered. 
A  little  add  is,  however,  always  left  in  commercial  HgOj,  because  it  preserves  its  strength 
for  a  longer  time  with  this  addition.  It  has  recently  been  found  that  its  strength  is  still 
better  preserved  by  the  addition  of  a  very  small  quantity  of  tannin  instead  of  sulphuric 
acid  (Ger.  Pat.  196,370  of  1907).  E.  Merck  (1909)  obtained  good  results  with  traces 
of  barbituric  acid.  The  liquid  ordinarily  maintains  its  strength  satisfactorily  on  being 
stored  in  glass  vessels  internally  coated  with  paraffin.  It  contains  about  3  per  cent,  of 
HgOj,  and  is  sold  at  a  strength  of  10  to  12  vols.,  which  means  that  1  litre  of  hydrogen 
peroxide  develops  from  10  to  12  litres  of  oxygen. 

Concentrated  HjO^  may  be  obtained  from  this  solution  by  distilling  it  at  75°.  &iUr 
having  first  separated  all  traces  of  alkali,  metallic  salts,  or  suspended  matter.  Hydrogen 
peroxide  of  50  per  cent,  strength  is  thus  obtained,  and  on  redistilling  it  tntoctt^  at  a  pressure 

*  The  strength  of  hydrogen  peroxide  is  determined  by  acidifying  it  strongly  with  sulplmric  acid,  diluting:; 

5  CO.  with  50  C.C.  of  water,  and  then  adding  from  a  graduated  burette  a  solution  of  potassium  permanganate  ot 

N 
known  strength    -  (namely,  3*17  grms.  permanganate  per  litre),  with  stirring  until  the  last  drop  of  pormanganato 

is  no  longer  decolorlsetl.    The  calculation  is  then  based  on  the  following  equation,  which  shows  that  1  c.c.  of 

~  solution  of  permanganate  corresponds  to  0*001701  grm.  of  11,02  or  to  0*5594  c.c.  of  oxygen. 

5H,0,  +  2KMn04  -j   311,80^  -    50,  +  K.SO,  +  2MnS04  +  8H,0. 

On  multiplying  the  percentage  weight  of  H,0,  by  3"29.  one  obtains  the  strength  expressed  in  volume«  of  oxygon, 
that  is,  the  number  of  litres  of  oxygen  which  1  litre  of  the  solution  is  capable  of  liberating.  If  the  hydrogen  i  eroxul  'i 
has  a  strength  of  3  per  cent,  by  weight  of  H,0,,  its  strength  expressetl  in  volumes  will  be  9*87,  that  is,  in  rouDil 
figures,  it  has  a  strength  of  10  vols. 
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of  5  to  7  cm«.  of  mercury  the  water  first  passes  over  and  is  then  followed  by  pure  concen- 
trated hydrogen  peroxide.  This  may  also  be  obtained  from  the  50  per  cent.  H^O^  by 
extracting  it  with  ether.  From  the  ethereal  solution  the  ether  is  separated  by  distillation 
and  the  hydrogen  peroxide  which  remains  is  in  turn  distilled  at  reduced  pressure.  A  clear 
heavy  liquid  is  thus  obtained  of  sp.  gr.  1-49  which  boils  at  69°  at  a  reduced  pressure  of 
26  mm.  and  smells  like  nitric  acid.  It  is  soluble  in  water,  alcohol,  and  ether,  and  contains 
up  to  99  per  cent,  of  H^O^.  The  concentration  of  hydrogen  peroxide  by  means  of  a 
strong  current  of  air  at  temperatures  of  50°  to  60°  has  recently  been  described  (Ger.  Pat. 
219,154),  the  H^Oj  being  then  distilled  of  100  per  cent,  strength  at  a  temperature  of  60° 
to  80°,  still  in  the  current  of  air. 

Merck  prepared  pure  hydrogen  oxide  by  adding  a  calculated  quantity  of  sodium 
peroxide  in  small  quantities  to  a  given  volume  of  20  per  cent,  sulphuric  add  which  was 
kept  cool.  Two-thirds  of  the  sodi\im  sulphate  immediately  separated  as  crystals ;  the 
liquid  was  then  filtered  and  distilled  in  tocuo.  The  remainder  of  the  sodium  sulphate 
was  left  in  the  retort  and  did  not  decompose  the  HjO^.  Merck  also  prepares  pure  H^O^  by 
treating  barium  peroxide  with  CO,  in  presence  of  water  (Ger.  Pat.  179,771  of  1905-1906). 

Staedel  obtains  very  pure  crystallised  H^O,  of  100  percent,  by  cooling  the  ordinary 
concentrated  96  per  cent,  product  by  means  of  a  freezing  mixture  of  ether  and  liquid 
carbon  dioxide,  thus  producing  a  temperature  of  80°  to  100°  below  zero.  On  then  taking 
a  minimal  quantity  of  this  solidified  H^O,  and  placing  it  in  96  per  cent,  hydrogen  peroxide 
cooled  to  —  8°,  a  mass  of  transparent  crystals  of  chemically  pure  HgO,  immediately  separates. 
This  product  melts  at  -2°.  In  contact  with  platinum  black  or  manganese  dioxide  it 
explode  with  great  violence.  It  instantly  sets  fire  to  magnesium  powder,  carbon,  wool, 
&c,  but  does  not  react  with  reduced  iron. 

Very  pure  hydrogen  peroxide  of  10  per  cent,  strength  is  easily  obtained  by  dissolving 
170  grms.  of  sodium  perborate  and  60  grms.  of  citric  acid  in  one  litre  of  water. 

HYDROGEN   SULPHIDE   (OR  HYDROSULPHURIC 

ACID):    H2S 

This  body  is  found  free  in  nature,  especially  in  volcanic  gases  and  in  some 
sulphuretted  waters.  In  Italy  such  waters  are  found  at  Abano,  Tabiano,  &c. 
It  is  formed  during  the  putrefaction  of  organic  matter  containing  sulphur 
(albuminoids).  This  explains  its  presence  in  rotten  eggs,  closets,  and  latrines. 
During  the  putrefaction  of  organic  matter  sulphates,  for  instance,  calcium 
sulphate,  are  also  reduced,  generating  sulphides  and  hydrogen  sulphide. 

PHYSICAL  PROPERTIES.  Hydrogen  sulphide  is  a  colourless  gas  with 
a  strong  smell  of  rotten  eggs,  of  density  1-19.  If  breathed  in  large  quantities 
it  acts  as  a  soporific  and  a  powerful  poison,  and  if  the  pure  gas  is  breathed 
it  rapidly  produces  death  (see  Note,  p.  190).  It  liquefies  at  a  pressure  of 
17  atmospheres,  or  a  temperature  of  —74°,  yielding  a  colourless  liquid  of 
^p.  gr.  0*9,  which  solidifies  at  —91°.  One  volume  of  water  dissolves  3  to  4 
voLs.  of  HgS  gas. 

CHEMICAL  PROPERTIES.  It  bums  with  a  bluish  flame,  giving  sulphur 
dioxide  :   H^S  +  30  =  1^0  +  SO2. 

With  a  limited  quantity  of  air,  and  if  the  flame  of  HgO  is  cooled  by  intro- 
ducing a  cold  body  into  it,  the  hydrogen  alone  is  burned  and  the  sulphur  is 
deposited.  The  utilisation  of  the  sulphur  contained  in  the  by-products  of  the 
Leblanc  soda  industry  is  based  on  this  reaction.  The  aqueous  solution  of 
HjS  becomes  turbid  in  contact  with  air  by  the  deposition  of  very  fine  insoluble 
sulphur,  HgS  +  O  =  H^O  +  S  ;  therefore,  in  order  to  preserve  aqueous  solu- 
tions of  HjS  without  alteration  it  is  necessary  to  completely  fill  the  bottles 
or  close  them  hermetically. 

The  halogens  react  similarly  to  air,  as  we  have  seen  in  the  preparation 
of  hydriodic  acid  :    HgS  +  I2  =  2HI  +  S. 

HgS  is  a  good  reducing  agent,  easily  abstracting  oxygen  from  other  sub- 
stances and  reducing  them  to  less  highly  oxidised  compounds.    This  occurs 
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with  chromic  and  nitric  acids.  Thus  on  pouring  a  little  fuming  nitric  acid 
into  a  cylinder  containing  dry  HjS,  this  catches  fire  with  a  slight  explosion. 
In  presence  of  porous  materials  HgS  is  slowly  oxidised  in  the  air  with  the 
final  formation  of  sulphuric  acid.  On  the  other  hand,  it  is  capable  of  reducing 
sulphuric  acid,  and  for  this  reason  this  acid  is  not  suitable  for  drying  HgS. 

Being  a  reducing  agent,  it  reduces  solutions  of  potassium  permanganate 
which  transforms  it  into  sulphuric  acid.  It  decomposes  with  sulphur  dioxide 
at  the  ordinary  temperature,  the  sulphur  of  the  HgS  and  of  the  SOg  being 
separated  : 

SO2  +  2H2S  =  2H2O  +  S3. 

This  reaction  explains  the  powerful  deodorising  action  of  sulphur  dioxide 
in  places  smelling  of  HgS.  All  that  is  necessary  in  order  to  eliminate  such 
odours  is  to  bum  a  little  sulphur.  The  removal  of  the  taste  and  smell  of 
sulphur  from  wines  by  means  of  burning  sulphur  is  due  to  the  same  cause. 
In  many  industries  H2S  is  separated  from  other  gases  by  passing  the  mixture 
over  hydrated  ferric  oxide  or  through  alkaline  solutions  of  ferric  salts. 

HgS  is  a  very  weak  acid  which  only  reddens  blue  litmus  paper  weakly, 
and  forms  two  cat^ories  of  salts  with  bases,  namely,  sulphides  and  hydro- 
sulphides. 

KOH  -\-  H2S  =  HgO  +  KSH  (potassium  hydrosulphide  or  moDopotaasiuin  sulphide) 
PbO  +  H^S  =  H^O  +  PbS  (lead  sulphide). 

Almost  all  the  metals  form  sulphides  with  HgS  with  liberation  of  hydrogen, 
e.g.  Pb  +  H^S  =  PbS  +  H^. 

The  sulphides,  then,  are  salts  or  hydrosulphuric  acid.  They  have  char- 
acteristic colours  varying  with  the  nature  of  the  metal.  Thus  zinc  sulphide 
is  white ;  cadmium  sulphide,  yellow ;  antimony  sulphide,  orange-red  ;  lead 
sulphide,  blackish  brown ;  stannous  sulphide,  brown ;  stannic  and  zinc 
sulphides,  yellow,  &c.  Since,  also,  many  metallic  sulphides  are  insoluble 
in  water  and  in  acids,  one  may  thus  obtain  precipitates  from  salts  of  other 
acids  by  treating  them  with  hydrogen  sulphide,  which  is  therefore  a  valuable 
reagent  in  analytical  chemistry.  Very  small  traces  of  hydrogen  sulphide  may 
be  detected  by  paper  impregnated  with  lead  acetate,  wfiich  is  immediately 
blackened. 

Hydrogen  sulphide  is  a  weakly  exothermic  compound  : 

H2  -f  S  =  HgS  gas  +  11  Kj  and  KjS  +  aq.  =  H^S  sol.  +  19  Kj, 

that  is,  30  Kj.  (7170  cals.)  in  all.  The  heat  of  formation  being  very  small,  one 
can  understand  how  it  is  that  it  is  formed  with  difficulty  from  the  elements 
H  and  S,  and  why  it  decomposes  easily  on  heating  (into  H  and  S),  and  also 
why  it  is  a  weak  acid. 

It  is  a  dibasic  acid  because  its  two  hydrogen  atoms  may  be  replaced  by 
one  atom  of  a  divalent  metal  or  by  two  atoms  of  a  monovalent  metal.  The 
behaviour  of  the  dilute  aqueous  solution  of  its  salts  is,  however,  apparently 
abnormal,  as  is  that  of  all  weak  dibasic  or  polybasic  acids,  and  potassium 
or  sodium  sulphides  in  aqueous  solution  show  an  alkaline  reaction  on  account 
of  the  hydrolytic  dissociation  which  is  explained  in  the  following  manner  : 

The  ions  of  HjS  in  aqueous  solution  should  be  Hj*  and  S"  ;  where  S"  represents  the 
divalent  anion  of  H2S.  In  reality,  however,  the  total  dissociation  is  preceded  by  another 
phase,  namely,  HjS  =  H'  +  H9i^  where  the  anion  HS'  is  monovalent  and  has-  a  weakly 
acid  reaction,  in  common  with  those  of  weak  dibasic  acids  in  general,  which  in  aqueous 
solution  are  mainly  dissociated  in  accordance  with  this  second  phase.  The  acid  action  is 
always  due  to  the  cation  H',  whilst  only  a  small  portion  of  the  monovalent  anion  is  finally 
dissociated  into  the  divalent  anion :  HS'  =  H'  +  S".  Thus,  in  aqueous  solutions  of  HjS 
there  are  many  HS'  and  H*  ions  and  few  S"  ions. 
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In  the  case  of  more  energetic  acids,  on  the  other  hand,  the  second  phase  of  the  disso- 
ciation preponderates.  These  considerations  on  ionic  dissociation  also  explain  the  general 
behaviour  of  the  two  categories  of  salts  of  dibasic  acids. 

In  the  case  of  hydrogen  sulphide,  we  have,  for  example,  monosodium  sulphide,  NaHS 
(or  sodium  hydrosulphide,  also  called  the  acid  sulphide  or  secondary  sulphide  of  sodium), 
and  disodium  sulphide,  Na2S,  also  called  the  primary  sulphide  or  neutral  sulphide  or  normal 
sulphide  of  sodium.  In  aqueous  solution  the  acid  sulphide  should  show  an  acid  reaction. 
Actually  it  shows  neutral  reaction  because  the  weak  anion  SH'  is  only  very  slightly  disso- 
ciated into  S'^  and  H  ;  and,  therefore,  there  are  very  few  H'  ions  showing  acid  action,  and 
even  this  dissociation  is  much  diminished  because  SH'  becomes  saturated  with  reforma- 
tion of  non-dissociated  H^S  by  minimal  quantities  of  H'  cations  of  the  water  itself  (which 
under  such  conditions  is  very  slightly  dissociated  into  H'  and  OW),  and  thus  free  hydroxyl 
ions  of  the  water,  which  produce  an  alkaline  reaction,  remain,  saturating  and  paralysing 
the  weak  acid  action  of  the  few  remaining  free  H'  ions,  and  the  aqueous  solutions  of  these 
monometallic  sulphides  (NaHS)  thus  show  neutral  reaction.  The  dimetallic  or  primary 
sulphides  of  these  weak  acids,  on  the  contrary,  show  a  markedly  alkaline  reaction  in 
aqueous  solution,  because  the  two  ions  of  the  disodium  sulphide,  S'^  and  Na,**,  do  not  remain 
dissociated  in  this  manner,  as  the  anion  S''  is  readily  hydrolised  by  water,  being  transformed 
as  follows :  S"  +  H,0  «•  HS'  +  HO',  and  the  SH'  is  further  transformed  in  part  into 
HgS,  and  thus  the  alkaline  reaction  of  hydroxyl  (OH')  which  gradually  increases  turns 
red  litmus  paper  blue.  As  a  matter  of  fact  the  so-called  neutral  salts  of  weak  acids,  even 
of  monobasic  acids  such  as  sodium  hypochlorite,  &c.,  show  an  alkaline  reaction  on  account 
of  pronounced  hydroHytic  disaociatian  in  aqueous  solution  (p.  97). 

APPLICATIONS.  Hydrogen  sulphide  is  used  in  analytical  laboratories,  and  also 
industrially  for  the  purification  of  hydrochloric  and  sulphuric  acids,  &c. 

PREPARATION.  Hydrogen  sulphide  is  formed  in  small  quantities  by 
passing  hydrogen  through  boiling  sulphur ;  or  by  mixing  hydrogen  and 
sulphur  vapour  at  500°  in  presence  of  porous  bodies,  such  as  pumice  or  bricks. 

It  is  also  formed  by  heating  certain  metallic  sulphides  to  redness  in  presence 
of  hydrogen  :  Ag^S  +  H^  =  HjS  +  Agj. 

It  is  ordinarily  prepared  in  the  laboratory  by  acting  on  the  metallic  sulphides 
with  an  acid.  Sulphuric  acid  or  hydrochlorjp  acid  is  commonly  used  with 
iron  sulphide  at  the  ordinary  temperature  in  similar  apparatus  to  that  which 
is  used  for  the  preparation  of  hydrogen  (p.  131). 

FeS  +  SO4H2  =  S04Fe  -f  HjS ;  FeS  +  2HC1  =  FeCla  +  HjS. 

In  this  case  the  gas  contains  hydrogen  proceeding  from  the  action  of  the 
acid  on  the  metallic  iron  which  is  always  present  as  an  impurity  in  the  sulphide. 

Pure  hydrogen  sulphide  is  obtained  by  heating  antimony  trisulphide  with 
concentrated  hydrochloric  acid. 

Sbj^3  +  6HC1  =  2SbCl3  +  3Hj^. 


j 


The  sulphide  is  placed  in  a  flask  closed  with  a  stopper  carryvlg  a  thistle 
funnel  for  the  introduction  of  the  acid  and  a  delivery  tube  for  ihe  gas,  as  in 
the  preparation  of  chlorine  (p.  142).  The  HgS  which  is  formB^  is  first  washed 
in  water  and  then  collected  by  displacement  in  cylinders  filled  with  water. 

Pure  HjS  is  also  obtained  by  decomposing  barium  sulphide  with  -pure 
hydrochloric  acid  :   BaS  +  2Ha  =  BaCla  +  H^S. 

HYDROGEN   PERSULPHIDE  :   HgSg 

Just  as  hydrogen  peroxide  is  formed  by  the  action  of^cids  on  metallic  peroxides,  so  by 

acting  on  certain  metallic  persulphides  or  polysulphides  with  acids,  h3rdrogen  persulphide 

is  formed,  but  only  the  sulphide,  H^S^,  whatever  may  be  the  reacting  polysulphides  (Na^S^, 

^  Na^Sj,  NajSA,  Na^S^) ;   probably  bec^^Mhe  other  hypothetical  hydrogen  persulphides 

decompose,  giving  H^S  and  H^^.     ^^m 

4NajS,  +  8Ha  «  8NaCl  +  4H,S, ;    4H,S,  =  SH^S  +  H^, . 
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This  persulphide  is  an  easily  volatile,  limpid  yellow  oil  of  sp.  gr.  1*71.  It  decomposes 
easily  in  presence  of  moisture,  giving  sulphur  and  HjSs. 

Bloch  and  Hohn  (1908)  prepared  the  persulphides  SjH,  and  SjH,,  the  existence  of  which 
was  also  confirmed  by  Bnmi  and  Borgo  (1909). 

HYDROGEN  SELENIDE  :   H^Se 

This  is  obtained  from  the  elements  at  400°,  or  better  still  from  iron  selenide,  FeSe,  with 
hydrochloric  acid.  It  is  a  colourless  gas  with  a  repugnant  odour.  It  is  a  weak  acid  and 
more  poisonous  than  HjS.  Pure  selenium  is  liberated  from  its  solutions  by  contact  with 
the  air.     It  precipitates  many  heavy  metals  in  the  form  of  selenides, 

Selenious  chloride,  Se2Cl2,is  also  known,  and  so  is  selenium  tetrachloride,  SeClf,  which 
is  a  solid,  sublimes  unchanged,  and  is  more  stable  than  sulphur  tetrachloride. 

HYDROGEN  TELLURIDE  :   TeH^ 

This  gas  is  obtained  mixed  with  oxygen  by  the  action  of  hydrochloric  acid  on  zinc 
telluride :  it  is  a  very  poisonous,  evil -smelling,  colourless  gas,  and  easily  dissociates.  It 
precipitates  the  salts  of  heavy  metals  from  solution  in  the  form  of  tellurides. 

TeClj  and  TeCl4  are  also  known  ;  the  latter  boils  unaltered  at  380^.  Analagous  com- 
pounds with  Br,  I,  F,  are  also  known. 

HALOGEN  COMPOUNDS  OF  SULPHUR 

SULPHUR  MONOCHLORIDE  :  S^Clj.  This  is  the  most  stable  of  these  halogen 
compounds,  and  is  obtained  by  passing  dry  chlorine  over  molten  sulphur.  It  is  a  reddish- 
yellow  liquid  which  fumes  in  the  air  and  irritates  the  eyes.  It  has  a  specific  gravity  of 
1-69  and  boils  at  138°. 

It  readily  dissolves  sulphur  (66  per  cent.)  and  the  heavy  solution  is  used  for  the  vulcani- 
sation of  india-rubber. 

It  decomposes  with  water  as  follows : 

2S,C1,  -!-  2H,0  =  SOa  +  3S  -f  4HC1. 

SULPHUR  DICHLORIDE  :  SCl^.  This  compound  is  obtained  by  saturating  the 
monochloride  with  chlorine  at  6°  to  10°  and  then  driving  off  the  excess  of  chlorine  with  CO,  : 

Sad,  -f  a,  =  2SCI2. 

It  is  a  reddish-brown  liquid  of  sp.  gr.  1-62,  which  boils  at  64°,  when  it  is  partially 
decomposed  into  CI,  and  SaCl,  ;  it  is  decomposed  by  water. 

SULPHUR  TETRACHLORIDE  :  SCl^  (bromides  and  iodides).  This  chloride  is  only 
stable  below  0°  ;  it  is  obtained  by  saturating  sulphur  chloride  with  chlorine  at  —  20°. 

SULPHUR  BROMIDE  :  SaBtj,  is  also  known.  It  is  a  red  liquid  which  boils  at  190° 
to  200°. 

Iodides  of  sulphur  are  not  well  known,  but  in  1900  Moissan  appears  to  have  prepared 
from  its  elements  sulphur  hexafluoride,  SFg,  which  is  an  almost  inactive  gas. 

OXY-COMPOUNDS   OF   S,  Se,  Te 

Whilst  only  two  oxidised  compounds  of  selenium  and  tellurium  are  known,  namely, 
the  dioxide  and  trioxide  (ScOj,  ScOg  ;  TcOj,  TeOg),  four  oxygen  derivations  of  sulphur 
are  known. 


SaOa 

SOa 

so. 

SA 

Sulphur 

Sulphur  dioxide  or 

Sulphiu-  trioxide  or 

Sulphur  heptoxide  or 

s(»quioxido 

sulphurous  aniiydridc 

sulphuric  anhydride 

pereulphuric  anhydride 

Excepting  sulphur  sesquioxide,  all  these  other  oxides,  which  are  also  called  anhydride?, 
generate  the  corresponding  dibasic  acids  with  one  molecule  of  water.  These  acids  give  t^-o 
series  of  salts :    acid  salts  and  neutral  salts. 

But  there  are  also  other  oxy-acids,  which  only  exist  in  the  form  of  salts,  and  of  which 
the  corresponding  oxides  or  anhydrides  are  not  yet  known. 
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SsOsHj,  thiosulphuric  acid  (sometimes  called 

hyposulphurous  acid) 
SjO^H^   hydrosulphurous   acid   (the    true 

hyposulphurous  acid) 
SO3U2,  sulphurous  acid 
SO4H2,  sulphuric  acid 
SgOeHj,  dithionic  acid  (hyposulphuric  acid) 


SsO^Hj,  trithionio  acid 

S40eH,,  tetrathionio  acid 

SsOeHj,  pentathionic  acid 

S2O5H2,  disulphurous  acid 

S2O7H2,  disulphuric  acid 

SjOsHg,  persulphuric  acid 

S2O9H2,  ozypersulphurio  add  (Oaro's  acid) 


SULPHUR  DIOXIDE :   SO, 

Sulphur  dioxide  is  found  free  in  considerable  quantities  in  nature,  in 
certain  volcanic  emanations,  and  being  an  exothermic  compound  it  is  readily 
formed  together  with  a  trace  of  SO3  by  burning  sulphur  in  the  air  :  8  +  0,= 
=  SO2  +  71*6  cals.,  and  1  kilo  of  sulphur  develops  2165  cals.  on  burning. 
The  formation  of  SOg  by  burning  solid  sulphur  occurs  without  change  of 
volume,  that  is,  from  1  vol.  of  0,  1  vol.  of  SO,  is  obtained,  and  from  this 
its  composition  may  also  be  deduced,  because  if  SO3  were  to  be  formed  then 
from  3  vols,  of  O,  one  would  obtain  2  vols,  of  SO3.  SOg  is  manufactured 
industrially  by  roasting  certain  metallic  sulphides,  especially  pyrites  (sulphides 
of  iron,  copper,  &c.),  in  special  furnaces :   (JtiS  +  30  =  CuO  +  SO,,  and  also  : 

2FeS2  +  110  =  FcgOs  +  480,  +  419-8  cals., 

that  is,  105  cals.  for  each  molecule  of  SO,  (see  Note,  p.  164). 

The  SO,  from  large  copper  smelting  plants  is  sometimes  utilised  for  the 
manufacture  of  sulphuric  acid  in  lead  chambers,  but  cannot  be  used  for  the 
manufacture  of  catalytic  sulphuric  acid,  because  the  catalyst  soon  becomes 
covered  by  powdered  zinc  02dde  and  the  excessive  amount  of  moisture  renders 
the  acid  very  dilute. 

A  regular  development  of  SO,  is  conveniently  obtained  in  the  laboratory 
by  heating  one  part  of  mercury  or  of  copper  turnings  with  three  parts  of  strong 
sulphuric  acid  in  a  flask. 

Cu  +  2SO4H2  =  CU8O4  +  2H2O  +  SO2. 

Pure  sulphur  dioxide  is  also  obtained  by  decomposing  sulphites  and 
disulphites  with  mineral  acids,  or  by  reducing  sulphuric  acid  by  heating  it 
with  charcoal  in  a  flask  :  2SO4H2  +  C  =  280,  +  CO,  +  2H80. 

Since  CO2  is  formed  together  with  SO,  in  this  manner  and  is  difficult  to 
separate,  this  method  is  only  employed  when  a  dilute  aqueous  solution  of 
SO,  is  to  be  prepared,  in  which  case  the  gaseous  mixture  is  passed  through 
water  in  which  the  COj  is  only  slightly  soluble. 

SO,  has  also  been  prepared  industrially  by  decomposing  sulphuric  acid 
by  heat  (Debray  and  Deville,  p.  179)  in  order  to  thus  manufacture  sulphur 
trioxide  {see  below), 

PHYSICAL  PROPERTIES.  Dry  sulphur  dioxide  is  a  colourless  gas  of 
suffocating,  disagreeable,  and  penetrating  smell ;  it  gives  white  fumes  in 
moist  air ;  it  is  harmful  for  respiration  and  to  vegetation,  and  is  employed 
as  an  antiseptic  in  various  industries  (beer,  wine,  meat,  &c.). 

It  is  readily  liquefied  by  cooling  it  with  ice  and  salt,  or  at  a  pressure  of 
three  atmospheres  only. 

In  the  liquid  state  it  is  colourless  and  fairly  mobile,  has  a  specific  gravity 
of  1-53  at  0°,  boils  at  —8°,  and  solidifies  at  —76°.  It  absorbs  much  heat 
on  evaporation,  and  on  this  account  it  is  employed  in  ice  factories  for  the 
production  of  cold  {see  Ice). 

On  pouring  liquid  SO,  on  to  mercury  and  accelerating  the  evaporation 
by  means  of  a  jet  of  air,  the  mercury  is  solidified  ( —  40°). 

I  16 
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One  volume  of  water  at  0°  dissolves  80  vols,  of  SO2  and  at  15**  about 
50  vols,  with  evolution  of  heat.  Therefore  in  order  to  obtain  more  concen- 
trated solutions  it  is  necessary  to  cool  the  water,  because  the  gas  is  less  soluble 
in  hot  water,  and  at  a  certain  temperature  all  the  SO2  is  liberated.  At  a  tem- 
perature of  20°  the  saturated  solution  contains  8*6  per  cent,  by  weight  of 
SO2  and  at  40®  only  6*1  per  cent.  ;  at  15°  the  saturated  solution  of  specific 
gravity  of  1*056  contains  11  per  cent,  of  SOj.^  Alcohol  at  0°  dissolves  54  per 
cent,  of  SO2  and  at  26°  only  26-5  per  cent.  On  solution  in  water  sulphur 
dioxide  forms  sulphurous  acid  :  H2O  +  SO2  =  SOsHj,  but  this  acid  has  not 
yet  been  isolated  as  such. 

On  dissolving  in  water  SOg  develops  32  Kj  (7700  cals.). 

CHEMICAL  PROPERTIES.  On  heating  with  oxygen  or  air  in  presence 
of  platinum  sponge,  or  platinised  asbestos,  iron  oxide,  or  certain  other 
catalytic  substances,  SO2  is  completely  oxidised,  giving  sulphur  trioxide  : 
SO2  +  O  =  SOa-  The  aqueous  solution  is  also  slowly  oxidised  in  the  air 
giving  sulphuric  acid  :  SO2  -f  O  +  H2O  =  H2SO4,  and  more  easily  by  the 
action  of  the  halogens  :  SO2  +  2H2O  +  Ig  =  SO4H2  +  2HI,  so  that  the 
iodine  solution  is  decolorised. 

Sulphur  dioxide  is  a  good  reducing  agent,  because  it  removes  oxygen 
from  many  substances,  being  itself  oxidised,  and  thus  decolorises  solutions 
of  potassium  permanganate  yielding  manganous  salts  : 

2KMn04  +  5SO2  +  2H2O  =  K2SO4  +  2MnS04  +  2H2SO4. 

The  natural  colouring  mattera  are  also  decolorised  by  SO2,  for  instance, 
those  of  many  flowers,  of  wine,  of  wool,  and  of  raw  silk,  which  are  bleached 
in  this  manner.  Leuco-compounds  are  formed  in  this  way  which  are  not 
very  stable,  but  which  are  soluble  in  dilute  sulphuric  acid  and  liable  to  re- 
oxidisation  by  the  air.  Therefore  bleaching  by  this  means  is  not  very  durable 
if  these  products  are  not  removed  by  washing  with  water  or  dilute  sulphuric 
acid. 

SO2  may  be  reduced  in  turn  by  more  energetic  reducing  agents,  such  as 
HjS,  with  separation  of  sulphur  :  SOg  +  2H2S  =  2H2O  +  3S.  The  gas  does 
not  maintain  combustion  and  may  therefore  be  used  to  extinguish  fires. 

Traces  of  SO2  are  detected  by  treating  even  very  dilute  solutions  with  a 
few  crystals  of  potassium  iodate  and  then  a  few  drops  of  HCl,  and  shaking 
with  a  little  chloroform  ;  this  dissolves  the  liberated  iodine  and  acquires  a 
violet  colour. 

^  In  the  cage  of  pure  aqucou.s  solutions  the  amount  of  SOa  present  may  be  determined  with  the  help  of  the 
following  table,  which  applies  to  a  temperature  of  IS'S*  : 

density  10474  =    9%  SO, 
10520  =  10^/'     „ 
1'0560  =  11%     „ 
10668  =  13%  at  11" 

The  strength  of  the  aqueous  solution  is  determined  with  greater  exactitude,  even  when  other  substances  are 
present,  by  means  of  a  titrated  iodine  solution,  into  which  the  solution  of  SO,  is  dropped  with  continuous  stirring, 

SOa  +  21  +  2HaO  ^  ^  n,804  +  2HI.  and  by  then  also  determining  the  total  acidity  with  ~  sdation  of  sodium 

hydroxide  in  presence  of  phcnolphtlialein  as  indicator.  In  this  way  any  sulphuric  acid  which  may  have  been 
present  in  the  solution  of  SOj  is  also  determined,  whilst  the  amount  of  the  latter  is  found  from  the  amount  of 
iodine  used,  by  means  of  the  above  equation. 

The  strength  of  liquid  anhydrous  sulphurous  acid  is  determined  by  first  weighing  a  given  quantity  in  a  weighed 

pipette  with  two  stop-cocks,  and  th^n  allowing  the  SO,  as  it  evaporates  to  bubble  through  an    —  solution  of 

iodine,  previously  passing  it  through  two  weighed  calcium  chloride  tubes  in  order  to  absorb  the  moisture,  which 

is  weighed  separately  ;  the  excess  of  iodine  is  titrated  back  with  a  solution  of  -rz.  sodium  tUosolphatc,  and  the 

result  calculated  by  remembering  that  1  c.c.  of  -r:  iodine  solution  corresponds  to  1*0946  c.c.  of  dry  SO,  at  0^  and 

760  mm.  Anything  which  remains  in  the  pipette  after  this  has  been  heated  to  70°  to  80°  is  sulphuric  acid  and 
tar,  which,  after  weighing,  is  removed  with  hot  water  and  the  sulphuric  acid  titrated.  The  tar  may  also  be  finally 
extracted  with  clher  and  weighed* afterievaporating  the  ether. 


density  1*0056  =   1%  SO, 

density  10276  =  5%  SO, 

densl 

„       1*0113  -   2X     „ 

„        1*0328  =   6%     „ 

ti 

„        1*0168   =  ii%     „ 

„        10377   «   7%     ., 

It 

„        10221   -    4%     „ 

„        10426  =   8%     „ 

1* 
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APPLICATIONS  OF  SO,  The  greater  quantity  of  SO,  which  is  produced  is  used 
directly  on  the  epot  for  the  manufacture  of  sulphuric  acid.  It  is  alao  used  in  paper  workii 
for  the  bleaching  ol  straw  and  of  wood  ;  in  alum  taotoriee  ;  for  the  preservation  of  fruit, 
beer,  wine,  meat,  dextrine,  sugar,  and  Byrups,  being  a  good  disiofecttyit,  and  also  for  the 
extraction  of  oaloiom  phosphate  from  bones  tn  the  manufacture  of  glue.  It  is  also  used  for 
bleaching  wool,  silk,  and  straw  hats.  It  is  used  in  sugar  refineriea  because  it  has  very 
little  inverting  action  on  the  sugar  ;  it  is  also  employed  in  certain  tartaric  at^d  faotoriea, 
&c.  It«  use  has  recently  been  proposed  for  tlie  interruption  of  the  fermentation  of  grape 
juice  in  wine,  manufacture. 

The  main  consumption  of  liquid  S0|  takes  place  in  Pictet's  ice  machines  and  in  the 
manufacture  of  cellulose.    It  has  the  property  of  dissolving  oils  and  fata  under  pressure, 
but  is  unable  to  compete  in  this  respect  with  benzine  and  carbon  disulphide.    Liquid  SO, 
ia  now  used  for  the  rapid  disinfection  of  ships  and  for  destroying  the  rata  which  infest 
them.     It  will  probably  acquire  great  importance  in  the  future  through  its  use  in  connection 
withateam'engines  patented  by  Behrend  and  Zimmerman,  serving  to  increase  the  eflSoiency 
of  the  steam-engines  by  utilising  the  heat  which  would  otherwise  be  lost,  by  the  evaporation 
of  liquid  SO,  and  the  production  of  strong  pressure  in  the  motor,  supplementary  to  the 
engine  itself.    When  it  has  been 
thns  utilised  the  SO,  is  again 
liquefied  in  a   condenser  with 
cold  water  and  re-utilised. 

STATISTICS  AND 
PRICES.  liquid  sulphur  di- 
oxide comes  on  to  the  market 
to-day  in  steel  cylinders  at  about 
£1  S«.  Id.  to  £1  a<.  Id.  per  100 
kilos.  The  empty  steel  bombs, 
tested  to  thirty  atmospheres, 
cost  £4ofa  capacity  of  100  kilos; 
or  £1  10s.  4d.  of  a  capacity 
of  10  kilos.  But  these  bombs 
are  let  out  on  hire  by  the 
manufacturers,  wlio  after  three 
months  demand  a  rent  of  It. 
to  2«.  per  month.  Fra.  91. 

According  to  law  (in  Italy) 
the  bombmaynot  contain  more  than  1  kilo  of  SO,  per  litre  total  capacity,  so  that  a  apace  of 
SO,  vapour  may  beleft,  and  explosions  due  to  large  variations  of  temperature  thus  avoided. 

In  the  mines  of  Oppeb  (Prussia)  in  1693  1600  tcms  of  liquid  SO,  were  produced.  Very 
large  quantities  are  jn^pared  in  the  factory  of  W.  Grillo  of  Hombom.  In  Italy  13  tons 
of  liquid  80,  were  produced  in  1002,  and  in  1904  60-7  tons  were  imported,  of  the  value  of 
£1217.  In  1906  34-4  tons  were  imported  at  £14  per  100  kilos,  and  in  1908,  about  61-3  tons 
of  the  value  of  £1089.  The  cost  of  production  is  about  ia.  per  100  kilos,  and  the  sale 
{nice  tor  l»ge  quantities  waa  £5  12s.  per  ten  in  1690  in  tank-waggons  at  the  works.  In 
Italy  it  is  sold  in  steel  cylinders  containing  25  or  50  kUos  at  5'6d.  per  kilo  ;  in  order  that 
a  factory  making  liquid  sulphur  dioxide  may  be  profitable  it  must  [xoduce  at  least 
8  to  10  tons  per  day, 

INDUSTRIAL  PREPARATION  OF  SO,  The  preparation  of  SO,  gas  for  the  monu- 
factore  of  solphurio  acid,  which  constitutes  the  main  consumption  of  sulphur  dioxide, 
will  be  described  later  in  speaking  of  that  add.  We  will  confine  ourselves  now  to  the 
preparation  of  concentrated  aqueous  solutions  of  SO,'and  of  pure  liquefied  SO^,  which  ia 
employed  in  many  industries. 

A  concentrated  aqueous  solution  of  sulphur  dioxide  is  obtiuned  by  the  direct  combustion 
of  sulphur,  making  use,-  for  example,  of  the  apparatus  of  Uatschek,  which  has  been  applied 
in  many  industries. 

The  sulphur  is  burned  on  iron  plates  or  pans  uranged  in  a  chamber.  A,  Fig.  91,  which 
is  surmounted  by  a  lead  chimney  some  metres  in  height  in  order  to  obtain  a  sufficient 
draught.  The  SO,  passes  along  the  refrigerator  BB',  where  the  small  quantities  of  sulphurio 
iicid  which  are  formed  are  condensed.     These  collect  in  a  suitable  vessel  with  a  hydraulic 
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seal  in  the  lower  part  of  the  tube  C.  The  SO,  gas,  on  the  other  hand,  paaaeg  into  the  upper 
part  of  the  condenser  d',  fonned  of  a  wooden  box  lined  with  lead  and  covered  by  a 
shallow  pan,  D,  along  which  water  runs  continuously,  cooling  the  gas.  The  condenser 
is  divided  info  several  compartments  with  vertical  walla  which  join  each  side  of  the  condenser 
alternately  in  such  a  manner  that  the  water  which  enters  continuously  at  E  and  escapes 
saturated  with  SO,  from  the  tube  K  is  forced  to  traverse  a  zigJag  path  in  the  opposite 
direction  to  the  gas  which  continuously  passes  over  its  surface.  The  chamber  greatly 
diminishes  in  volume  because  the  SO,  gas  diminishes  in  quantity  as  it  is  absorbed.  The 
aqueous  solation  of  SO,  escapes  from  the  tube  L,  and  the  non-absorbed  SO^  is  absorbed 
by  water  passing  through  the  tube  F  into  the  large  vessel  Q,  which  contains  soda  crystals, 
which  with  SO,  form  sodium  sulphite  or  bisulphite  (see  Part  III). 

Theoretically  i  ou,  metres  of  air  are  required  per  kilo  of  sulphur  ;  in  practice  about 
SJeij- metres  are  employed.  In  order  that  the  work  may  be  carried  on  continuousiyin  the 
hot  furnace,  molten  sulphur  may  gradually  be  added. 

This  method  is  economical,  but  it  does  not  yield  very  concentrated  solutions,  and  the 
decomposition  of  sulphuric  acid  by  carbon  is  in  many  cases  preferred.     H,SOi  of  62°  3k. 


Fio."92.  Fio.  93. 

(sp.  gr.  1-76)  is  employed :  2H,S0,  +  C  -  CO,  +  2S0,  +  2H,0  ;  if  the  add  is  more 
concentrated  CO  is  also  formed  :  H,S0,  +  C  =  80,  +  H,0  +  CO,  and  if  it  is  very  dilute 
H,S  is  formed :  H,SO,  +  2C  -=  H,8  +  2CO,.  The  operation  is  carried  out  in  a  very 
simple  apparatus  ;  a  species  of  stoneware  receiver  [see  p.  162}  with  two  necks  containing 
wood-charcoal  is  immersed  in  a  sand-bath  placed  over  a  furnace.  Sulphuric  acid  is  allowed 
to  drop  slowly  on  to  the  carbon  and  this  is  heated.  The  SO,  gas  is  condensed  in  three 
successive  receivers  which  communicate  and  contain  water.  In  the  lu^t  the  sulphuric 
add  carried  over  by  the  gas  is  retained  ;  in  the  second  and  third  the  concentrated  solution 
of  SO,  is  formed  and  is  removed  from  cocks  which  are  fitted  into  the  base  of  the  receivers, 

A  very  convenient  and  much  used  apparatus  which  is  suitable  for  either  small  or  large 
quantities  of  sulphur  {from  10  to  60  kilos)  is  that  illustrated  in  Kg.  92.  The  two  super- 
pofled  halves  of  this  furnace  are  made  of  cast  iion  and  are  united  by  bolt&  In  the  int^or 
b  a  pan  which  reoeives  the  sulphur  from  the  cylinder  B,  which  is  furnished  with  a  revolring 
plate  which  can  be  turned  by  the  handle  E  in  such  a  way  as  to  be  able  to  charge  the 
cylinder  B,  even  during  working.  When  the  mouth  of  £  is  closed  the  sulphur  can  be  dis- 
charged into  the  inferior  of  the  furnace  by  turning  the  handle  £^.  By  opening  theaperture 
D  momentarily  the  combustion  can  be  started  by  means  of  ared-hotironrod,  and  this  hole 
ig  then  closed  and  a  regular  current  of  air  passed  through  A  from  a  compressor  or  pump 
in  order  to  bum  the  sulphur.  The  sulphur  dioxide  escapes  tlirough  the  tube  C,  and  is 
conducted  to  the  absorption  or  condensing  apparatus. 

In  order  to  avoid  too  great  a  rise  of  temperature  in  the  interior  of  the  furnace,  which 
would  damage  the  pan  and  cause  the  sulphur  to  distil,  the  whole  apparatus  is  completely 
iuuuotsed  IP  a  bos  through  which  cold  water  runs.      A  furnace  which  bums  100  kilos  of 
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lulphur  in  twenty-four  hours  coetB  about  £24.  Various  improTements  on  this  furnace 
wUI  be  found  described  in  Ger.  Pat.  196,371  of  1907-1908,  and  its  section  ia  Uluatrated  in 
Fig.  93-  The  sulphur  ia  light«d  through  the  aperture  n,  and  during  combustion  the  furnace 
ie  fed  with  sulphur  in  pieces  through  c  into  a  funnel,  /,  which  coatinuoualf  allowa  molten 
sulphur  to  accumulate  in  the  pan  e.  As  the  sulphur  melts,  it  overflows  into  the  furnace  at 
m.  Cooling  is  effected  by  passing  water  over  the  cover  o,  and  air  is  passed  in  under  pressure 
in  order  to  bum  any  sublimed  sulphur  in  the  delivery  tube  b. 

PREPARATION  OF  LIQUID  SULPHUR  DIOXIDE.  In  1878  R.  Piotet  prepared 
liquid  sulphur  dioxide  for  his  ice  machines  by  allowing  a  continuous  stream  of  strong 
sulphuric  acid  to  pass  on  to  molten  aulphur  which  was  placed  in  a  caat-iror  retort  and  heated 
10  400"  :   2H,S0,  +  S  -  3S0,  +  2HjO. 

The  strong  sulphuric  acid  simultaneously  aervea  to  dry  the  SO,  and  to  retain  the  aubiiroed 
sulphur  which  is  carried  over  by  the  gaa  ;  this  is  passed  through  a  loo^e  filter  of  cotton 
wool.  The  gas  is  then  cooled  to  —10°  and  comprcsBcd  in  order  to  obtain  the  liquid. 
R.  PIctet  also  proposed  to  separate  pure  SO]  from  dilute  aqueous  solutions  by  separation 
of  the  water  by  freezing.    Certain  French  works  use  the  Melsena-Pictet  process. 


The  gases  obtained  in  the  combustion  of  pyrites  contain  less  than  9  per  cent,  by  volume 
dE  so,  and  give  very  dilute  solutions  with  water  containing  about  2  per  cent,  by  weight  of 
SO,,  whilst  by  the  above  described  process  the  solutions  contain  from  10  to  12  per  cent,  by 
weight.  The  process  of  Honisch  and  Schroedet  patented  in  1883  and  perfected  later 
(Ger.  Pat.  62,026  of  1889)  is  of  more  industrial  importance. 

Honisch  and  Schroeder  prepare  liquid  sulphur  dioxide  even  from  gases  containing 
4  pet  cent,  per  volnme  of  SO,  only. 

The  complete  plant  is  illustrated  in  Fig.  94.  The  very  hot  gases  proceeding  from  the 
pyrites  burner  a,  to  the  left  of  the  flgure,  are  passed  through  suitable  flues,  which  are  not 
indicated  in  the  figure,  under  alcad  basin,  e,  which  contains  an  aqueous  solution  of  SOj  which 
is  being  evaporated.  Thesomcwhot  cool  gases  then  pass  through  the  tube  a' into  the  lower 
part  of  the  lead  tower  6,  which  is  filled  with  coke  and  in  which  they  rise  and  meet  a  fine 
spray  of  water  which  falls  from  the  top  and  dissolves  alt  the  SO,.  The  other  gases,  O  and 
■V,  pass  to  the  chimney  through  the  pipe  c.  The  dilute  aqueous  SO,  solution  collects  in 
the  pan  b,  at  the  base  of  the  tower,  and  passes  thence  through  the  tubes  d  into  the  evaporat- 
ing pan  «.  The  mixture  of  water  vapour  and  SO,  which  is  formed  enters  the  bottom  of 
the  condensing  tower  g  through  the  tube/.  The  condensing  tower  is  to-day  built  differ- 
ently from  the  one  indicated  in  the  figure  ;  and  it,  together  with  the  other  small  tower,  n, 
ia  replaced  by  a  much  more  effective  lower  which  will  be  described  below.  In  any  case 
moist  SO,  vapour  alone  escapes  from  the  top  of  the  tower  through  the  tube  h,  and  is 
dri«l  in  the  cylindrical  vesaei  i,  through  which  a  spray  of  strong  sulphuric  acid  continuously 
falls.      The  dry  SO)  gas  is  absorbed  and  compressed  by  the  pump  I,  and  then  enters  the 
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spiral  I,  BUiTOunded  bj  cold  water  in  whioh  it  is  liquefied  and  accumulatos  in  the  iron 
receiver  u.  The  iron  cylinders  v,  in  which  the  liquid  80j  is  sold,  are  filled  by  means  of 
mitaUe  cooks,  aa  is  seen  in  the  figure,  and  the  air  which  escapee  from  the  cylinders  enters 
the  vessel  v,  and  togeUier  with  a  small  amount  of  SO^  vapour  passes  into  the  pipe  ir, 
provided  with  pressUre-valves,  and  from  there  is  carried  to  the  base  of  the  tower  h. 

In  order  that  the  whole  plant  may  be  maintained  at  a  fairly  con- 
stant pressure  which  is  not  unduly  affected  by  the  action  of  the  pump, 
a  large  india-rubber  bag,  r,  is  interposed  between  the  pump  and  the  rest 
of  the  plant,  and  serves  to  lessen  the  oscillations  of  pressure. 

Hanisch  and  Schroeder  separate  the  SO,  in  the  tower  g  by  means 
of  a  very  ingenious  principle.  This  tower  to-day  takes  the  form 
indicated  in  Fig.  B5.  A  very  hot  mixture  of  steam  and  SO,  enters 
the  lower  part  of  the  lead  tower,  the  lower  half  of  which  is  filled  with 
day  or  stone  plates  in  order  to  lengthen  the  passage  of  the  gas,  and 
-tiie  upper  part  of  which  contains  coke.  A  very  fine  spray  of  cold 
water  falls  from  the  top  of  the  tower  in  suoh  quantity  that  it  just 
serves  to  condense  the  water  vapour,  which  then  gives  up  its  entire 
heat  of  evaporation  (636  cols.)  to  the  condensed  water  and  mainteine 
it  at  a  temperature  of  abont  100°.  But  at  this  temperature  the  water 
cannot  retain  more  than  O-I  to  0-5  per  cent,  of  SO,,  and  almost  pure 
water  oolloots  at  the  bottom  of  the  tower,  whilst  pure  SO,  only  mixed 
with  a  very  small  quantity  of  water  vapour  escapes  from  the  top  and 
ie  completely  dried  with  H,SO,  in  the  cylinder  i,  shown  in  the 
preceding  figure.  As  we  see,  in  the  older  plant  the  condensed  wat^r 
enters  the  cylinder  n,  through  which  a  jet  of  steam  is  passed,  which 
proceods  from  o  and  carries  over  the  last  traces  of  SO,,  When  the  new 
FiQ.  05.  condensing  tower  is  used  this  operation  is  unnecessary. 

A  proposal  has  been  made  (Ger.  Fat.  160,940}  to  absorb  the  SO, 
from  very  dilute  but  dry  gaseous  mixtures  by  means  of  dicalcium  phosphate : 
2P0,HCa  -I-  2S0,  -i-  2H,0  =  Ca(PO,H,),  +  {SO,H),Ch. 

moDocaldum  cajdum 

phoiphate 


On  then  heating  this  product  to  100°  all  the  SO,  is  driven  ofi  from  the  bisulphite,  and  the 
dicalcium  phosphate  is  regenerated. 

SULPHUROUS  ACID  :  HjSOs 

The  acid  la  not  known  in  the  free  state,  but  is  aupposed  to  exist  in  aqueous 
solntions  obtained  by  saturatii]^  water  with  SO^.  With  time,  and  in  the 
light,  the  solution  decomposes  with  separation  of  sulphur  and  formation  of 
sulphuric  acid  :  380,  +  2HiO  =  2S04Hi  +  S. 

On  the  other  hand,  the  salts  derived  from  this  acid  are  well  known  (Part 
m),  such  as  acid  sodium  sulphite  NaHSOg  (also  called  bisulphite)  and  the 
normal  sulphite  NajSOj,  both  of  which  evolve  SOg  copiously  when  treated 
with  mineral  acids  : 

SOjNaj  +  2Ha  =  2Naa  +  HjO  +  80,. 

The  constitutional  formula  of  sulphurous  acid  Is  supposed  to  correspond 

/OOH  /OH 

to  one  or  other  of  the  two  followins  isomers  :   0  =  S<  or  0  =  8( 

\H  \0H 

Certain  organic  derivatives  correspond  to  the  second  formula,  and  certaiu 
inorganic  salts  to  the  first  asymmetric  formula. 

Sulphurous  acid  is  a  weak  acid  which  is  not  able  to  completely  saturate 
enei^etic  bases,  so  that  the  normal  sulphites  show  a  weakly  alkaline  reaction, 
whilst  the  bisulphites  or  acid  sulphites  show  a  weakly  acid  reaction ;  and 
this  is  easily  explained  by  the  ionic  theory,  on  account  of  the  liydrolyaia 
which  occurs  in  aqueous  solution,  as  has  been  explained  at  length  for  the  salts 
of  sulphydric  acid  (see  pp.  238-239).     Thus  disodium  sulphite,  which  might 
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be  expected  to  show  a  neutral  reaction,  actually  shows  an  alkaline  reaction 
in  aqueous  solution,  because  it  is  hydroUsed  and  alkaline  hydroxyl  ions  are 
forftied  : 

Na^ -SOg"  +  H2O  =  NaHSOs'  +  NaOH'. 

HYDROSULPHUROUS  ACID  :  H^Sfi^ 

Schonbein  already  observed  in  1852  that  iron  and  zinc  dissolve  in  an  aqueous  solution 
of  solphurous  acid  without  development  of  hydrogen,  and  that  the  yellow  liquid  which 
results  has  a  strongly  reducing  and  bleaching  action,  much  greater  than  that  of  SO,, 
especially  for  indigo,  and  that  it  is  easily  decomposed  with  separation  of  sulphur  and 
sulphurous  acid.  The  solution  in  question  contains  hydrosulphurous  acid,  the  com  position 
of  which  is  known  from  that  of  its  salts. 

The  salts,  called  hydrosvlphiiea,  are  stable,  and  are  largely  used  in  various  industries, 
sometimes  under  the  name  of  hyposulphites  {see  Part  III). 

SULPHUR  SESQUIOXIDE  :    S2O3 

This  substance  is  obtained  as  a  blue  mass,  which  is  first  liquid  and  then  solidifies,  on 
dissolving  sulphur  in  liquid  sulphur  trioxidc.  It  is  readily  decomposed  into  SO,  and  sulphur. 
It  decomposes  violently  with  water,  forming  SO,  +  S  +  H2SO4  and  polythionic  acids.  It 
dissolves  in  fuming  sulphuric  acid  to  form  a  blue  liquid.  It  is  used  in  the  manufacture  of 
aniline  colours  (naphthazarine). 


SULPHURIC  ACID:   H^SO, 

At  the  end  of  the  eighteenth  century  Gebir  knew  and  prepared  sulphuric  acid,  which  he 
obtained  by  distilling  alum  and  iron  sulphate. 

About  the  year  1450  Basil  Valentine  obtained  it  by  biuning  sulphur  in  presence  of 
nitre.  Angelo  Sala  obtained  it  in  1613  by  burning  sulphur  in  presence  of  steam  and 
an  excess  of  air,  and  in  1620  Lef^vre  and  L6mery  perfected  Sala's  method  by  employing 
nitre,  as  is  still  done  to-day.^  It  is  found  free  in  nature  in  certain  rivers  in  America 
(Rio  Canea  and  Rio  Vinagre)  which  carry  down  to  the  sea  daily  37,000  kilos  of  sulphuric 
acid  and  31,000  kilos  of  hydrochloric  acid.  The  mineral  waters  of  Levico  in  Trent, 
which  are  used  for  baths,  contain  as  much  as  8*33  grms.  of  free  sulphuric  acid  per  litre. 

It  is  also  found  in  certain  Sicilian  snails  called  Aplisia  :  the  juice  which  issues  from  the 
aperture  of  their  shells  produces  a  strong  effervescence  with  marble,  as  it  contains  as  much 
as  4  per  cent,  of  free  sulphuric  acid. 

It  is  much  diffused  as  calcium  sidphate  in  the  minerals  (gypsum  S04Ca.2H20  and 
anhydrite  S04Ca). 

PHYSICAL  PROPERTIES.  The  sulphuric  acid  which  is  obtained  in 
lead  chambers  (see  below)  contains  about  63  per  cent.,  and  in  order  to  con- 
centrate it,  it  must  be  distilled.  It  is  impossible,  however,  to  obtain  by  dis- 
tillation an  acid  containing  more  than  98-5  per  cent,  of  H2SO4,  because  even 
on  distilling  a  100  per  cent,  acid  obtained  by  other  means  an  acid  of  98*6  per 
cent,  is  always  obtained,  the  rest  being  water  formed  by  the  decomposition 
of  the  acid,  which  has  a  specific  gravity  of  1-842  at  12°.  In  order  to  separate 
this  final  portion  of  water,  the  acid  is  cooled  to  —10°  and  a  few  crystals  of 
purest  frozen  sulphuric  acid  are  then  added.  This  causes  the  crystallisa- 
tion of  sulphuric  acid  free  from  water  from  the  remaining  liquid  from  which 
it  is  separated  by  means  of  a  centrifuge  (Lunge).  The  acid  so  obtained  is 
the  so-called  sulphuric  acid  monohydrate  (SO3  +  HgO).  This  contains  100 
per  cent,  of  H2SO4,  has  a  specific  gravity  of  1'838  at  15°,  and  is  thus  less  dense 
than  the  distilled  acid,  although  it  is  more  concentrated. 

The  monohydrate  already  yields  vapours  of  SO3  and  water  at  40°.  It 
commences  to  boil  at  290°,  and  at  338°  gives  in  this  way  an  acid  containing 

*  Sola  was  a  medical  man  and  chemist  of  Yincentio,  who  lived  at  the  Court  of  JStecklenbnrg  and  introduced 
the  OM  of  lilTcr  niirate  into  medidne. 
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1*6  to  2  per  cent,  of  water.  At  416**  it  dissociates  completely  into  SO3  and 
HjO.  The  acid  of  50*"  B6.  commences  to  boil  at  147°,  acid  of  60°  B6.  at  200°, 
and  acid  of  66°  B6.  (98*6  per  cent.)  has  both  specific  gravity  and  boiling-point 
(338°)  higher  than  that  of  the  monohydrate. 

The  concentrated  acid  is  a  dense  oily  liquid  ;  when  it  contains  15  per  cent, 
of  water  a  crystalline  hydrate,  SO4H2  +  HgO,  separates  at  0°.  This  melts 
at  +  8°  ;  the  hydrate,  SO4H2  +  2lCjO,  is  also  known.  Acid  of  60°  B6.  easily 
freezes  in  winter  and  bursts  the  carboys  in  which  it  is  contained  ;  if  it  is 
somewhat  more  or  somewhat  less  concentrated  it  does  not  freeze. 

On  mixing  with  water  much  heat  is  evolved  with  contraction  of  the  total 
volume  (8  per  cent,  of  contraction  with  27  per  cent.  HgO),  and  in  order  to 
prepare  thejmixture  one  should  always  pour  the  acid  slowly  into  the  water, 
with  thorough  stirring,  and  not  the  water  into  the  acid,  in  order  to  avoid 
spurting  of  the  acid  caused  by  the  large  quantity  of  heat  which  is  immediately 
developed. 

On  mixing  1  mol.  (98  grms.)  of  sulphuric  acid  monohy^drate  with  1  mol.  of 
water  (18  grms.)  26-2  Kj.  (6262  cals.)  are  developed,  with  10  mok.  of  water 
63  Kj.,  with  100  mols.  (that  is,  1800  grms.  of  water)  70-5  Kj.,  and  with  1000  mob. 
74*6  Kj.  (that  is,  17,800  cals.)  are  formed  in  consequence  of  the  formation  of 
a  progressive  series  of  hydrates  and  of  the  contraction  of  volume  {see  p.  27). 

On  the  other  hand,  on  mixing  concentrated  sulphuric  acid  with  snow,  a 
very  high  degree  of  cold  is  produced,  because  the  heat  of  solution  of  the  acid 
is  lower  than  the  heat  of  fusion  of  the  snow. 

The  specific  heat  of  the  nlonohydrate  is  0-3315,  that  of  the  dilute  acid 
(1  to  2  of  water)  is  0-725,  whilst  that  of  1  to  20  of  water  is  0-955,  that  of  water 
being  1. 

The  heat  of  formation  of  H^SO^  is  596  Kj.  (=  142,500  cals.). 

The  vapour  tension  of  the  water  in  40  per  cent,  acid  is  3  mm.  of  mercurj' 
at  20°,  25  mm.  at  60°,  and  143  mm.  at  100°.  In  acid  containing  20  per  cent, 
of  water  the  vapour  tension  is  1  mm.  at  20°,  1-6  at  60°,  and  10  mm.  at  100°  ; 
finally  acid  containing  2  to  10  per  cent,  of  water  shows  no  vapour  tension 
of  water  even  at  100°.  At  concentrations  above  98-5  per  cent,  of  H2SO4, 
the  tension  is  mainly  due  to  vapours  of  SOa-^ 

CHEMICAL  PROPERTIES.  Concentrated  sulphuric  acid  has  so  much 
affinity  for  water  that  it  abstracts  hydrogen  and  oxygen  from  many  organic 
substances,  and  thus  chars  them.  It  is  especially  used  at  concentrations 
above  60°  Be.  for  drying  gases.      Its  vapours  are  already  dissociated  into 
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TABLE  OP  THE  VAPOUR  TENSIOK  OF  WATER  IN  SULPHURIC  ACID 

Tempebaturb 

Specific 

Per 

cent. 

I                                               1                                               1                                                1                                               4                                               1 

gravity 
of  the 

10* 

20'* 

30* 

40« 

SO'' 

60* 

70" 

80" 

90- 

95'' 

»cid 

H.SO. 

Vapour  tension  In  mm.  of  mercury 

1-342 

44 

4*4 

8-5 

15-5 

281 

48-3 

^^^^ 

,      , 

^,.-   . 

1-380 

48 

3*7 

7  1 

13-4 

23-9 

401 

69*0 

107*2 

— 

— 

— 

1*418 

52 

30 

5*8 

10-9 

18*9 

31-6          64-0 

84*5 

131*2 

207*9 

261*5 

1*459 

56 

2*2 

4-3 

8-1 

14-2 

241 

41-6 

65*0 

100-9 

160-0 

195  0 

1-602 

60 

1*6 

3*0 

61 

10*0 

16*9 

28-7 

46*1 

72*3 

118*7 

146*0 

1*647 

64 

1-2 

2*2 

4  0 

6*5 

10-9 

18*7 

30*3 

480 

83-7 

105-0 

1'592 

68 

0*9 

1-5 

3  0 

4-5 

7-2 

12-3 

19*4 

31-4 

56-0 

72*0 

1*638 

72 

0-7 

10 

2  0 

3*2 

4-8 

7-5 

120 

200 

33*7 

43*4 

1-687 

76 

0-4 

0-5 

1*4 

21 

3  0 

4-8     1        7-5    !      11*8 

18*6 

220 

1*733 

80 

0*2 

0-3 

0-8 

1*3 

1-9     1       2-9 

41 

6*2 

9*3 

110 

1*766 

82 

01 

0*2 

0*5 

0-9 

1*4 

20 

2*7 

8-9 

50 

6*8 
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SO3  and  H4O.  It  decomposes  in  contact  with  red-hot  porous  substances. 
SO4H2  =  HgO  +  SOj  +  0  (p.  179).  It  does  not  dissolve  platinum,  gold,  or 
lead,  and  when  very  concentrated  does  not  even  attack  iron  in  the  cold,  and 
may  therefore  be  transported  in  tank  waggons  of  sheet  iron.^ 

It  is  a  strong  acid  which  displaces  other  acids  from  their  various  salts, 
but  at  high  temperatures  it  is  displaced  in  turn  by  acids  which  are  ordinarily 
weak,  but  more  stable  at  such  temperatures,  such  as  boric,  silicic,  and  phos- 
phoric acids. 

In  H2SO4  hexavalent  S  is  probably  present  J:  ^  Q     y!^.    It  is  a  dibasic 

acid  forming  acid  and  neutral  sulphates.  Certain  neutral  sulphates,  for 
example,  that  of  copper,  redden  litmus  paper.  The  sulphates  in  general 
are  insoluble  in  alcohol,  and  the  alkali  sulphates  remain  unaltered  even 
at  the  highest  temperatures,  whilst  the  others  decompose,  forming  metallic 
oxides  +  SO2  +  O. 

Sulphuric  acid  is  poisonous  ;  magnesia  is  used  as  an  antidote,  but  if  the 
acid  is  concentrated  it  immediately  attacks  the  mucous  membrane  of  the 
stomach. 

We  give  on  p.  251  a  table  of  densities  of  sulphuric  add  at  all  concentrations.  It 
should  be  noted  that  beyond  65°  B^.  (90  per  cent.  H2SO4)  it  is  practically  impossible  to 
determine  the  concentration  by  means  of  the  density,  because  this  latter  varies'so  slightly, 
and  the  strength  should  then  be  determined  by  means  of  direct  analysis. 

APPLICATIONS  OF  SULPHURIC  ACID.  This  acid,  like  soda,  is  used 
for  such  various  purposes  that  the  extent  of  its  production  is  a  certain  indica- 
tion of  the  industrial  and  civil  development  of  the  various  nations.  About 
two-thirds  of  the  consumption  of  chamber  acid  is  used  for  the  production 
of  artificial  manures  (superphosphates).  Further  quantities  are  used  in  the 
manufacture  of  stearine,  oleine,  and  soaps,  in  the  tinning  and  "  galvanising  '' 
of  iron,  in  the  dyeing  of  wool  and  silk,  for  the  production  of  sodium  sulphate, 
and  thus  of  soda,  by  the  Leblanc  process,  for  the  production  of  hydrochloric 
and  nitric  acids  of  SO2,  CO2,  the  sulphates  of  copper  and  iron,  of  alum,  boot 
blacking,  &c.  It  is  also  used  in  the  manufacture  of  tartaric  and  citric  acids. 
The  more  concentrated  acid  (66°  B6,)  is  used  in  the  manufacture  of  nitro- 
glycerine and  various  other  explosives,  of  artificial  dyestuffs,  in  the  manu- 
facture of  petroleum  and  mineral  oils,  parchment,  paper,  &c. 

STATISTICS  OF  PRODUCTION  OF  H,S04. 

England  in  1888  produced     800,000  tons  (calculated  at  eO""  Bk) 

1900        „  992,000 

1905    „  1,400,000 

France  in   1889    „  234,000 

1905    „  870,000 

1908    „  1,000,000 


1905    „    1,400,000 
1908    „    1,000,000 


*  Retittanee  of  metaU  to  the  action  of  EvSO^.  Wrought  iron  is  less  resistant  in  tho  heat,  but  in  the  cold,  on 
the  other  hand,  it  is  not  attacked  by  acid  of  greater  strength  than  00**  B6. ;  tho  resistance  is  greater  with  iron, 
which  contains  little  silicon,  much  manganese,  much  combined  carbon,  and  little  graphitic  carbon  (which  is  the 
opposite  to  tho  effect  produced  with  regard  to  tho  resistance  to  allcalis).  Cast  iron  lias  greater  resistance  than 
wrought  iron,  even  at  high  temperatures,  and  is  not  attacked  in  the  cold  by  acid  of  50"  B6.  if  air  is  excluded. 
For  the  storage  of  oleum  (fuming  acid),  on  the  other  hand  (see  bdotc),  wrought-iron  vessels  must  be  used  and  not 
vesaela  of  cast  iron.  Lead  resists  dilute  acid  better  than  concentrated  acid,  and  therefore  the  acid  in  the  lead 
chamber  should  not  exceed  a  strength  of  bO'^  B6. 

Lead  is  the  more  resistant  the  purer  it  is,  and  fusible  alloys  have  only  a  very  slight  resistance.  Hard  lead 
which  contains  2  to  18  per  cent,  of  antimony  is  less  resistant  on  heating.  Bismuth  renders  lead  less  resistant 
even  if  only  0*01  per  cent,  is  present.  Concentrated  Glover  acid  attacks  lead  more  than  concentrated  H,S04. 
ilixtures  of  concentrated  nitric  and  sulphuric  acids,  and  even  concentrated  nitric  acid  (sp.  gr.  1*37  to  1*42),  attack 
lead  very  little  in  the  cold,  whilst  dilute  nitric  acid  dissolves  lead  freely  even  in  the  cold.  Hydrofluoric  acid  attacks 
lead  aligbtly  at  high  temperatures  (Glover  tower) ;  copper  resists  sulphuric  acid  better  than  lead ;  hard  lead 
if  less  resistant  than  pure  lead,  but  develops  less  hydrogen,  and  is  therefore  preferred  for  the  transport  of  sulphuric 
acid  in  dosed  Teasels.  Oleum  attacks  lead  more  than  concentrated  HtSO«. 
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1900  produced      60,000  tons  (calculated  at  60°  B4) 


Japan  in 

1000 

»> 

1905 

Germany  in 

1882 

» 

1901 

>> 

1905 

»» 

1908 

United  States  in 

1905 

64,000 


»»  vrxjwv  ff 

287,000 

857,000 
1,200,000  „ 

1,600,000 
1,090,000 


»» 

»> 


„  (^  catalytic) 


» 


In  1905  Germany  imported  33,874-6  tons  of  sulphuric  acid  at  £2  58,  per  ton,  being 
£76,160,  and  exported  48,754-5  tons  of  the  value  of  £109,600.  In  1908  the  exports  rose 
to  60,000  tons,  and  the  imports  also  rose.  In  1909  the  exports  were  64,000  tons  and  the 
imports  74,400  tons. 

In  1905  the  United  States  produced  92,000  tons  of  sulphuric  acid  from  zinc  sulphide. 
In  1908  there  were  15  works  which  used  crude  stdphur  with  a  yield  of  432  per  cent,  of 
sulphuric  acid  at  50°  B6.  ;  and  105  works,  which  worked  with  iron  pyrites,  with  a  yield 
of  211  per  cent.  £ 

In  Italy  in  1879  13  works  produced    10,000  tons  at  52°  B^.,  value    45,720 

1890  20  „  60,000  „  „  120,000 

1901  30  „  235,000  „  „  357,600 

1903  —  „  263,018  „  „  397,868 

1905  —  „  302,100  „  „  400,908 

1908  90(?)      „  524,210  „  „  840,000 

About  80  per  cent,  of  all  the  sulphuric  acid  produced  in  Italy  is  used  in  manure  factories, 
the  larger  number  of  which  are  connected  with  the  sulphuric  acid  factories.  Six  per  cent, 
is  used  for  copper  sulphate,  3J  per  cent,  for  the  manufacture  of  nitric  and  hydrochloric 
acids,  4^  per  cent,  in  the  preparation  of  sulphates  of  aluminium,  ammonium,  manganese, 
barium,  zinc,  &c.  ;  6i  per  cent,  are  used  for  all  other  purposes.  In  1908  Italy  exported 
200  tons  of  sulphuric  acid  valued  at  £600. 

In  1880  the  world's  production  was  1,850,000  tons,  in  1892  2,818,000  tons,  in  1902 
4,450,000  tons,  and  in  1909  8,000,000  tons  (calculated  at  60°  B6.). 

The  price  of  sulphuric  acid  varies  somewhat ;  crude  lead  chamber  acid  at  62°  B^.  is 
sold  at  about  £1  8*.  per  ton  ;  that  at  60°  Bk  at  about  £2  8*.  per  ton,  at  65°  to  66°  B^.  at 
£3  48.  per  ton. 

PREPARATION  OF  H2SO4.  The  formation  of  this  acid  by  decomposi- 
tion of  certain  metallic  sulphates  is  of  theoretical  interest : 

Ag2S04  +  2HC1  =  2AgCl  +  H2SO4. 
CUSO4  +  H2S  =  CuS  +  H2SO4. 

H2SO4  was  first  prepared  on  a  large  scale  by  heating  iron  sulphate  and 
condensing  the  gas  in  a  little  water,  thus  using  the  sulphur  trioxide  only : 
2FeS04  =  FegOa  +  SOg  +  SO3. 

Attempts  were  also  made  to  obtain  it  by  the  interaction  of  chlorine,  SO2, 
and  water,  as  was  explained  on  p.  165.  Sulphuric  acid  has  recently  been 
obtained  (1910)  by  the  action  of  ultra-violet  rays  on  moist  SO2  {see  Ozone), 
The  preparation  of  H2SO4,  by  passing  the  mixture  of  HgS  and  SO2  (as  obtained 
in  the  recovery  of  sulphur  in  the  Leblanc  soda  works  by  the  Chancel-Claus 
process,  see  Part  III)  over  a  catalytic  mass  of  platinum  at  540°,  has  also  been 
proposed  (Ger.  Pat.  157,589).  In  1909  H.  Trey  (Ger.  Pat.  207,761)  obtained 
sulphuric  acid  by  heating  calcium  sulphate  with  silicious  sand  to  1250"- 
1400°  ;  the  sand  contained  0-5  per  cent,  of  iron  oxide,  which  acts  as  a  catalyst. 
The  mixture  of  SO2  +  O  which  is  formed  may  also  be  used  for  the  catalytic 
preparation  of  SO3  (see  below) ;  the  silicious  residue  from  this  process  may 
be  utilised  in  glass  factories.  This  process  has  already  been  applied  in  a  large 
works.  According  to  a  United  States  patent  (930,471  of  1909),  by  W.  Hallook, 
sulphuric  acid  is  obtained  by  submitting  a  mixture  of  SO2  +  HjO  +  air  to 
the  action  of  radio-active  emanations. 

Sulphuric  acid  is  now  prepared  industrially  from  SOj  obtained  by  burning 
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SPEaFIC  GRAVITIES  OF  SULPHURIC  ACID  SOLUTIONS  AT 

16°  C.  (LUNGE). 
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,     (vacuum) 
4 

«D 

s 

100  parte  by 
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-    i 

lO 

to 

CI 

s 

1 
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SO, 
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SO, 

SO4H, 

SO, 
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1005 

07 

0-68 

0-83 

0-007 

0008 

;  1-495 

47-8 

48-34 

59-22 

0-723 

0-885 

1-015 

21 

1-88 

2-30 

0019 

0-023 

1-505 

48-4 

49-12 

60-18 

0-739 

0-906 

1-025 

3-4 

307 

3-76 

0-032 

0039 

1-515 

490 

49-89 

61-12 

0-756 

0-926 

1035 

4-7 

4-27 

5-23 

0044 

0-054 

1-525 

49-7 

60-66 

62-06 

0-773 

0-946 

1045 

60 

5-45 

6-67 

0-057 

0-071 

1-535 

50-3 

51-43 

63-00 

0-789 

0-967 

1055 

7-4 

6-59 

8-07 

0-070 

0-085 

1-545 

50-9 

52-12 

63-85 

0-805 

0-987 

1065 

8-7 

7-73 

9-47 

0-082 

0102 

1-555 

51-5 

52-79 

64-67 

0-821 

1-006 

1075 

100 

8-90 

10-90 

0-096 

0-117 

1-565 

521 

53-46 

66-49 

0-837 

1025 

1085 

11-2 

1004 

12-30 

0-109 

0-133 

1.576 

52-7 

64-13 

66-30 

0-853 

1-044 

1095 

12-4 

1116 

13-67 

0-122 

0-150 

1-585 

53-3 

64-80 

67-13 

0-869 

1-064 

1105 

13-6 

12-27 

15-03 

0-136 

0166 

1-595 

53-9 

55-65 

68-05 

0-886 

1-085 

1115 

14-9 

13-36 

16-36 

0-149 

0-183 

1-605 

54-4 

56-30 

68-97 

0-904 

1107 

1125 

16-0 

14-42 

17-66 

0-162 

0199 

1-615 

55-0 

57-05 

69-89 

0-921 

1-128 

1135 

171 

15-48 

18-96 

0-176 

0-215 

1-626 

55-5 

57-76 

70-74 

0-938 

1-160 

1145 

18-3 

16-54 

20-26 

0-189 

0-231 

1-635 

56-0 

68-43 

71-57 

0-955 

1-170 

1155 

19-3 

17-59 

21-55 
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0-248 

1-645 

56-6 

59-10 

72-40 

0-972 

1-192 

1165 

20-3 

18-64 

22-83 

0-217 

0-266 

1-655 

57-1 

59-78 

73-23 

0-989 

1-212 

1-175 

21-3 

19-69 

24-12 

0-231 

0-283 

1-665 

57-7 

60-46 

74-07 

1007 

1-233 

1185 

22-5 

20-73 

25-40 

0-246 

0-301 

1-675 

58-2 

61-20 

74-97 

1-025 

1-266 

1195 

23-5 

21-78 

26-68 

0-260 

0-319 

1-685 

58-7 

61-93 

75-86 

1-043 

1-278 

1-205 

24-5 

22-82 

27-95 

0-275 

0-337 

1-695 

59-2 

62-64 

76-73 

1-062 

1-301 

1-215 

25-5 

23-84 

29-21 

0-290 

0-355 

1-705 

59-7 

63-36 

77-60 

1080 

1-323 

1-225 

26-4 

24-88 

30-48 

0-305 

0-373 

1-715 

60-2 

64-07 

78-48 

1-099 

1-346 

1-235 

27-4 

26-88 

31-70 

0-320 

0-391 

1-725 

60-6 

64-78 

79-36 

1-118 

1-369 

1-245 

28-4 

26-83 

32-86 

0-334 

0-409 

1-735 

61-1 

65-50 

80-24 

1136 

1-392 

1-255 

29-3 

27-76 

34-00 

0-348 

0-426 

1-745 

61-6 

66-22 

81-12 

1-156 

1-416 

1-265 

30-2 

28-69 

35-14 

0-363 

0-444 

1-755 

62-1 

66-94 

82-00 

1-175 

1-439 

1-276 

311 

29-62 

36-29 

0-377 

0-462 

1-765 

62-5 

67-65 

82-88 

1194 

1-463 

1-285 

320 

30-57 

37-45 

0-393 

0-481 

1-775 

630 

68-49 

83-90 

1-216 

1-489 

1-295 

32-8 

31-62 

38-61 

0-408 

0-500 

1-785 

63-5 

69-47 

85-10 

1-240 

1-519 

1-305 

33-7 

32-46 

39-77 

0-424 

0-519 

1-795 
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70-45 

86-30 

1-265 

1-549 

1-315 

34-6 

33-41 

40-93 

0-439 

0-538 

1-805 

64-4 

71-50 

87-60 

1-291 

1-581 

1-325 

35-4 

34-35 

42-08 

0-455 

0-557 

1-815 

64-8 

72-69 

89-05 

1-319 

1-621 

1-335 

36-2 

35-27 
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0-471 

0-577 

1-821 
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73-63 

90-20 

1-341 

1-643 

1-345 
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36-14 
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0-486 

0-596 

1-823 
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1-348 
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1-355 

37-8 

37-02 

45-36 

0-502 

0-614 

1-825 

65-2 

74-29 
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1-356 

1-661 
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38-6 

37-89 

46-41 

0-517 

0-633 

1-827 

65-3 

74-69 
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1-364 

1-671 

1-375 

39-4 

38-75 

47-47 

0-533 

0-653 

1-829 

65-4 
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1-372 

1-681 

1-385 
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39-62 

48-53 

0-549 

0-672 

1-831 

65-5 

75-35 

92-30 

1-380 

1-690 

1-395 

40-8 

40-48 

49-59 

0-564 

0-692 

1-833 

65-6 

75-72 

92-75 

1-388 

1-700 

1-405 

41-6 

41-33 

50-63 

0-581 

0-711 

1-835 

65-7 

76-27 

93-43 

1-400 

1-713 

1-415 

42-3 

4217 

51-66 

0-597 

0-730 

1-837 

65-7 

76-90 

94-20 

1-412 

1-730 

1-425 

43-1 

42-96 

52-63 

0-612 

0-750; 

1-839 

65-8 

77-55 

9500 

1-426 

1-748 

1-435 

43-8 

43-76 

53-69 

0-628 

0-769 

.  1-840 

65-9 

7804 

95-60 

1-436 

1-759 

1-445 

44-4 

44-53 

54-55 

0-643 

0-789 

'  1-8415 

1 

79-76 

97-70 

1-469 

1-799 

1-455 

451 

45-31 

55-50 

0-659 

0-808 

,  1-8405 

80-57 

98-70 

1-483 

1-816 

1-465 

45-8 

4607 

56-43 

0-675    0-827 

,  1-8395 

— 

81-18 

99-45 

1-494 

1-830 

1-475    46-4 

46-83    57-37  \  0-691  !  0-846 

'  1-8385 

81-59 

99-95 

1-500 

1-838 

1-485    47-1 

47-57 

58-28    0-707 

0-865 

1 
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iron,  copper,  or  zinc  pyrites  ;  the  copper  and  zinc  are  then  utilised  as  is 
explained  in  Part  III  Copper  Sulphate,  &c.). 

2FeSa  +  110  =  Pe^Oa  +  480,  +  419-8  cals. 

Once  this  reaction  has  been  started  further  heat  is  no  longer  required,  because 
sufficient  heat  is  evolved  during  combustion  to  continue  the  burning  of  the 
pyrites. 

The  gas  which  is  produced  by  burning  the  pyrites  in  suitable  ovens  (see 
below)  contains  7  to  8  per  cent,  of  SO2,  the  remainder  being  air  and  excess  of 
nitrogen.  Steam  and  oxygen  furnished  by  nitrous  fumes  are  added  to  this 
gas  and  the  formation  of  H2SO4  takes  place  in  large  lead  chambers  {see  below). 

The  phenomena  which  occur  in  the  lead  chambers  have  been  the  subject 
of  a  great  deal  of  work  and  of  many  interpretations,  as  will  be  noted  later. 

The  nitrogen  of  the  air  and  the  excess  of  air,  when  they  issue  from  the 
lead  chamber,  carry  with  them  considerable  quantities  of  N^Os  (red  vapours) 
which  are  utilised  by  absorbing  them  with  concentrated  sulphuric  acid  in  the 
so-called  Gay-Lussac  towers.  The  so-called  "  nitrous "  acid,  which  is  a 
solution  of  nitrosylsulphuric  acid  (also  called  Weber's  acid)  in  sulphuric 
acid,  is  thus  obtained : 

2SO4H2  +  N2O3  =  2S^^^^  +  H2O. 

The  nitrogen  oxides  are  recovered  from  this  acid  in  the  Glover  tower, 
through  which  the  current  of  SO2  which  proceeds  from  the  ovens  is  passed 
{see  below). 

The  sulphuric  acid  which  collects  on  the  floor  of  the  lead  chamber  contains 
about  63  to  65  per  cent,  of  H2SO4.  We  will  explain  later  how  this  is  con- 
centrated when  necessary. 

THEORY  OF  THE  FORMATION  OF  H.SO^  IN  THE  LEAD  CHAMBER.  In 

1884-1885  Lunge  and  Naef  ^  showed  experimentally,  by  analysing  the  gases  in  the  lead 

chamber  of  a  large  works,  that  in  the  first  chamber  excess  of  NO  is  present  compared  with 

the  NO2,  and  that  the  gases  are  only  slightly  coloured  ;  in  the  succeeding  chambers 

about  equal  quantities  of  NO  and  NOg  are  always  present.     But  neither  in  any  of  the 

chambers  nor  in  the  acid  which  is  formed  was  excess  of  NOg  present,  nor  .was  nitric  acid 

found,  and  thus  they  beheve  that  the  reaction  is  not  caused  by  the  peroxide  Ng04,  but 

always  by  the  trioxide  NjOj,  with  intermediate  formation  of  crystals  of  nitrosylsulphuric 

acid,  which  give  H2SO4,  with  steam,  regenerating  NgOg : 

/OH 
(1)  2SO2  +  NgOa  +  Og  +  HgO  =  2S0g<  ; 

^ONO 

^  A  theory  had  already  been  propounded  by  C16ment  and  D^sormes  in  1806,  and  was  developed  by  Davy  in 
1812,  which  supposed  the  following  reactions  to  occur  :  2S0,  +  SNO,  +  11,0  =  NO  +  2S0,(0H)(0N0)  (crj'stalu). 
The  NO  is  transformed  into  NO,  by  the  oxygen  of  the  air,  and  the  crj'stals  form  HaSO«  with  steam  and  air 
regenerating  nitrogen  peroxide:  2S0j(0H)  (ONO)  +  HjO  +  O  =  2SO4H,  +  2N0a.  This  theory  was  partiaJlv 
upheld  later  by  Gmeiin  (1852),  Winkler  (1867),  and  Imngc  (1884-1903),  with  certain  modifications  concerning 
the  formation  of  nitrosylsulphuric  acid. 

In  1835  and  1844  Bcrzelius,  who  was  followed  for  some  years  by  many  other  chemists,  maintained  that  the 
formation  of  crystals  was  not  necessary  and  that  the  reaction  occurred  by  the  direct  interaction  of  nitjx)gen  peroxide 
(NO,  or  N,04)SO,  and  water  :  SO,  +  NOj  +  H,0  =  H,80«  +  NO,  and  tliat  the  NO  reacted  with  the  oxygen  of 
the  air  to  re-form  NO,.  He  supposed  confusedly  that  a  mixture  of  N,0,  and  N,04  was  present  in  the  chamber 
which  gave  rise  to  the  formation  of  sulphuric  acid.  Peligot  also,  in  1844,  did  not  admit  that  crystals  were  forme<], 
and  attributed  the  oxidisation  of  the  SO,  to  the  direct  action  of  nitric  acid  and  of  regenerated  nitrogen  peroxide 
N,04,  which  with  water  again  formed  nitric  acid  :   SO,  +  2N0aH  =  SO.H,  +  NjO*. 

In  1867  R.  Weber  showed  that  the  theory  of  Peligot  was  untenable  because  HNO,  in  contact  with  SO,  forms 
H,S04  slowly,  whilst  the  reaction  is  easy  with  nitrous  acid  (HNO,  or  N,0,),  especially  If  this  is  dissolved  in  water 
or  dilute  HaSO*,  even  without  the  formation  of  crystals :  SO3  +  NjO,  +  H,0  =  2N0  +  HaSO^.  In  1867  C. 
Winkler  nutintained,  on  the  other  hand,  tliat  nitric  oxide,  which  is  formed  in  the  reaction,  is  transformed  into 
NO,  or  N,04  by  the  oxygen  of  the  air,  and  that  this  forms  a  white  cloud  of  crystals  of  nitrosylsulphuric  acid  in 
contact  with  SO,  and  water  vapour.  This  cloud  is  deposited,  and  in  contact  with  the  hot  dilute  sulphuric  acid 
of  the  chamber  decomposes  into  H,SO«  and  NO,  which  latter  is  evolved  as  gas  and  again  takes  part  in  the  cycle 
of  reactions. 
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/OH 

(2)  2S0g<;  +  HgO  -  2H,S04  +  NjOj. 

^ONO 
In  order  to  explain  why  the  excess  of  NO  is  present  in  the  first  chamber  where  the  reaction 
is  more  energetic  and  the  temperature  higher,  Lunge  suggested  later  that  a  direct  action 
also  occurred  between  nitrosylsulphuric  acid  and  SO2,  an  excess  of  NO  being  thus  generated 
according  to  equation  (3). 

(3)  2S0g  .  OH  .  ONO  +  SO,  +  2H2O  «  3S04Ha  +  2N0. 

He  supposed  that  the  nitrogen  oxide  thus  formed  in  its  turn  renders  the  process  in  the  first 
chamber  more  active  by  directly  transforming  SO,  into  nitrosylsulphuric  acid,  with  the 
help  of  air  and  water  vapour : 

(4)  2SO2  +  2N0  +  30  +  H2O  «  2S0,(0H)(0N0). 

The  reactions  which  occur  in  the  lead  chamber  are  in  part  reversible,  and  in  order  to 
explain  them  according  to  the  law  of  masses,  it  is  necessary  that  there  should  be  certain 
relations  between  the  reacting  substances  in  order  that  the  reaction  may  proceed  in  a  given 
sense.  Thus,  if  air  or  nitrous  vapours  are  present  in  abimdance  the  reactions  (1)  and  (4) 
preponderate,  whilst  if  there  is  a  relative  excess  of  SOgthe  reaction  (3)  will  preponderate, 
and  the  gases  are  lighter  in  colour  through  the  formation  of  colourless  NO.  This  does 
not  matter  in  the  first  chamber  because  NO  is  able  to  give  the  reaction  (4),  but  it  is  harmful 
if  it  occurs  in  the  last  chamber,  and  NO  is  then  lost,. because  it  is  not  absorbed  by  fij^^i 
in  the  Gay-Lussac  tower.  NgO,  should,  therefore,  abound  in  the  last  chamber  (reaction  ( 1 ) ), 
so  that  all  the  SO^  may  be  utilised.  The  vapours  in  the  last  chamber  should  be  strongly 
yellowish  brown  in  colour  (NjOg).  In  general,  then,  the  process  in  the  chambers  is  regular 
and  good  if  oxygen  and  nitrous  vapours  are  abundantly  present,  otherwise  SO,  is  lost, 
and  if  excess  of  air  alone  be  present  this  is  incapable  of  oxidising  SOg  and  transforming 
it  into  H2SO4.  During  normal  working  not  more  than  0*5  per  cent,  of  the  sulphur  burned 
in  the  ovens  should  be  present  in  the  final  gases  in  the  state  of  SO^. 

The  equilibrium  between  the  various  reactions  in  the  interior  of  the  lead 
chambers  is  very  complex,  and  depends  upon  three  principal  factors,  namely, 
the  quantitative  relation  between  the  reacting  substances,  the  temperature 
and  the  volume  of  the  lead  chamber.  The  formation  and  decomposition  of 
nitrosylsulphuric  acid  is  closely  connected  with  the  vapour  tension  inside 
the  chamber,  and  thus  depends  on  temperature,  and  on  the  concentration 
of  the  sulphuric  acid  in  the  chamber  itself,  as  well  as  on  that  of  the  condensed 
liquid,  which  is  suspended  in  droplets  as  a  mist.  It  is  necessary  to  remember 
that  the  solution  of  NaOj  in  H2SO4  (nitrosylsulphuric  acid)  has  lesser  vapour 
tension,  and  is  therefore  the  more  stable,  the  greater  is  the  concentration  of 
the  acid  and  the  lower  the  temperature,  whilst  the  tension  of  the  N2O3 
increases  with  dilution  of  the  acid,  that  is,  by  the  action  of  water,  and  with 
elevation  of  the  temperature,  that  is,  the  nitrosylsulphuric  acid  then  re- 
generates N2O3  and  H2SO4.  In  order  to  deduce  a  priori  the  state  of  affairs 
in  the  lead  chamber,  one  must  consider  the  temperature,  the  concentration 
of  the  acid  which  collects  in  the  chamber,  the  quantity  of  water  vapour,  &c. 

Lunge,  Hurter,  and  Sorel  have  been  able  to  demonstrate  experimentally 
that  in  the  lead  chamber  the  process  of  sulphuric  acid  formation  corresponds 
very  well  to  that  theoretically  derived  from  the  tension  of  H2SO4  vapours  (in 
hquid  or  in  drops). 

Of  late  years  it  has  been  found  that  the  so-called  blue  acid,  HgSNOg  (sul- 
phonitronic  acid  discovered  by  Sabatier),  may  be  formed  in  Gay-Lussac  towers, 
when  an  excess  of  nitrosylsulphuric  acid  has  been  formed,  or  when  the  tem- 
perature is  higher  than  30®,  in  presence  of  the  coke  which  fills  the  tower.  This 
acid  decomposes  to  form  sulphuric  acid  with  loss  of  NO.  Baschig  maintains 
that  this  acid  is  always  formed  as  an  intermediate  product  in  the  production 
of  sulphuric  acid,  and  Lunge  admitted  in  1907  that  the  reaction  (1)  occurs  in 
two  phases  :  (la)  SOjj  +  NO^  +  HgO  =  H^SNOg,  and  (16)  2HaSN05  +  0  = 
HjO  +  2HSNO5    (nitrosylsulphuric    acid),   and    that   the   reaction   (3)    also 
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occurs  in  two  phases  :  (3a)  2HSNO5  +  SOj  -f  2H2O  =  H2SO4  +  2H2SN05, 
and  (36)  HgSNO^  =  H2SO4  +  NO,  and  then  the  cycle  of  reactions  which 
forms  sulphuric  acid  is  completed  by  reaction  (4a)  2N0  +  O2  =  2NO2, 
which  re-enters  into  reaction  (la). 

In  1895  and  1901  Ostwald  endeavoured  to  explain  the  formation  of 
sulphuric  acid  in  the  lead  chamber  by  attributing  it  to  the  catalytic  action  of 
NgOs,  which,  without  taking  any  part  in  the  reaction,  was  able,  he  supposed, 
to  increase  the  velocity  of  reaction  SO2  +  0  +  HgO  =  SO4H2,  which  under 
ordinary  conditions  is  very  slow  and  almost  imperceptible.  In  1903,  how- 
ever, Lunge  maintained  that  one  cannot  speak  of  a  catalyst  when  the  forma- 
tion of  intermediate  products  and  the  very  great  facility  of  reaction  of  thesie 
products  without  the  intervention  of  the  catalyst  have  been  demonstrated. 

In  the  case  of  true  catalytic  action  there  are  no  intermediate  reactions, 
and  the  catalyst  merely  accelerates  reactions  which  would  take  place  ver^^ 
slowly  without  it,  though  in  some  cases  they  need  several  years  in  order  to 
become  apparent  (see  p.  68).  It  is  maintained  by  some  that  H2SO4  is  only 
formed  in  the  chamber  in  contact  with  the  leaden  walls,  which  would  thus 
act  as  catalysers,  and  hence  the  tendency  to  increase  the  surface  area,  as,  for 
example,  in  Gilchrist's  process. 

The  theoretical  interpretation  of  the  reactions  taking  place  in  the  lead 
chamber  is  continuously  under  discussion,  and  the  arguments  have  not  yet 
terminated,  but  are  being  energetically  carried  on  with  much  abundance  of 
theoretical  arguments  and  experimental  results  by  Lunge,  Raschig,  and  others. 

In  1904  to  1908  Raschig  attributed  to  the  crystals  of  the  lead  chamber 
the  constitutional  formula  SO2  (OH)  (NO2)  (nitrosulphonic  agid),  but  he  also 
supposed  the  intermediate  formation  in  the  chamber  of  nitrososulphuric  acid, 
HSNO4  (thus  HNO2  +  SO2  =  HSNO4),  which,  with  HNOg,  forms  blue  acid, 
H2SNO5. 

In  1904  Trautz,  on  the  other  hand,  combined  the  various  reactions  of 
Lunge  and  Raschig,  and  arrived  at  the  following  inclusive  equation : 
SO2  +  2N0  +  0  +  H2O  =  H2SO4  +  2N0,  that  is  to  say,  he  supposed  that 
NO  acts  as  a  catalyser  only,  without  taking  part  in  the  reaction. 

From  1893  to  1910  Jurisch  maintained  that  the  reactions  of  Lunge  and 
Raschig  only  take  place  when  the  lead  chamber  is  behaving  abnormally 
(that  is,  when  there  is  an  excess  or  deficiency  of  steam,  air,  or  nitrous  pro- 
ducts, &c.).  In  the  complete  absence  of  water  even  nitrogen  may  be  formed  : 
3SO2  +  N2O3  =  3SO3  +  Ng,  whilst  during  normal  working  the  presence  of 
N2O3  suffices  to  explain  the  continuous  formation  of  sulphuric  acid  by  means 
of  a  catalytic  action  or  by  continuous  regeneration  from  NO  and  the  atmo- 
spheric oxygen. 

INDUSTRIAL  PREPARATION   OF   SULPHURIC   ACID 

This  industry  has  to-day  acquired  an  extraordinary  importance  in  every  country, 
serving  as  the  basis  of  many  other  industries,  and  the  development  of  the  sulphuric  acid 
manufacture  is  justly  used  as  a  measure  of  the  industrial  progress  of  a  nation.  For  this 
reason  we  will  enter  into  various  details  in  describing  the  most  important  operations  and 
processes  of  this  industry,  which  is  very  extensive  in  Italy .1 

^  The  flist  sulphuric  acid  works  was  erected  by  >Vard  in  1740  at  Richmond,  near  London.  He  heated  a  mixture 
of  salpbur  and  saltpetre  in  iron  capsules  and  collected  the  sulphuric  acid  vapours  in  glass  vessels  of  300  litn> 
capacity,  containing  a  little  water.  The  product  was  concentrated  by  heating  the  ghLss  vessels  in  a  sand-bath, 
but  great  inconvenience  was  caused  by  the  facility  with  which  the  vessels  were  broken.  In  order  to  avoid  this 
trouble,  Roebuck  and  Garbett  in  1746  replaced  them  by  receptacles  or  chambers  of  lead  about  two  metres  wide, 
in  which  a  furnace  in  the  centre  produced  the  acid  from  sulphur  and  saltpetre.  In  1766  this  method  was  flr»t 
introduced  into  France  by  Holker  (at  Rouen)  ;  in  1774  La  Follie  also  passed  a  jet  of  steam  Into  the  lead  chamber ; 
and  in  1793  C16ment  and  B69orme»  showed  the  importance  of  a  current  of  air  in  the  lead  chamber,  which  facilitated 
the  formation  of  sulphuric  acid  and  effected  a  notable  saving  of  nitre  and  sulphur.  Thus,  before  that  time  only 
130  kilos  of  sulphuric  acid  were  obtained  from  100  kilos  of  sulphur,  whereas  to-day  this  yield  is  more  than  doubled. 
They  had  then  already  correctly  interpreted  the  process  of  sulphuric  acid  formation,  and  said  that  the  nitric  acid 
was  merely  a  means  of  fixing  (by  means  of  nitrous  vapours)  the  oxygen  of  I  he  air  vhich  transformed  the  SO4 
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Very  little  pure  sulphur  is  to-day  employed  as  the  source  of  sulphur.  The  sulphur 
which  is  obtained  in  the  purification  of  lighting  gas,  which  contains  it  as  HjS,  is  sometimes 
used,  and  so  is  that  regenerated  from  the  residues  of  the  Leblanc  soda  industry.  During 
the  last  few  years  Oddo  has  proposed  the  use  of  sulphur  ores  directly,  but  on  account  of 
certain  technical  difficulties  and  for  economic  reasons  it  does  not  appear  to  be  practicable. 
Almost  all  sulphuric  acid  is  to-day  obtained  from  pyrites. 

PYRITES.  Pyrites  is  the  material  which  is  to  far  the  greatest  extent  used  to-day, 
especially  iron  pyrites,  FeSj,  which  theoretically  contains  63-33  per  cent,  of  sulphiu*.  This 
is  foimd  abundantly  in  large  mineral  deposits  in  various  countries,  and  often  contains 
admixtures  of  sulphides  of  lead,  zinc,  copper,  &c.  In  such  cases,  the  copper,  lead,  zinc, 
gold,  nickel,  selenium,  tellurium,  thallium,  &c.,  which  it  may  contain,  are  also  utilised 
and  the  sulphur  is  thus  obtained  at  a  lower  cost. 

Pyrites  are  most  abundant  in  Spain,  in  which  country  there  are  deposits  107  kilo- 
metres long  and  30  kilometres  broad  ;  at  some  points  their  depth  reaches  40  metres  and 
they  contain  about  50  per  cent,  of  sulphur  (see  section.  Iron  Sulphide). 

In  Italy  the  most  important  deposits  of  pyrites  are  in  the  Val  d'Aosta,  containing 
48  to  60  per  cent,  of  sulphur  and  much  arsenic  (and  about  1  per  cent,  of  zinc,  whilst  the  pyrites 
of  Brosso  contain  a  maximum  of  0*2  per  cent.).  There  are  also  important  mines  in  Libiola 
near  Genoa,  in  Bergamasco,  with  about  0*6  per  cent,  of  As  ;  in  Venoto  ( Agorda  and  Vicenza), 
in  PaUanza  (30  to  36  per  cent,  of  sulphur  and  up  to  1  per  cent,  of  nickel),  in  the  Island  of 
Elba,  in  Traversella,  &c.  ;  and  pyrites  containing  a  considerable  amount  of  copper  are 
found  in  certain  Tuscan  mines.  Pyrites  containing  less  than  30  per  cent,  of  sulphur 
bum  badly.  The  consumption  of  pyrites  for  sulphuric  acid  manufacture  in  Italy  in  1893 
was  about  60,000  tons,  whilst  the  consumption  of  sulphur  for  the  same  purpose  was  1000 
tons.  In  1908  Italy  produced  132,000  tons  of  pyrites,  and  imported  164,400  tons,  of  which 
about  half  came  from  Spain.  The  world's  consumption  exceeded  3,000,000  tons.  Pyrites 
are  bought  according  to  the  percentage  of  sulphur,  and  for  each  unit  of  sulphur  3'ld,  to 
5'Zd.  is  paid  per  ton.  Pyrites  containing  50  per  cent,  oi  sulphur  at  4'8<i.  per  imit  thus 
cost  £1  per  ton  at  Genoa  (customs  charges  not  included). 

The  sulphur  contained  in  pyrites  as  copper  sulphide  is  not  much  utilised,  because  it 
partially  forms  calcium  sulphate  with  calcium  carbonate.  That  contained  as  zinc  sulphide 
was  formerly  only  utilised  to  one-half  its  extent,  but  it  is  better  utilised  to-day. 

When  100  kilos  of  pyrites  are  burned  70  to  73  kilos  of  ash  are  obtained,  which  consists 
almost  entirely  of  iron  oxide,  FcjO,  {burnt  pyrites),^ 

Pyrites  containing  copper  are  more  valuable,  but  it  is  necessary  to  only  roast  them  to 
such  a  point  that  the  copper  still  remains  in  the  form  of  sulphide,  because  it  is  thus  more 

into  S0«.  In  1835  the  first  Qay-Lussac  towers  were  installed  in  France  for  the  condensation  of  nitrous  vapours 
and  effected  a  great  economy  of  saltpetre. 

In  1861  the  first  Glover  tower  was  erected  at  Newcastle  in  order  to  regenerate  the  nitrous  vapours  condensed 
by  Bolphoric  acid  in  the  Gay-Lussac  tower.  Until  about  the  year  1835  Sicilian  sulphur  liad  always  been  employed 
for  the  mano&cturo  of  sulphuric  acid,  but  when  the  Government  of  Ferdinand  II.  of  Bourbon,  at  Naples  in  1858, 
conceded  the  monopoly  of  sulphur-mining  to  the  House  of  Taix-Aycard  and  Co.,  of  Marseilles,  a  concession  which 
raised  the  price  from  9«.  7d.  to  2S».  per  ton,  all  Europe  endeavoured  to  obtain  sulphur  from  other  sources,  especially 
from  pyrites ;  and  America  alone  used  impure  Sicilian  sulphur,  containing  90  per  cent,  of  sulphur,  until  1882. 
In  1835  Perret  had  already  devised  a  furnace  for  roasting  pyrites  and  obtaining  the  sulphur  in  the  form  of  SOg ; 
sod  in  1852  Usiglio  proposed  the  use  of  muffle-furnaces,  which,  however,  left  a  residue  containing  15  per  cent, 
of  sulphur.  From  1848  to  1867  the  furnaces  were  further  perfected  by  Perret  and  then  by  Oliver  constructing  the 
bumacs  with  several  grates  in  order  to  bmn  lumps  of  pyrites  as  well  as  a  more  finely  divided  product. 

The  first  sulphuric  works  in  Italy  was  constructed  in  1805  and  enlai^ed  in  1815  in  the  Church  of  San  Vincenzo 
al  Prato  in  Milan,  conceded  freely  by  Napoleon  to  Francesco  Fornara  di  Massimo  d'Arona.  The  Sclopis  works  at 
Turin  were  erected  about  the  year  1845  with  lead  chambers  (though  for  many  years  these  works  produced  H,S04 
without  chambers),  and  a  few  years  afterwards  the  important  works  of  Candiani  and  BiBi  at  Milan  were  erected. 

^  The  utilisation  of  burnt  pyrites  is  a  problem  which  has  not  been  solved,  and  in  many  cases  the  works  are 
more  or  leaa  choked  by  the  enormous  masses  of  this  by-product  which  have  accumulated.  In  1874  Hochberger 
advised  the  use  of  burnt  pyrites,  after  sifting,  for  the  polishing  of  glass  and  mirrors ;  and  it  has  been  used  for 
this  purpose,  but  the  consumption  is  absurdly  small.  It  is  also  used  as  road  metal,  but  even  then  gives  very  much 
dust.  It  is  employed  for  absorbing  HtS  in  gas  manufacture,  but  is  not  so  suitable  for  this  purpose  as  limonite, 
and  reqaim  larger  plant  than  the  latter.  Buisine  uses  it  for  the  preparation  of  sulphur,  ferrous  sulphate  and 
ferric  sulphate,  by  heating  it  with  acid  at  W  B6.  Attempts  have  also  been  made  to  manufacture  bricks  from 
burnt  pyrites.  Arnois  obtained  a  red  mineral  pigment  similar  to  colcothar  by  mixing  it  with  3  to  4  per  cent,  of 
NaCl  and  OaOOt  and  heating  to  redness  in  an  oxidising  furnace.  Pyrites  burnt  in  lumps  still  contains  1*5  to  3 
per  cent,  of  solphor,  and  burnt  powdered  pyrites  from  0*7  to  1*5  per  cent.  Cupriferous  pyrites  contains  1*5  to  3 
per  cent,  of  soiphar  after  burning,  which  is  partially  present  as  sulphide  and  partly  as  sulpliate.  A  considerable 
quantity  of  burnt  pyrites,  containing  comparatively  little  sulphur,  is  utilised  in  large  metallurgical  centres  for 
the  preparation  of  iron  in  blast-furnaces.  It  does  not  stand  heavy  freight  charges,  and  therefore  in  certain  centres 
where  large  quantities  of  burnt  pyrites  are  obtained  it  may,  perhaps,  pay  to  erect  a  small  blast-furnace  for  the 
piodoction  of  Iron  of  poor  quality,  which  has,  however,  only  a  low  value. 
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eadly  eitracted.  Load,  rinc,  and  calcium  carbonate  are  diBadrantageouH  in  iron  pyrites 
because  they  form  insoluble  sulphate  on  roasting.  Caldum  fluoride  produces  HF  which 
damages  stoneware  and  lead  appaiatns.  H  the  pyrites  contain  arsenic,  arsenic  trioxide 
is  totmed.  This  is  sometimes  harmful,  and  the  acid  ot  the  first  chamber  may  contain 
up  to  0-2  per  cent,  ot  As,  and  that  from  the  Glover  tower  up  to  0>35  per  cent,  PjTitea 
which  are  poor  in  sulphur  give  a  smaller  rdaiive  yield,  and  the  cost  of  working  is  pro- 
portionately greater  for  the  same  quantity  of  sulphur  than  in  the  case  of  rich  pyrites. 

PYRITES  BURNERS.  The  first  burners  were  those  of  OHvier-Perret  which  worked 
badly  on  account  of  the  varying  size  of  the  crushed  pjiites.  In  the  works  ot  Haletia 
at  Kouen  and  at  St.  Denis,  separate  faurnora  are  constructed  for  roasting  pyrites  in  lumps 
and  in  powder.  These  Maletra  furnaces  are  in  general  use  to-day,  with  various  modifications 
in  all  works. 

The  pyrites  first  pass  through  a  rock-breaker  (Fig.  98)  which  is  able  to  treat  40  to  130 
tons  of  pyrites  in  ten  hoitts  ;  86  per  cent,  of 
the  product  consists  ot  pieces  as  large  as 
nnta  and  14  per  cent,  of  small  pieces  and 
powder. 

The  mineral  is  charged  into  the  rock- 
breaker  on  the  left  and  falls  on  to  the  Tertical 
grooves  ot  a  hard  oast-iron  plate,  to  which  a 
vertical  oscillatory  movement  is  imparted  by 
meaus  ot  large  flywheels,  and  a  sort  of  masti- 
cation ot  the  mineral  is  thus  effected. 

(a)  Pyrites  Burners  for  Lumps,  The 
fnrnaces  are  constructed  oi  brickwork  and 
the  floor  is  formed  of  a  grate  ot  removable 
bars  on  which  the  lumps  of  pyrites  are  dis- 
tributed. The  relationslup  between  the  surtacc 
of  the  grate,  the  height  ot  the  layer  ot  pyrites, 
and  the  quantity  which  can  be  burned  in 
twenty-tour  hours,  has  to  be  determined  for  any 
given  quality  of  ore,  A  furnace  which  was  em- 
ployed with  satisfactory  results  in  Must^att's 
Fio.  96.  works  is  constructed  with  a  grato  containing 

fifteen  bars  ot  square  cross-aection  arranged 
in  such  a  manner  that  their  comers  are  opposite  to  one  another :  {'Cy  \y )  i  these  occupy 
a  surface  of  about  2  sq.  metres.  They  are  charged  with  a  layer  of  pyrites  60  cm.  deep, 
and  450  kilos  are  burned  per  twenty.tour  hours,  the  residue  containing  2  per  cent,  ot  S, 

As  many  as  twelve  double  furnaces  are  arranged  in  one  row,  bo  that  there  are  twenty- 
tottt  furnaces  in  all,  and  these  are  charged  every  twelve  hours,  the  moss  being  light«d  from 
above  by  means  of  two  pieces  of  red-hot  coke.  Before  rechorging  the  furnace  the  residue 
of  burnt  pyrites  and  cinders  is  made  to  tall  by  turning  the  square  bars  in  such  a  way 
that  the  intervals  are  enlarged  ( Q  D  )■ 

In  order  to  avoid  fusion  of  the  ash  in  the  case  of  rich  pyrites,  a  smaller  amount  is  charged 
into  the  furnace.  The  temperature  ot  the  gas  which  leaves  the  ovens  vanes  between 
400°  and  500°.  The  access  ot  the  air  is  regulated  by  a  sliding  damper  which  is  placed 
under  the  grate. 

(6)  Furnaces  for  Pyrites  Powder.  Maletra  furnaces  are  ordinarily  used.  These 
were  shown  in  1873  at  the  International  Exhibition  in  Vienna. 

They  are  formed  by  double  furnaces  placed  back  to  back  and  joined  to  one  another, 
each  being  formed  ot  six  hearths  of  fireclay  6  to  7  cms.  thick,  connected  with  one  another 
and  supported  in  the  middle  in  such  a  way  that  the  ail  hear  ths  are  each  about  3  metres  long 
and  about  80  cms.  wide  (Fig.  97). 

In  twenty.four  hours  30  kilos  of  pjTit«B  can  be  burned  per  square  metre  ot  surface. 
When  the  furnace  is  new  it  must  be  heated  to  a  dark  red  heat  for  the  first  time  very 
slowly  and  with  very  great  precautions,  by  means  ot  a  separate  hearth,  which  is  then  bricked 
up  when  the  furnace  has  reached  the  necessary  temperature.  During  this  interval  the 
furnace  gases  pass  out  through  the  chimney,  but  when  the  pyrites  commence  to  bBm, 
the  communication  with  the  chimney  is  closed  and  the  gases  are  then  turned  into  the 
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Glove,  toTO.     Th,  tot  oi«g.  f,  compo,«l  of  Ihln  l,y„,  oi  po.d,r«i  pwjta,  „„  „oi, 

»^.  loolj  ton  U»^,h  .b„„  to  th.  „.«  hewt  Mow,  Ih.  hill,  M^  Ln  «1S 

S  .t^^/  *        i"^  c»t  ot  .„lph„,  ,hfl.t  i.  th.  ftot  t™,»«  „  much  „  10  p»  c-t. 

mtonn»Um,n  waggon.  pliKHrfb.low,»nd  are  th.nrem.v«l 

150^rf^,rf;^  U  «l.bli.h,i  th.  upper  h«nh  of  ,«h  !„„„.  1.  charged  with 

atructed  that  the  gases  are  forced 
to  purano  &  zigzag  path  by  means 
of  transverse  walls ;  and  if  the 
pyrites  contain  much  arsenio  the 
gases  must  also  be  passed  through 
very  long  -wide  flues,  where  the 
AsjO,  is  deposited. 

In  Germany,  where  zinc  blende 
is  very  abnndfuit,  special  large 
muffle-furnaces  are  constructed  in 
order  to  utilise  the  sulphur  which 

If  molten  slag  is  formed  on 
the  hearth,  this  must  be  imme- 
diately removed  from  the  furnace, 
as  otherwise  it  increases  in  quan- 
tity and  canses  loss  of  sulphur  (up 
to  10  per  cent.). 

The  gases  which  are  formed  in 
these  pyrites  burners  are  ordinarily 
eompoHod  of  7-5  to  8  per  cent,  by 
volume  of  S0„  10  to  11  pec  cent, 
ot  oxygen  (of  which  about  4  per 
«mt  is  fmiher  utilised  to  trans- 
form the  SO,  into  S0„  and  the 
other    6    to    7   per   cent,    is    in  >: 

PicesB),  and  80  to  81   per  cent,  of  ■.-.•^■'         .         .         ,         .         i,. 

nitrogen.     The  furnace  gases  are  Pro.  07. 

hot  and  cause  a  draught  in  the 

direction  of  the  lead  chambers,  in  which,  in  spite  of  tie  condensation  of  the  sulphuric 
acid,  there  is  always  a  slight  pressure  which  is  increased  by  the  steam-jets.  If  the  chambers 
we  not  perfectly  gas-tight  losses  easily  occur,  as  Jeta  ot  gas  escape  at  the  damaged 
points. 

(c)  Rotary  Mechanical  Furnaces  for  Burning  Pyrites.  These  are  more  expensive 
than  Haletra  furnaces  aod  require  motive  power,  and  also  produce  some  dust.  They  have, 
iiowever,  the  advantage  that  they  can  be  fed  much  more  regularly  without  the  necessity  of 
the  entry  of  a  la^e  excess  of  air  ;  and  they  also  greatly  economise  manual  labour,  which 
is  of  special  advantage  where  this  is  very  dear. 

These  furnaces  were  introduced  industrially  after  the  year  1870  by  the  brothers 
Macdougall  of  Liverpool,  but  presented  so  many  inconveniences  that  they  have  since 
been  repeatedly  modified  and  have  been  abandoned  by  some  works.  Since  1891 ,  however, 
the  improvementa  introduced  have  been  so  marked  that  they  have  gradually  replaced,  with 
advantage,  the  Maletra  furnaces. 

A  mechamcal  furnace  which  has  yielded  good  results  is  that  used  by  Frasch  since 
1890,  especially  for  the  treatment  ot  the  metallic  sulpbidea  which  are  obtained  in  the  puri- 
fication of  petroleum,  (Sulphur  is  separated  from  petroleum  during  distillation  in  presence 
of  a  mislure  ot  much  copper  oxide,  lead  oiidc,  and  iron  oxide}  (we  vol,  ii.  "  Organic 
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CSiemistFy  ").  Fig.  98  shows  such  a  funtooe  of  five  metree  diameter,  formed  of  Kreral 
VHilted  pUoes  on  which  toothed  arms  of  cast  iron  fixed  to  a  central  vertioal  shaft  rotate. 
A  oontinuous  current  of  cold  water  passes  in  at  the  bottom  of  this  shaft  through  tbo  inlemal 
tube  E'D  from  the  reservoir  placed  above  the  furnace.  This  water  also  circulates  in  the 
lateral  arms  in  such  a  manner  that  all  parts  of  the  iron  are  cooled,  whilst  in  other  mechanical 
furnaces  they  are  always  worn  out.  The  hot  water  which  escapes  at  the  top  of  the  tube  t 
is  Dtilised  in  the  boilers.  The  sulphide  is  added  in  lumps  through  the  aperture,  n,  and  on 
the  highest  hearth  it  is  moved  by  the  arm,  U,  which  carries  teeth  at  a  certain  angle,  from 
the  ciroumfeTence  towards  the  centre  where  it  passes  through  an  aperture  which  carries 
it  to  the  second  hearth  in  which  the  revolving  arm  carries  teeth  inclined  in  the  opposite 
direction,  so  that  the  mineral  is  carried  from  the  centte  to  a  suitable  opening  at  the  circum- 
ference, where  it  falls  on  to  the  third  hearth,  and  so  on  in  the  following  hearths.  An 
adjustable  current  of  air  enters  through  the  lower  apertures,  *  and  r,  and  causes  the 
combustion  of  the  sulphides. 

The  SO,  gas  and  aii  pass  out  at  the  t«p  of  the  tube  P,  and  deposit  all  the  dust  in  chambers, 
Jf,  M',  and  Jtf",  where  they  are  forced  to  pursue  a  lengthy  zigzag  path  before  arriving  at 
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the  tube  Q,  which  conducts  them  to  the  Glover  tower.  The  burnt  pyrites  are  completely 
discharged  through  the  aperturee  i.  The  working  of  these  fumaoe«  appears  to  be  satiB- 
faotory,  and  about  thirty  were  at  work  in  the  year  1902. 

Herreshoff,  on  the  other  hand,  constmcts  similar  furnaces  in  which  cold  air  drculates 
instead  of  water.  KauSmann  has  recently  modified  these  mechanical  furnaces  still  further. 
In  1901  thirty  works  in  America,  Germany,  and  England  introduced  many  of  these  furnaces, 
some  of  which  bum  five  tons  of  pyrites  in  twenty-four  hours.  In  order  to  work  seventy 
of  these  automatic  burners  in  one  works,  only  two  operatives  are  required.  More  than 
fifty  of  these  {umaces  have  also  been  introduced  into  Italy  ;  and  in  Europe  about  3U0 
were  at  work  in  190e. 

INCLINED,  CYLINDRICAL,  ROTARY  FURNACES,  into  which  pyrites  continually 
enter  at  one  end  and  air  for  the  combustion  at  the  Other,  were  suggestad  by  Duooo  in  190G, 
and  after  various  modifications  and  experiments  mode  in  the  wtnfa  of  Rifredi,  near  Florencf . 
they  have  also  been  employed  in  certain  other  Italian  works.  The  internal  surface  of  these 
Ducco  bumcTB  is  formed  with  spiral  grooves  which  facilitate  descending  movements  of  the 
pyrites  without  the  production  of  much  dust :  there  is  an  ingenious  device  for  feeding  in 
the  pyrites  oontinuously. 

SULPHUR  BURNERS.  By  starting  from  crude  sulphur  in  the  manufacture  ol 
sulphuric  acid  a  greater  expense  is  incurred  than  when  pyrites  are  used.  However,  certain 
advantages  ore  obtained  in  some  cases  which  cannot  be  obtained  with  pyrites.     It  is  ol 
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idnntege  tlut  the  guea  aniTing  in  the  lead  chamber  ahottld  contain  »  high  peroentoge  ai 
SO^  that  is,  that  they  should  be  diluted  as  little  as  possible  with  inert  gases,  and  thu 
object  \a  attained  by  burning  aulphur,  whilst  when  pyrites  are  bumt  the  gases  are  mixed 
with  air  and  with  much  nitiogen  formed  from  the  air  which  has  been  deprived  of  oxygen 
by  oiidisation  of  the  iron  in  the  pyrites  ;  Uiey  are  thus  more  dilute  ;  and  in  order  to  obtain 
Ml  equal  production  of  sulphurio  acid  lead  chambers  about  25  per  cent,  larger  are  required 

and  the  burners  are  also 
more  costly,  gulphur  also 
yields  a  purer  add,  free 
from  iron  and  arsenic. 

The  combustion  of  sul- 
phur is  ditGcult  to  regulate, 
because  when  once  it  has 
been  8tArt«d  so  much  heat  is 
developed  that  the  sulphur 
distils  and  then  enters  the 
lead  chamber  yielding  a 
turbid  sulphuric  acid. 

The  best  of  these  fur- 
I  naces  is  the  double  ooe 
I  described    by  Lui^    and 

P"'-? !....? ! I f«'^     shown  in  Fig.  99.    The  sul- 

Fio.  99.  ptur  is  charged  on  to  iron 

trays  with  up-turned  rime, 
a.  sapported  in  the  interior  of  the  brickwork  furnace  by  snppoite  which  form  the  flues,  6, 
through  which  cold  air  enters  from  the  openings,  d,     Tliis  air  cools  the  trays,  thus  regu- 
laling  the  heat  supplied  by  the  burning  sulphur,  and  escapes  hot  through  the  aperture,  c, 
after  which  it  is  utilised  as  a  source  of  heat.     The  hot  fumes  from  the  burning  sulphur  pass 
through  the  aperture,  h,  into  the  chamber,  g,  whore  they  heat  vessels  containing  sodium 
nitrate   and  sulphuric  acid  for  the  production  of  nitrous  vapours.     The  distilled  sulphur 
is  here  bumt,  and  the  whole  of  the  gases  pass  through  the  tube,  t,  into  the  leaden  tube,  k, 
leading  to  the  lead  chamber,  which  is  common  to  two  adjoining  furnaces.     Air  may  be 
admitted  through  the  aperture,  h,  in  order  to  secure  the  complete  oxidisation  of  the 
sulphur  vapours.     In  these  furnaces  150 
kilos  of  sulphur  are  burned  in  twenty-four 
hours  per  square  metre  of  trays.  For  every 
two  furnaces,  which  are  charged  alternately, 
there  is  one  pipe,  k,  which  carries  the  gaseous 
mixture  into  the  first  lead  chamber. 

As  we  have  already  stated,  Oddo  has 
recently  proposed  (1907  and  1910)  to  bum 
sulphur  ores  directly  in  somewhat  modified 
mechanical  Herreshoff  fumaoee.  He  pro- 
posed to  form  briquettes  of  5  parts  of 
"sterro  "  (which  contains  40  per  cent,  of 
sulphur  on   an  average)  with  1    part  of 

crude  sulphur,  rendered  compact  in  presses  Pto.  kxi. 

heated  in  furnaces  to  140°.    The  resulting 

material  containing  60  per  cent,  of  sidphur  would  thus  cost  about  £1  4a.  per  ton  at  the 
port  of  Genoa.  Itcannotbcdenied  that  pyrites  of  the  same  strength  only  cost  £1,  and  havein 
the  post  costless  than  1S«.  The  other  small  advantages  accruing  to  sulphuric  acid  mann- 
lacturera  using  this  conglomerate  of  Oddo  do  not  appear  sufGcient  to  induce  them  t^  abandon 
the  use  of  pyrites.  This  wotdd  only  be  possible  if  the  sulphur-containing  agglomerates 
wereplacedon  the  market  at  a  price  lower  than  or  equal  to  that  of  pyrites.  If  its  use  were  to 
become  very  general,  then  it  would  be  possible  to  place  it  on  the  market  at  lower  prices, 
LEAD  CHAMBERS,  The  gases  pass  to  the  lead  chamber  by  means  of  a  leaden  tube 
60  to  80  cm-  in  diameter  ot  a  temperature  of  60°  to  90°  ;  in  some  works  the  temperature 
of  the  gas  may  even  be  100°,  a  temperature  which  is  easily  reached  in  furnaces  burning 
sulphur,  whilst  gases  from  pyrites  fumacee  at  300°  to  400°  cool  down  during  their  passage 
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through  the  Glover  tower,  and  where  this  ie  lacking  are  cooled  by  a  jet  of  water  or  b;  being 
used  to  heat  lead  pane  containing  sulphuric  add  for  conoentratlon.  The  lead  chamben 
are  supported  on  pillars  at  a  height  of  from  two  to  three  metres  above  the  ground,  so  that 
the  ascending  current  of  hot  gases  from  the  furnaces  may  be  utilised,  and  in  order  that  any 
leakage  of  the  condensed  acid  through  the  chamber  floor  may  always  be  noticed  (Fig.  100). 
At  the  bottom  a  firm  wooden  framework  carries  the  base  of  the  chamber  which  consiBta 
of  closely  fitting  wooden  planking  3  cm.  thick,  firmly  bolted  together  and  impregnated  and 
covered  with  water-glass  ;  the  floor  of  the  chamber  rests  on  this  platform  and  is  tornifd 
of  soldered  leaden  plates  of  a  thickness  of  about  3  mm.  This  leaden  floor  has  tumed-up 
sides,  60  cm.  or  more  high,  and  holds  the  acid  which  is  formed.  The  walls  and  roof  are 
supported  by  a  firm  wooden  framework  to  which  they  ore  fixed  by  strips  of  lead  to  which 
they  are  soldered.  The  vertical  walls  do  not  touch  tJie  bottom,  but  hang  at  a  distance  of 
1  to  2  cm.  above  it,  so  that  the  bottom  of  the  chamber  is  closed  by  a  kind  of  hydraulic  seal 
formed  of  the  condensed  acid. 


Fra.  101 

The  volume  of  the  lead  chambers  must  be  large,  because  the  yield  is  belter  when  the 
reactii^  gases  are  well  mixed,  and  since  8140  litres  of  reacting  gases  are  forpied  per  kilo 
of  sulphur  in  the  pyrites,  the  volume  is  so  reckoned  that  IJ  kilos  of  pyrites  burnt  in  twenty- 
four  hours  correspond  to  about  1  cu.  metre  in  the  lead  chamber.* 

A  system  of  three  or  four  chambers  is  generally  used.  The  first  is  the  largest  and  collects 
the  greater  portion  of  the  acid  ;  the  last  (the  tail  chamber)  is  the  smallest,  and  is  mainly 
used  for  cooling  and  drying  the  gas.  The  draught  in  the  chambers  is  produced  by  tie  hot 
gases  which  pass  into  the  Glover  tower,  by  the  condensation  which  occurs  in  the  chambers, 
and  by  the  absorption  of  gas  in  the  Glover  tower. 

Suflicient  steam  must  be  passed  into  the  lead  chambers  to  transform  all  the  SO,  of  the 
burning  sulphur  into  sulphuric  acid,  and  to  yield  an  acid  in  the  first  chamber  of  50°  to' 62°  Bi., 
that  is,  about  2  kilos  of  steam  per  kilo  of  sulphur.  When  Glover  towers  are  used  60  per 
cent,  of  steam  is  sufficient.' 

>  ThlB  chsmbet  iHStn  lor  llltcen  to  twenty  I'can,  according  lo  tbe  Inteiulty  wltli  whlcb  it  Ii  irarkHl.  Good 
inulta  BFE  obtalnft]  vLtb  cbambci  eyatcnui  ot  4000  cu.  metr«i,  In  coanectlan  wltb  vUoh  about  T  tont  ct 
pyrLWa  are  burned  In  twenty-four  hours.  Esch  cubic  metre  ol  volume  of  mcb  ■  ctamber  requites  about  WO  10 
£50  kUoi  of  lead  pMet  ol  3  mm.  tbickneu. 

'  In  OTdec  to  economlec  fuel,  Ihe  use  ol  a  line  nater-spny  Instead  ol  atiiani-JetB  in  tb«  lead  cbamber  hai  brfU 
propoted,  Md  ita  application  haa  In  general  produced  favourable  risulta.  The  water  and  tha  dry  iteam  ue  Intro 
dOMrt  at  tba  top  ot  the  flnt  chamber  by  ate  to  eight  jet»  In  clone  proilmlty  to  the  Glover  tow«c. 
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The  nitrotis  fumes  are  produced  in  the  nitre  pots  whioh  are  placed  between  the  dust 
flues  and  the  Glover  tower,  and  are  heated  by  the  gases  from  the  pyrites  burners.  The 
reagents  consist  of  equal  weights  of  nitrate  and  of  H2SO4  at  50°  B6.  They  are  contained 
in  small  lead  vessels,  and  a  residue  of  sodium  disulphate  is  obtained. 

In  some  cases  instead  of  the  employment  of  nitre  pots  nitric  acid  is  dropped  directly 
with  the  nitrous  sulphuric  acid  into  the  Glover  tower.  In  Fig.  101  an  old  plant  is  shown 
which  would  have  to  be  modified  in  various  respects  to-day. 

The  gases  pass  from  the  burners,  A,  into  the  dust  flues,  and  then  through  the  pipe,  O, 
into  the  Glover  tower,  E,  and  thence  at  the  top  into  the  lecid  chamber,  G.  They  pass  out 
from  the  opposite  end  of  this  chamber  below  and  ascend  by  a  tube  into  the  upper  part  of 
a  second  chamber,  and  so  on  through  a  third  chamber  or  more.  They  pass  into  the  vessel* 
M,  from  which  they  enter  the  Gay-Lussac  tower,  Z>,  from  the  top  of  which  a  spray  of  sul- 
phuric acid  passes  from  N  and  dissolves  the  nitrous  fumes.  This  acid  passes  through  the 
tube  L  to  the  pulsometer,  H,  which  raises  it  through  the  tube  K  to  the  top  of  the  Glover 
tower  where  the  nitrous  vapours  are  regenerated. 

In  ordinary  lecid  chambers,  working  regularly,  2^  to  3^  kilos  of  H2SO4  calculated  at 
100  per  cent,  can  be  produced  per  cubic  metre  in  twenty-four  hours,  and  correspond  to 
4  to  5}  kilos  of  sulphuric  acid  of  50°  B6. 


Fio.  102. 


Fia.  102  a. 


Fig.  102  2^. 


TANGENTIAL  LEAD  CHAMBERS.  In  1882  Abraham  stated  that  the  gases 
entering  the  ordinary  lead  chamber  pursue  a  spiral  path.  In  1898  Th.  Meyer  (Ger. 
Pat.  301,376)  observed  that  if  the  gases  are  made  to  enter  tangentially  at  the  base  of  a 
cylinder  and  are  made  to  issue  from  the  top  through  an  aperture  in  the  centre  of  the  cover, 
the  gas  in  the  interior  of  the  cylinder  pursues  a  spiral  course,  and  the  same  thing  occurs 
if  the  gas  enters  tangentially  at  the  top  and  issues  at  the  base  through  a  central  aperture 
as  indicated  in  Fig.  102  (a).  In  ordinary  lead  chambers  the  gases  have  a  tendency  to 
pursue  a  rectilinear  path  and  do  not  mix  much.  Therefore  it  is  necessary  to  construct 
very  large  chambers  which  are  very  costly.  If,  on  the  other  hand,  the  chambers  are  con- 
structed of  a  cylindrical  shape  and  the  gases  enter  tangentially  at  the  top  and  issue  through 
a  hole  in  the  centre  of  the  floor  (Fig.  102  (&))  contact  between  the  gases  is  so  intimate  and 
rapid  that  the  same  quantity  of  sulphuric  acid  may  be  produced  with  two-thirds  of  the 
volume  of  the  ordinary  lead  chamber,  and  thus  with  a  correspondingly  less  expense  for 
plant.  In  the  cylindrical  lead  chambers  172  kilos  of  3  mm.  lead  sheet  are  used  per  cubic 
metre,  whilst  in  the  ordinary  rectangular  chambers  at  least  200  kilos  are  required.  In 
1903  tangential  lead  chamb^s  of  a  combined  capacity  of  40,000  cu.  metres  had  already 
been  constructed  in  various  works  and  produced  160  tons  of  H2SO4  per  day.  Each  cubic 
metre  of  the  chamber  produces  4  kilos  of  H2SO4,  and  in  some  cases  even  6  kilos,  in  twenty- 
four  hours. 

Fig.  102  indicates  diagrammatically  a  system  of  five  tangential  chambers  in  a  sulphuric 
acid  factory.  The  ehr»ded  square  on  the  left  indicates  tho  pyrites  burners  and  above  this 
is  ^e  Glover  tower  and  below  the  Gay-Lussac  tower,  which  receives  the  gas  which  Iq 
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passed  through  the  five  chambers.  The  temperature  in  the  first  chamber  is  regulated  by 
meana  of  a  group  of  lead  tubes  which  pass  from  the  top  to  the  bottom  of  it,  and  tlirou^h 
i^ch  cold  water  circulates,  which  is  used  to  feed  the  boilers.  More  recently  this  burdlc 
of  tubes  baa  been  replaced  by  a  large  central  ring  open  above  and  at  the  base,  through 
which  air  oirculat«B,  so  that  the  true  chamber  is  formed  by  the  interval  between  the  external 
cylinder  and  the  internal  cylinder  which  forms  the  ring.  In  1906  Th.  Meyer  (Ger.  Pat, 
186,164)  improved  the  system  by  increasing  the  size  of  the  first  chamber  and  making  the 
next  one  or  two  chambers  gradually  smaller,  introducing  the  gas  tangmtially  at  two 
points  at  different  heights  in  each  chamber  in  order  to  obtain  more  complete  admixture. 

An  important  modification  of  the  form  of  the  lead  chamber  has  Etlso  been  introdaoed 

industrially  by  F.  J.  Falding  of  New  York  (U.S.  Pat.  932,771  of  1909).     He  usea  a  single 

lead  chamber  which  is  one  and  a  half  times  higher  than  it  is  broad.     The  gases  from  the 

Glover  tower  enter  at  the  top  and  pass  out  at  the  base  ;  but  since  they  are  still  very  hot 

thoy  are  cooled  in  a  cylindrical  tower  before  being  passed  into  the  Gay-Lusaac  tower. 

By  Falding's  system  40  per  cent,  of  lead  is  saved  for  a  given  yield.     With  a  single  Glover 

tower  several  of  these  vertical  chambers  may  be  fed  at  onoe.     But  it 

should  be  noted  that  in  1908  0.  Guttmann  had  already  propoeed  and 

described  lead  chambers  similar  to  those  patented  by  Falding. 

PLATE  TOWERS  OF  LUNGE  AND  ROHRMANH.  For  the 
I  purpose  of  increasing  the  intimate  contact  of  the  gases  and  obtaining 
a  more  rapid  production  of  acid  Lunge  in  1887  suggested  the  replace- 
ment of  lead  chambers  by  towers  formed  of  close-fitting  plates  of 
perforated  earthenware.  These  towers  were  gradually  improved  and 
in  1903  23,000  plates  were  in  ueo  altogether  in  various  works,  pro- 
ducing 160  tons  of  H,804  per  day.  100  ou.  metres  in  these  tower« 
produce  as  much  as  750  cu.  metres  of  tangential  chambers,  or  11,000 
cu.  metres  in  rectangular  chambers. 

The  prime  cost  of  these  towers  is  somewhat  high,  and  for  an  equal 
production  of  acid  towers  of  100  cu.  metres  would  cost  about  £800, 
whilst  760  cu.  metres  of  tangential  lead  chambers  would  cost  about  £560. 
Plate-towers  have  also  been  proposed  for  the  diminution  of  the 
volume  of  the  lead  chambers  by  interposing  them  between  one  chamber 
and  another.  They  may  also  replace  Gay-Lussoc  towers,  aa  we  see  in  Fig. 
103.  The  practical  advantages  of  these  towers  have  been  excessively 
exaggerated  by  some  and  much  depreciated  by  others.  As  towers  inter- 
posed between  the  chambers  they  increase  the  resistance  to  the  current 
Fia.  103.  of  gas,  and  this  is  remedied   by  means   of  a  hard-lead  aspirator  at 

the  tail  end  of  the  chamber.  The  yield  from  these  towers  is  especially 
hi^  if  they  are  fed  from  above  with  nitrous  sulphuric  acid.  Large  economies  of  space 
are  effected  by  the  use  of  these  towers  and  the  supervision  is  rendered  easier.  In  England 
these  interposed  towers  are  somewhat  common,  but  the  replacement  of  steam  by  water- 
sprays  has  not  been  foiuid  advantageous,  perhaps  because  steam  is  very  cheap  in  England. 
In  Fig.  104  are  shown  drawings  of  a  works,  both  in  section  and  in  plan,  for  the  pro- 
duction of  eleven  tons  of  11,80^  per  day.  The  lead  chamber,  B,  is  7'25  metres  high,  8'4 
metres  wide,  and  25  metres  long,  and  receives  the  furnace  gases  through  two  Glover  towers, 
O  and  A.  The  gases  then  pose  through  five  plate-towers,  as  is  seen  on  the  plan  in  the  figure, 
and  are  collected  by  the  aspirator,  Z,  which  passes  them  through  a  small  plate-tower 
which  acts  as  a  Gay-Lussac  tower,  £,.  and  then  through  a  large  Gay-Lusaac  tower,  Lp 

Gilchrist  proposes  the  replacement  of  lead  chambers  by  towers  traversed  horiiontally 
in  all  directions  by  a  large  number  of  lead  tubee  which  pass  from  one  portion  to  another, 
and  into  which  cold  air  is  injected  in  order  to  regulate  the  reaction.  Such  towers  have 
been  applied  in  America. 

GAY-LUSSAC  TOWERS-  These  towers  were  suggested  by  Gay-Lussac  in  1827  and 
were  applied  for  the  first  time  at  Chnuny  in  1835.  In  Germany  they  are  constructed  with 
stoneware  tubes  of  80  cm.  diameter  and  SO  cm.  high,  superposed  to  a  height  of  12  metrea. 
These  towers  are  to-day  constructed  entirely  of  lead  and  about  2  metres  above  the  ground, 
in  the  form  of  cylinders  12  to  13  metres  high  and  21  to  3  metres  in  diameter,  supported 
by  vertical  beams,  and  dip  almost  to  the  bottom  cf  a  lead  receiver,  which  is  turned 
up  at  the  sides  to  a  height  of  about  16  cm.,  so  that  a  hydraulic  seal  is  formed  by  the  add 
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which  collects.  The  tower  is  filled  inaide  with  acid-resistant  bricksoFBtonoB,  and  at  a  height 
of  ametre  thisBubdivided  material  ie  supported  by  a  Btiong  grating  of  lead.  The  gases  from 
4000  cu.  metres  of  lead  ohamberB  can  be  handled  in  auah  a  tower  of  55  ou.  metres  oapadty. 


Fm.  104, 


The  (oworH  were  at  one  time  filled  with  lumps  of  cake,  but  these  (saused  loss  of  nitfaie 
and  other  inconveniences'  (obstructions,  fto.).' 

To-day,  however,  they  ore  filled  to  one-third  of  theii  volume  with  small  cylinders 
or  clay  spheres  which  ace  close-packed ;  they  are  followed  above  by  a  layer  of  hard 


Fro.  105. 

compact  coke.  Nitrons  gases  enter  at  the  bottom  from  the  last  lead  chamber,  and 
concKitrated  sulphuric  acid  of  60°  to  62°  B6.  falls  from  above,  being  subdivided  into 
thin  continuous  streams  by  means  of  the  apparatus  indicated  in  Fig.  106,  which  also 
forma  the  roof  of  the  tower,  being  closed  by  grooves  forming  a  hydraulic  seal ;  the  add 

'  When  snlphnr  ii  bornt  the  lower  need  only  be  8  metres  high.  With  p: 
ti  to  18  metm,  accordlDg  to  lh«  liie  ot  the  etumben.  The  volume  of  the 
in  Kid  ol  Sl°  B«.  should  be  about  1|  per  cent,  of  the  voluiac  of  the  lead 
JiDied,  lt>  volome  •bonld  be  S  per  cent,  otth&t  of  the  chtmbeiB.  Tonereot  r 
tmetn*  wld(. 


:a  the  height  v>ri«  (rom 
tower  Then  It  Is  ted  with 
and  If  in  Mid  of  00°  Bt. 
g-iectJOD  have  aidea  shout 
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spray  dissolves  the  nitrogen  oxides   contained  in  the  gaaes  which  isane  from  the  le&d 
chamber  and  forms  the  so-called  mtroua  sulphuric  acid,  which  is  a  solution  of  oitrosyl- 

,  ONO 
Buiphuric  acid,  S0,\  in  sulphuric  acid. 

About  500  litres  of  sulphuric  acid  of  62°  B&  are  passed  through  the  Gay-Lussac  tower 

.  for  every  ton  of  pyrites  which  ia  burnt,  and  at  the  base  of  the  toner 

J    ■  a  nitrous  sulphuric  acid  of  59°  to  60°  Bt  collects,  eontaining  7  to  8 

per  cent,  of  nitrosjlsulphuric  acid  (  =  2-4  per  cent.  NgO^),  and  is 

_  titrated  with  a  solution  of  potassium  permanganate.     The  absorbing 

power  for  nitrous  lumcs  appears  to  be  greatly  increased,  in  fact,  more 

than  doubled,  if  an  acid  of  64°  to  56°  B£.  is  used  for  absorption  (Ui>in]; 

and  Petersen ;  Ger.  Pat,  217,723  of  1908).     Plate-towere  ore  also  used 

to-day  instead  of  Gay-Lussac  towers. 

The  acid  for  use  in  the  Gay-Lussao  towers  is  collected  in  receivers 
of  lead,  stoneware,  or  cast  iron  (pulsometers,  acid  elevators,  pressure 
pots,  acid  eggs,  or  Montejus),  from  which  it  is  raised  by  means  of  air 
from  a  pressure-pump  through  stoneware  or  leaden  pipes. 

These  elevators  are  known  in  various  forms,  ond  to-day  those  are 
preferred  which  work  automatically.  The  simplest  non -automatic  type 
is  illustrated  diagrammatically  in  Pig.  lOfl  and  con^sts  of  a  vertical 
cylinder  of  cast  iron  or  lead  into  which  the  acid  eaters  through  the 
tube  a  which  communicatos  with  a  large  reservoir.  When  the  cylinder 
is  full  the  cock  on  this  tube  is  closed  and  that  conveying  the  com- 
pressed air  ia  opened ;  this  then  acts  on  the  surface  of  the  odd  and 
Fio.  100.  forces  it  to  rise  to  the  desired  height  up  the  tube  c,  which  reaches  t 

the  bottom  of  the  cylinder. 

When    the    cylinder    is    empty    the     opera- 
tions are  recommenced  as  at  first  by  again 

fiUing  the  pot  with  add.  In  order  to  prevent  the 

add  from  acddentally  getting  into  the  air-tube 

and  pump,  the  air-tube  reaches  the  cylinder  at  a 

height  of  three  or  four  metres  from  the  acid, 

and  there  is  always  a  cock  attached  to  the 

cylinder   by  which  the  air  pressure  may  be 

relieved  when  operations  are  to  be  stopped.     An 

automatic  pulsomeler  or  acid  elevator  is  shown 

in  Pig.  107.    The  add  which  is  to  be  raised  is 

kept  in  the  reservoir,  ft,  and  descends  into  the 

cylinder,  b,  by  raising  the  valve,  t,  and  entering 

the  elevator  through  the  tube  g.      The  air  dis- 
placed by  the   acid   passes  through  the  small 

U-tube  /  and  escapes  through  tube  d.      If  the 

cock  of  the  tube  e  is  opened,  then  before  the 

pulsometer   is   full   the   compressed  air  which 

passes  in  through  the  tube  e  escapes  through 

the  tubes  /  and  d,  but  when  the  acid  reaches 

a  level  higher  than  m  the  tube  /  is  filled  and 

the  air  compression  closes  the  valve,  >,  and  I 

prevents  any  further  arrival  of  add  ;  whilst  that 

contained  in  b  rises  up  the  tube  d  to  the  height 

required  as  long  as  the  pre.'wuro  lasts.     When 

the  vessel,  b,  is  empty,  or  almost  empty,  the  compressed  air  is  again  able   to   escape 

through  /  and  d,  and  the  pressure  which  had  shut  oft  the  valve,  i,  ceases,  so  that  add 

enters  and  the  operations  proceed  afresh.     The  cylinder,  b,  can  be  filled  and  emptied 

about  thirty  to  forty  times  an  hour.    The  Schiitze  acid  elevator  is  very  useful  for  econo- 

miaing  compressed  air  (and  therefore  motive  power)  and  works  still  more  automatically 

than  the  others.     It  is  therefore  much  used  because  a  maximum  economy  of  compressed 

air  is  obtained.      Whiht  the  liquid  to  be  elevated  enters  through  the  valve  A  (Fig.  108) 


1^^ 


Fio.  107. 
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the  nir  at  first  contained  in  the  receiver  escapes  throogh  the  valve  D,  When  tbe  liq,uid 
reaches  the  upper  ball,  £,,  of  the  float,  C,  this  rises  and  ita  upper  arm  closes  the  outlet 
valve  D,  at  the  same  time  opening  the  valve  E,  which  gives  access  to  comptessed  air,  and 
the  liquid  then  rises  through  the  tube,  G,  to  the  desired 
height.  When  the  level  of  the  acid  in  the  receiver  has 
dropped  to  the  lower  ball,  S,  of  the  float  this  drops  and 
closes  the  valve  E,  and  the  remaining  air  pressure  suffices 
to  completely  empty  the  receiver.  Then  only  the  escape- 
ment valve  D  reopens,  bo  that  all  pressure  ceases,  and 
the  receiver  is  again  filled  quite  automatically  bj  the  add 
which  enters  from  A  b;  lifting  the  ball-valve  A,  which 
was  closed  whilst  there  was  air  pressure  in  the  receiver. 
During  the  filling  of  the  receiver  the  upper  pact  of  the 
tube,  Q,  remains  full,  because  the  ball  of  the   valve   O 

*•    Forty-five  pulsations  [fiUiugs  of  the  receiver)  may  be 
obtained  per  hour.     In  order  to  raise  a  liquid  of  density 
1-8  to  a  height  of  10  metres  the  air  must  have  a  pressure  of 
about  2}  atmospheres.    This  apparatus  may  be  used  for  any 
liquids,  and  for  acids  it  is  constructed  of  cast  iron  which 
may  be  lined  with  lead,  or  in  the  case  of  hydrochloric  acid 
it  is  made  of  stoneware,  and  in  the  case  of  fatty  acids,  of 
copper. 
j2>       We  will  describe  another  apparatus  for  raising  liquids 
which  is  often  used  industrially,  and  which  we  have  already 
mentioned     in    the 
chapter  on  the  ex- 
traction oE  sulphur 
from  the  interior  of  { 
the    earth    fay    the 
Prasch     system    {p, 
199).      This   is   the 
so-called    MammoOt 
pump.  With  an  equal 
air  pressure  a  heavy 
Pjq  108  liquid  may  be  raised 

to   a  greater   height 

than    with  an  ordinary    pump,    if    the  column 

of    liquid   to  be   raised    is    rendered   lighter    by 

emulsifying  it  with  air  or  sometimes  even   with 

water.     If  the  sulphuric  acid  in  the  tank  E  (Fig. 

100)  is  to  be  lifted  into  the  receiver,  L,  it  is  first 

passed  into  a  U-shaped  tube,  O,  at  a  lower  level 

than  the  tank  ;   at  the  lower  part  of  this  U-tubo 

there  enters  on  the  left   a  tube.  A,  from  which  a 

very  fine  jet  of  compressed  air  is  blown,  which 

emulsifies  the  liquid  and  raises  it  to  the  tank  L 

by  the  long  tube,  BK.    At  the  top  the  air  separates 

from  the  liquid  acd  is  set  free. 

The   Glover    tower   serves   three    important 

purposes  :   firstly,  it  cools  the  furnace  gases  down 

to  60°  to  100°  ;   secondly,  it    concentrates  the 

chamber  acid  of  50°  to  53°  B6.  up  to  60°  to  62°  Bi. ;  F,a,  109, 

thirdly,   it   denitrifies   the   acid   proceeding   from 

the  Glover  tower,  and  at  the  same  time  washes  the  furnace  gases.     It  consists  of   a 

cylindrical   leaden   tower  about  3  metres  in  diameter   and   8   to    10   metres  high  (Fig. 

110),  supported  by  on  external  framework  of  wood  or  cost  iron  and  protected  inside  to 

lwo>thirds  of  its  height  by  a  lining  of  acid-resistant  bricks.     It  is  then  filled  with  bricks 

of  the  same  material  or  with  small  cylinders  or  spheres  of  clay  which  lie  on  perioTat«d 
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horizontal  planes  of  earthenware  which  are  supported  by  small  pillars  at  the  base  of  the 
tower  ;  the  base  is  united  to  tho  cylindrical  portion  and  reata  on  stones  contained  in  a 
vessel  in  which  water  circulatee  in  order  to  cool  the  base  of  the  tower.  The  tower  is 
raised  two  or  three  metres  above  the  ground  in  order  to  allow  room  for  the  spiral  coolers 
which  cool  the  acid  issuing  from  the  base  which  is  still  very  hot  (up  to  160°). 

In  the  upper  part  of  the  tower  there  are  two  lead  vessels,  one  of  which  contains  nitroua 
sulphuric  acid,  comprising  two-thirds  of  the  whole  acid  used,  and  of  a  strength  of  56°  to 
60°  B^.,  and  containing  2}  to  3  per  cent,  of  N,0,,  and  the  other  eulphuric  acid  from  tlii- 
chambers.  The  two  supplies  of  acid  are  slowly  distributed  as  a  spray  by  arrangements  similar 
to  those  shown  in  Fig.  105,  p.  203.  They  mix  in  the  tower  and  descend  against  the  cum-nt 
of  hot  SO,  gases  coming  from  the  pyrites  burners,  through  an  earthenware  pipe  incaspd 
by  metallic  sheeting.  The  nitfous  vapoors  are  liberated  and  escape  into  the  top  of  the  tower 
together  with  SO^  and  air,  passing  out  through  a  leaden  tube  which  conducts  them  to  the 
upper  part  of  the  first  lead  chamber.  At  the  base  of  the  tower  concentrated  sulphuric  acid, 
up  to  63°  B^.,  collects  and  is  free  from  nitrous  compounds.' 

It  is  not  advisable  to  concentrate  the  add  in  tho 
Glover  tower  to  a  strength  above  63°  Bt  because  the 
leaden  walls  of  the  tower  are  otherwise  attacked. 
Ordinarily  acid  of  60°  to  61°  is  obtained  and  passes 
out  of  the  tower  at  a  temperature  of  126°  to  145°, 
after  which  it  is  cooled  with  water  which  passes 
through  lead  coils  before  being  collected  in  tanks  of 
cast  or  wrought  iron.  About  40  per  cent,  of  the 
water  vapour  required  in  the  lead  chambera  is  fur- 
nished by  the  Glover  tower.  In  order  to  produce 
160  kilos  of  sulphuric  add  of  53°  B&  without  the 
Glover  tower,  22  kilos  of  coal  are  necessary  for  steam 
production,  whilst  when  the  Glover  tower  is  used  only 
13  kilos  are  required  for  this  purpose.^ 

Hegeler   and   Heintz  (Fr.   Pat.    341,267   of    1904) 

■  appear  to  have  succeeded  in  obtaining  sulphuric  acid 
of  66°  Bi.  directly  in  the  Glover  tower  by  regulating 
the  temperature  by  suitable  means,  so  that  the  leaden 
walls  of  the  chamber  are  not  attacked,  uid  by  fordng 
I  the  "  nitrous  "   add  back  to  the  base  of  the  tower  by 

FiQ,  110.  means  of  a  pump  in  order  to  produce  more  SO,  wid 

thus  more  sulphuric  acid. 
The  reactions  which  occur  in   the  tower  are,   according  to  M.  Neumann  (1906),  the 
following;  In  thelower  part  of  the  tower,  where  the  temperature  is  higher,  there  is  a  reducing 
action  (I),  and  in  the  upper  part  where  the  temperature  is  lower  an  oxidising  actiwi  (II) : 

,0.N0 
(I)  (u)        2S0,/  +  H,0  -  2H,S0i  +  N,0, 

(ji)  NtO,  +  SO,  +  H,0  =  H,SO,  +  2N0 

or  altogether ; 

,0N0 
(/)  +  a)  2S0,<(  +  SO,  +  2H,0  =  m^SOt  +  2N0. 
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Whilst  the  reaction  (a)  causes  evolution  of  heat,  the  action  (/3),  in  accordance  with 
which  the  NjO^  is  reduced  to  NO,  absorbs  heat,  and,  therefore,  in  order  to  facilitate  the 
formation  of  sulphuric  acid  (3  mols.)  in  the  Glover  tower  it  is  necessary  to  maintain  the 
lower  portion  of  the  tower  at  a  high  temperature  (150°  to  160°),  which  is  also  necessary 
in  order  to  decompose  the  nitrous  sulphuric  acid.  In  the  upper  part  of  the  tower  where 
the  gases  are  liberated  together  with  NO,  the  following  reactions  occur  : 

(II)  (y)        2N0  +  O  =  NjO, 

/OH 
(?)        2S0,  +  N,0,  +  0,  +  HgO  =  2SO2; 

^ONO 
or  altogether  : 

/OH 
(y  +  C)  2S0,  +  2N0  +  O,  +  H,0  =  2S0, 

ONO 

These  two  reactions  are  exothermic  and  are  facilitated  by  gradual  abstraction  of  the 
evolved  heat,  so  that  some  nitrosylsulphuric  acid  may  be  produced  in  addition  to  that 
already  formed  and  yields  sulphuric  acid  in  the  lower  part  of  the  tower. 

Neumann  himself  (Ger.  Fat.  160,720)  proposed  the  production  of  the  greater  part  of 
the  stdphuric  acid  by  means  of  a  series  of  three  or  four  communicating  Glover  towers 
cooled  above  and  heated  below  by  means  of  the  hot  gases  from  the  pyrites  burners  during 
their  passage  to  the  first  tower  ;  in  the  last  tower,  where  the  gases  are  poor  in  SO^  and  O^ 
a  higher  temperature  (200°)  is  maintained  which  also  facilitates  the  reaction. 

The  firm  of  Niedenfiihr  to-day  construct  Glover  towers  in  which  the  gases  are  cooled 
in  the  middle  of  the  tower  and  escape  without  cooling  the  nitrous  sulphuric  acid  which 
descends  (Ger.  Pat.  206,877) ;  the  substitution  of  all  the  lead  chambers  by  a  number  of 
Glover  towers  has  even  been  proposed  (Ger.  Pat.  217,036). 

A  small  portion  of  the  nitrous  products  is  lost,  and  in  order  to  reduce  this  loss  to  a 
minimum  two  parts  of  nitrous  sulphuric  acid  to  one  part  of  lead -chamber  acid  are  passed 
through  the  Glover  tower.  When  the  temperature  in  the  lower  part  of  the  Glover  tower 
is  excessively  high,  the  reduction  of  the  nitrogen  oxides  may  lead  to  the  formation  of 
elementary  nitrogen,  thus  causing  losses  and,  therefore,  a  larger  consiimption  of  nitrate. 

REGULATION  OF  THE  PROCESSES  IN  THE  LEAD  CHAMBERS.  If  1-9  kUos 
of  Spanish  pyrites  are  to  be  burnt  per  cubic  metre  of  chamber  space  per  twenty -four  hours, 
it  is  necessary  to  regulate  the  draught  so  that  the  furnace  gases  contain  about  7-5  per  cent, 
by  volume  of  SO^  and  that  the  final  gases  which  escape  from  the  chamber  contain  from 
6J  to  7i  per  cent,  by  volume  of  oxygen.^ 

The  entry  of  the  vapours  is  regulated  in  such  a  way  that  the  acid  which  is  formed  in 
the  chamber  is  maintained  at  a  definite  concentration  of  50°  to  53°  B^.,  but  that  in  the  last 
chambers  in  which  no  steam  is  injected,  and  in  which  the  gases  are  poor  and  partially 
exhausted,  is  sometimes  only  at  40°  B6.  The  acid  which  falls  from  the  roof  and  the  walls 
varies  rather  rapidly  in  concentration  with  the  variation  in  the  amoimt  of  steam,  and  is 
ordinarily  more  concentrated  by  2°  to  3°  B^.,  so  that  an  excess  or  deficiency  of  steam  may 
be  detected  by  frequently  titrating  this  add  which  is  collected  through  suitable  apertures 
and  channels  constructed  along  the  internal  walls  of  the  chamber. 

The  temperature  inside  the  lead  chamber  increases  or  diminishes  with  increase  or 
diminution  of  nitrate,  and  if  the  temperature  of  the  vapours  which  enter  the  chamber 
is  70°  to  90°,  then  the  most  suitable  mean  temperature  in  the  first  chamber  is  about  65°, 
whilst  in  the  second  chamber  it  is  55°,  and  in  the  third  about  35°,  although  in  some  works 
to-day  temperatures  of  about  100°  in  the  first  chamber  are  advantageously  employed. 
But  the  lead  is  then  more  rapidly  attacked,  especially  if  the  quantity  of  nitrous  fumes 
is  not  very  carefully  regulated.  The  gases  are  led  from  the  last  chamber  through  a  long 
leaden  tube  to  the  base  of  the  Gay-Lussac  tower  which  is  placed  close  to  the  Glover  tower. 

'  In  order  to  start  work  in  lead  chambers  the  pan  is  filled  with  sulphuric  acid  of  45°  to  60°  B6.,  so  that  a 
hydraulic  seal  is  obtained  with  the  vertical  walls.  S0|  and  nitrous  fumes  are  then  introduced  until  the  gases  in 
the  last  chamber  have  a  yellowish-brown  colour.  For  this  purpose  12  to  15  per  cent,  of  nitrate  are  required  com- 
pared with  the  weight  of  sulphur  which  is  burned,  and  if  very  intense  working  takes  place  as  much  as  20  per  cent, 
may  be  required.  On  the  second  day  air  and  steam  are  also  introduced,  and  on  the  third  day  regular  work  may 
be  started  in  all  the  chambers.  In  the  first  chamber  there  should  always  be  a  slight  excess  of  pressure,  while  from 
the  second  and  third  this  should  almost  disappear,  or  there  may  even  be  a  slight  vacuum  in  the  third.  Oases  from 
nilphar  bumen  should  contain  about  11  per  cent,  of  90  and  those  from  pyrites  burners  about  7*5  per  cent. 
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The  ootour  of  the  Tftponta  in  the  first  chamber  should  be  very  pale  and  should  gradiully 
change  as  one  gets  further  from  the  point  of  entry,  through  the  whole  chamber  syBtein, 
aoquiflng  a  more  and  more  intense  yellowish- brown  oolour,  and  should  enter  the  Gay. 
Lu^ao  tower  with  a  markedly  reddiah-brown  colour.  The  gases  which  escape  from  this 
tower  should  bo  colourless. 

The  acid  which  collects  at  the  base  of  the  chamber  ia  removed  from  time  to  time,  but  to  an 
extent  of  not  more  than  1 0  cm.  each  time,  a  layer  of  at  least  20  to  30  cm.  being  always  left. 

The  most  important  control  of  the  progress  of  the  reactions  in  the  lead  chambers  ia 
effected  by  watching  the  work  ot  the  towers,  which  for  convenience  should  be  placed 
■  close  together  {see  Fig.  104,  p.  263),  and  by  analysing  the  gases  which  escape  by  a  suitable 
analytical  process.  The  SO,  of  the  furnace  gases  is  titeated  with  a  solution  of  —  iodine 
by  Beich's  method. 

An   analysis  of  the  gaa  proceeding  from  the^GloTcr  tower   gave   the  following 

SO.                   O                  NO               N,0,              N,04  N 

6-9%               10-9%           0 1 1 3%          0036%              —  92 05% 
At  the  outlet  of  the  last  (fourth  chamber),  the  composition  was : 

—                  7-3%               _               0-182%          0-121%  92-57% 


Fw.  in. 

75  per  cent,  of  the  sulphur  dioxide  contained  in  the  gases  escaping  from  the  Qlova 
tower  is  transformed  into  sulphuric  acid  In  the  first  chamber.  20  per  cent,  in  the  second, 
and  4}  per  cent,  in  the  third.  The  exhausted  gases  which  escape  from  the  Glover 
tower  are  observed  by  moans  of  a  window  placed  in  the  pipe  which  conducts  them  to  a 
suitable  chimney  in  which  the  draught  through  the  whole  of  the  lead  chambers  may  be 
suitably  regulated  by  means  of  automatic  valves,  an  aspirator  being  used  when  required. 
Naturally  the  gases  which  issue  from  the  chimney  mxist  not  contain  SOj  or  any  nitrous 
vapours. 

CONCENTRATION  OF  H^SO,.  The  sulphuric  add  from  the  chambers  of  60°  to 
62°  B6.  (66  per  cent.  HiSO,)  is  not  concentrated  in  the  Glover  tower,  as  otherwise  it  would 
become  dirty,  but  is  evaporated  in  leaden  pans  up  to  a  strength  of  60°  B6.*[76  per  cent. 
HjSO,).  Any  further  concentration  is  conducted  in  vessels  of  cast  iron  and  not  of  lead, 
because  at  such  temperatures  the  lead  becomes  soft  and  is  then  attacked.  The  rims  of 
these  vessels  are  mode  of  lead  so  that  they  may  reeist  the  action  ot  the  acid  vapours  which 
are  evolved.  So-caUed  English  sulphuric  acid  of  64"  E6.  (86  per  cent.  H^Oj)  is  thus 
obtained.  With  three  leaden  pans  2  metres  long,  1  metre  wide,  and  30  cm.  deep,  3  tons 
of  Bulphurio  acid  of  52°  to  63°  B6.  may  be  concentrated  up  to  60°  in  twenty-four  hours, 
with  a  consumption  of  half  a  ton  of  coal.  They  ore  heated  by  means  of  the  hot  gases  from 
the  burners,  which  traverse  the  surface  of  the  actd,  or  if  a  purer  acid  is  required,  the  heating 
may  take  place  below  the  pans,  which  in  this  case  rest  on  iron  plates.  In  some  localities 
the  eoncentration  is  effected  by  means  of  high-pressure  steam  which  circulates  in  leaden 
coils  immersed  in  the  acid.  **  ■* 

In  some  smaller  works,  especially  in  England,  acid  of  66°  Bi.  (which  is  really  8S-7°  Bi- 
containisg  B3-6  per  cent,  of  H.SO4  ;  sp.  gr.  1-837)  is  made  by  concentrating  in  large  glus 
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retorta,  90  om.  high  and  of  GO  cm.  diameter,  which  are  heated  by  gas  in  Buitable  furnaces, 
»Dd  an  ocdd  coDUining  91  to  92  per  cent,  of  HjSO,  is  thus  obtained.  In  order  to  obtain 
M  to  96  per  cent,  acid,  iridio-platinuni  pans  conlaining  10  per  cent,  of  iridium  are  still 
used.  Gilded  platinum  pans  are  still  better  as  they  are  much  less  attacked,  but  these 
Bometimee  coat  more  than  £4000. 

Theee  plants  have  now  lost  their  importance,  aud  are  ^ing  gradually  Eold,  because 
add  of  a  high  degree  of  concentration  is  to-day  easily  and  economically  prepared  by  adding 
faming  sulphuric  acid  {oleum}  to  dilute  chamber  acid,  or  for  a  more  economical  process  of 
preparation  93  per  cent,  acid  may  be  used.  This  change  is  also  due  to  the  fact  that  during 
the  lost  few  years  the  price  of  platinum  has  risen  very  greatly  to  more  than  £240  pet  kilo. 
Alloys  of  90  per  cent,  of  gold  with  10  per  cent,  of  platinum  have  even  been  resorted  to. 
For  very  largo  plants  the  Negrier  process  (1892)  has  given  good  results.  The  necessary  plant 
is  shown  in  Fig.  Ill  and  consists  of  a  series  of  porcelain  capsules  or  vessels  disposed  two 
by  two  along  a  kind  of  staircase  in  a  fiunace,  resting  on  asbestos  sheets  and  surrounded 
by  sand.  A  current  of  hot  air  passes  from  the  base  to  the  top  of  the  staircase,  whilst  the 
acid  descends  slowly  from  the  top  to  the  bottom  from  vcsRcl  to  Tcsacl,  gradually  becoming 
more  concentrated  and  finally  passing  through  a  coil  where  it  is  cooled.    The  steam 
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and  sm^  quuitilieB  of  acid  vapour  arc  collected  in  a  tube  at  the  top  and  condensed.  During 
the  last  few  years  the  porcelain  capsules  have  been  replaced  by  capsides  of  inert  iron  or 
quartz.  The  latter,  however,  forms  very  small  cracks  after  some  time,  through  which 
acid  escapes  below.  16  kilos  of  coke  arc  used  as  fuel  for  every  100  kilos  of  93  per 
cent,  acid  which  is  produced.  In  30  vessels  90  cm.  high  and  40  cm.  wide  2  tons  of  acid 
may  be  coucentrated  in  twenty-four  hours.  If  an  acid  of  97  per  cent.  H,S04  is  produced, 
the  consumptioa  of  fuel  is  doubled. 

A  double  or  treble  Negrier  plant  for  the  production  of  ten  tons  of  93  per  cent,  add  pet 
twenty-four  hours  costs  about  £880. 

During  the  last  few  years  the  Kessler  process  (1894)  has  also  been  extensively  emploj^ 
in  practice  and  enables  commerdal  acid  of  66°  B6.  to  be  obtained  by  hot-air  concentration. 
Hot  gases  from  a  coke  producer  pass  in  through  a  cast-iron  pipe,  b,  Eig.  112,  and  these 
srednwn  along  several  flues,  q,  made  of  pumice  (Fig,  113),  which  are  hydraulically  sealed 
bytheBurfaceoftheacid,bymeansotanairinjector,azidaftcr having  traversed  the  surface 
■lowly  they  pass,  charged  with  water  vapour  and  a  small  amount  of  acid  vapours,  through 
canals,  /,  at  a  temperature  of  160°  into  a  kind  of  rectifying  apparatus  formed  of  ihree 
perforated  stoneware  plates  on  which  numerous  inverted  porcelain  capsules  are  placed, 
the  rims  of  which  dip  into  the  acid  liquid  which  is  condensed  on  the  surface  of  the 
pIaU&  Above  these  three  plates  there  arc  two  others  of  perforated  lead,  and  these  also 
support  aimilar  inverted  capsules. 

The  add  from  the  lead  chamber  passes  in  through  the  tube  x  above,  and  descends 
in  an  opposite  directioii  to  the  stream  of  gas  and  vapours  coming  from  below.  The  almost 
oold  gases  are  then  drawn  ofi  into  the  tube  A,  and  contain  much  water  vapour  and  alittle 


270 


INORGANIC    CHEMISTRY 


acid  vapour.  They  are  then  passed  through  a  coke  tower  where  the  vapours  are  completely 
condensed.  The  flues,  q,  are  now  often  advantageously  constructed  of  simple  transversal 
walls  of  volvic  stone,  against  which  the  waves  on  the  add  caused  by  the  movement  of  the 
current  of  hot  gases  impinge,  and  thus  the  concentration  is  more  rapid.  The  corrosion  of 
the  air  aspirator  maybe  avoided  by  injecting  the  air  from  outside  into  the  apparatus  from 
the  front. 

By  means  of  this  apparatus  100  kilos  of  acid  of  ^6°  B^.  may  be  obtained  with  a  con- 
sumption of  8  kilos  of  coke  in  the  producer,  and  2  to  3  kilos  of  coal  to  work  the  pump. 

The  power  required  is  about  half  a  horse-power  per  ton  of  acid  produced.  During  the 
last  few  years  the  pirocess  has  been  still  further  improved,  and  a  plant  for  the  production 
of  10  tons  of  93  per  cent,  acid  per  day  costs  about  £1120.  98  per  cent,  add  may  now 
also  be  produced  by  this  process,  but  the  production  is  then  halved  and  the  consump- 
tion of  fuel  doubled. 

Concentrated  sulphuric  acid  is  generally  clear  when  produced,  but  any  dark  colour 
may  be  lessened  by  passing  it  through  a  coke  filter. 

An  industrial  concentrating  plant  for  the  production  of  10  tons  of  sulphuric  add  of 

ee^  B6.  (93  per  cent.  KfiOi) 
per  twenty-four  hours  costs 
from  £800  to  £1600  complete, 
and  should  pay  for  itself  in 
twelve  to  fifteen  years.  Since 
1908  the  system  of  Gaillard  of 
Barcelona  (Eng.  Pat.  23,841) 
has  been  extensively  used 
in  Europe  for  the  concen- 
tration of  sulphuric  acid, 
and  in  1909  there  were 
already  100  plants  working. 
Sulphuric  acid  of  50°  to 
eO°  B6.,  previously  filtered 
through  silicious  sand,  is 
made  to  fall  in  the  form  of  a 
very  fine  spray  from  the  top  of 
a  tower  of  volvic  lava  about 
16  melres  high  and  about 
2  metres  in  diameter,  and 
a  current  of  hot  gases  from 
a  coke  generator  is  passed  in 
the  contrary  direction  from  below.  Water  from  the  dilute  acid  evaporates  and  escapes  at 
the  top  together  with  the  gases  at  a  temperature  of  120°  to  140°,  whilst  an  add  collects  at  the 
base  of  the  tower  which  has  a  strength  of  92  to  9?  per  cent,  of  H2SO4  according  to  the  fineness 
of  the  spray  which  was  produced.  A  production  up  to  10  tons  per  twenty -four  hours  is  thus 
obtained.  The  gases  which  escape  from  the  top  of  the  tower  descend  again  through  a  large 
lead  pipe  to  enter  the  bottom  of  a  small  leaden  tower  8  metres  high  and  about  1*35  metres 
in  diameter,  filled  with  coke  in  order  to  recover  the  acid  carried  over  by  the  current  of  gas 
which  amoiuits  to  2  tons  of  40°  B^.  Before  being  allowed  to  escape  into  the  air  the  gases 
still  pass  through  a  leaden  box  full  of  coke  where  half  a  ton  of  add  of  14°  B6.  is  condensed. 
The  gases  are  drawn  through  the  whole  apparatus  by  means  of  a  fan.  Fig.  114  illustrates 
diagrammatically  the  arrangement  of  the  apparatus,  k  is  the  coke  gas-producer  and  costs 
about  £48  ;  T  is  the  concentrating  tower  and  costs  about  £1040,  including  the  patent 
rights  ;  the  tower,  i?,  and  the  chamber  containing  coke,  kk^  together  cost  about  £280. 
The  fan,  F,  acid  elevators,  pipes,  &c.,  cost  £160,  and  thxxs  the  complete  plant  costs 
£1520.  The  consumption  of  fuel  for  the  concentration  of  the  acid  from  52°  to  66°  B6. 
(93  per  cent.  H2SO4)  is  11  to  12  kilos  of  coke  per  100  kilos  of  concentrated  add  which  is 
formed.  The  consumption  of  power  for  raising  the  acid  is  estimated  at  three-quarters 
of  a  horse-power  per  hour  per  ton  of  concentrated  acid  produced.  The  blocks  of  volvic 
lava  forming  the  tower  are  cemented  together  with  a  mixture  of  pulverised  volvic  lava 
and  sodium  silicate.  The  tower  is  covered  outside  with  sheet  lead,  but  a  little  add  always 
percolates  through  the  stone,  so  that  it  is  now  proposed  to  replace  the  lava  vdth  technical 
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and  economical  advantage  by  a  material  called  obsidianite,  which  is  a  vitreous  silicate. 
In  U.S.  Pat.  909,678,  GaiUard  perfected  the  production  of  acid  spray  by  collecting  the  acid 
which  is  not  converted  into  spray  on  a  conical  disc  placed  at  a  definite  height  in  the  tower 
which  removes  it. 

Krell,  in  1907,  managed  to  concentrate  acid  to  63°  B^.  in  special  leaden  pans  without  the 
lead  being  attacked  even  at  such  high  temperatures.  The  final  concentration  is  carried 
out  in  inert  iron  or  silicious  cast-iron  pans  which  resist  boiling  concentrated  acid  very  well. 
When  an  acid  of  66°  B6.  is  required  the  purity  of  which  is  not  of  great  importance,  it  can  be 
economically  concentrated  by  passing  the  dilute  acid  of  60°  to  60°  B6.  in  a  fine  stream  into 
a  closed  pan  of  cast  iron  in  which  a  large  amount  of  boiling  acid  at  66°  B6.  is  already 
present ;  water  evaporates  and  acid  of  66°  B6.  is  continuously  removed  below.  The  pan 
lasts  for  one  year. 

The  preparation  of  siUj^uric  acid  monohydraie  has  already  been  described  on  p.  247, 
although  it  is  to-day  prepared  by  mixing  concentrated  acid  of  66°  B6.  with  the  necessary 
quantity  of  fuming  sulphuric  acid  of  known  strength. 

Strong  sulphuric  acid  may  be  stored  and  despatched  in  wrought-iron  vessels.^ 

PURIFICATION  OF  H2SO4.  Purification  is  necessary  when  concentrated  sulphuric 
acid  is  to  be  prepared.  The  sulphiuic  acid  of  the  Glover  tower  is  more  impure  than  that 
from  the  chambers,  and  contains  considerable  quantities  of  arsenic.  The  more  common 
impurities  in  chamber  sulphuric  acid  are  nitrosylsulphuric  acid,  lead,  copper,  iron,  lime, 
alumina,  arsenic,  NaOg,  HNO3,  ammonium  8ulpl>ate,  SOs,  organic  substances,  and  some- 
times selenium,  tellurium,  and  HE.  The  greater  part  of  the  impurities  are  deposited 
spontaneously,  and  special  methods  are  only  required  for  the  separation  of  arsenic  and  of 
NjOj.  The  arsenic  is  separated  by  means  of  hydrogen  sulphide  obtained  from  iron  sulphide 
and  H2SO4 ;  for  the  purification  of  10  tons  of  chamber  acid  about  0*2  ton  of  iron 
sulphide  is  required. 

The  crude  sulphuric  acid  must  be  diluted  to  46°  to  60°  B6.,  as  otherwise  the  H,S  is 
decomposed :  (H2SO4  +  SHjS  «  4H2O  +  4S) ;  moreover  the  arsenic  must  be  present 
as  arsenious  acid  and  not  as  arsenic  acid.  For  this  purpose  SO2  must  be  passed  through 
the  liquid. 

The  operation  is  conducted  in  a  Schwarzenberg  tower,  into  the  base  of  which  a  current 
of  HjS  is  passed,  and  down  which  the  acid  to  be  ptuified  descends  over  acid-proof  material. 
The  acid  is  then  passed  into  leaden  vessels  where  the  arsenic  sulphide  is  deposited  together 
with  other  metallic  sulphides  and  selenium.  The  clear  liquid  is  then  decanted  from  the 
residue  and  filtered  through  asbestos  fabrics  or  through  porous  earthenware  plates  imder 
pressure. 

According  to  the  United  Alkali  Company  (Eng.  Pat.  16,929)  arsenic  may  be  separated 
by  adding  the  necessary  quantity  of  HCl  and  then  passing  a  current  of  air  through  the 
liquid,  by  which  means  it  is  Ecparated  as  arsenious  chloride.  Morange  in  1908  proposed  to 
separate  arsenic  by  freezing  acid  of  63-6°  B6.,  as  the  arsenic  then  remains  in  the  part  which 
is  not  solidified. 

In  order  to  obtain  sulphuric  acid  absolutely  free  from  As,  it  is  necessary  to  prepare  it 
directly  from  sulphur.^ 

The  nitrous  compoimds  are  separated  on  heating,  according  to  Pelouze,  by  means  of 
0-1  to  0-6  per  cent,  of  powdered  ammonium  sulphate,  nitrogen  being  immediately  evolved : 
(NjjO,  +  2NHs  «  3H2O  +  4N). 

Chemically  pure  acid  is  obtained  by  repeatedly  distilling  the  pure  concentrated  acid 
and  adding  a  little  chromic  acid  in  order  to  transform  any  traces  of  arsenious  acid  into 
arsenic  acid,  which  latter  does  not  distil. 

ANALYTICAL  CONTROL  OF  SULPHURIC  ACID  MANUFACTURE.  The 
quantity  of  sulphur  in  pyrites  is  determined  by  dissolving,  for  instance,  0'5grm.  in  10  c.c. 
of  a  mixture  of  3  parts  of  concentrated  HNOg  and  1  part  of  HCl,  and  evaporating  to 
dryness  several  times  with  HQ  in  order  to  remove  any  excess  of  HNOj.     The  residue  is 

*  Even  acid  of  60*  B6.  from  the  Glover  tower  may  be  stored  in  large  tanlcs  of  wrought  iron,  and  the  larger 
they  are  the  more  convenient.  Some  are  made  of  cylinders  3  metres  in  diameter  and  5  metres  high,  but  better 
resulla  are  obtained  with  cylinders  8  to  10  metres  in  diameter  and  10  or  more  metres  high. 

'  Solpburic  acid  which  is  to  be  used  for  the  preparation  of  foodstuffs,  such  as  compressed  ferments,  for  fer- 
mentation of  molasses,  the  revivification  of  carbon  for  sugar  refineries,  for  pharmaceutical  products,  A-c,  should 
always  be  free  from  arsenic.  Such  acid  is  easily  obtained  to-day  by  diluting  fuming  sulphuric  acid  (oleum)  which 
is  free  from  Impuritiet. 
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finally  dissolved  in  dilute  HCl.  The  iron  is  precipitated  with  ammonia  in  the  heat,  filtered 
and  well  washed,  and  the  sulphuric  acid  in  the  filtrate  (proceeding  from  the  sulphur)  is 
precipitated  with  barium  chloride.  The  weight  of  barium  sulphate  after  washing,  drying, 
and  igniting  gives  the  weight  of  sulphur  in  the  sample  on  multiplying  by  0-1373. 

Copper  in  pyrites  is  determined  electrolytically  in  a  solution  of  the  pyrites  in  nitric  acid. 

The  sulphur  dioxide  in  the  gas  from  the  pyrites  burners  is  determined  by  passing  a 
given  volume  of  the  gas  through  a  titrated  solution  of  iodine :  (SO,  +  21  +  2HjO  = 
H2SO4  +  2HI). 

The  quantity  of  oxygen  in  the  gases  escaping  from  the  last  lead  chamber  is  determined 
by  the  usual  volumetric  methods,  that  is,  by  absorbing  the  oxygen  with  an  alkaline  pyTO- 
gallate  in  the  Bimte  or  Orsat  burette  {see  section  on  Combustibles). 

The  quantity  of  nitrous  acid  in  the  nitrous  sulphuric  acid  and  al£0  in  chamber  acid 
is  determined  by  adding  the  acid  under  examination  from  a  burette  to  a  given  volume 
of  a  titrated  solution  of  potassium  permanganate  until  this  is  deooloriEcd  ;  16  parts  of 
oxygen  correspond  to  47  parts  of  HNOj  {see  preceding  equations :  nitrous  acid).  The 
total  nitrogen  (that  is,  HNO3  and  HNOj)  is  determined  with  Limge's  nitrometer  {see 
Eection  on  Sodium  Nitrate).  The  strength  of  sulphuric  acid  is  ordinarily  determined  by 
means  of  its  density  {see  Table,  p.  251) ;  but  in  the  case  of  very  concentrated  acid  it  is  neces- 
sary to  determine  it  by  titration,  after  previous  dilution,  with  titrated  sodium  hydroxide  and 
methyl  orange,  which  latter  is  coloured  red  by  strong  acids. 

YIELDS.  Theoretically  100  kilos  of  sulphur  should  give  200  kilos  of  SOj  ;  260  kilos 
of  SOj  ;  306-6  kilos  of  HaS04  monohydrate,  319  kilos  of  sulphuric  acid  of  66°  B6.  (96  per 
cent.  H2SO4) ;  or  490  kilos  of  chamber  sulphuric  acid  of  60°  BL  (62-6  per  cent.  HjSO^). 

With  pyrites  burners  10  to  12  per  cent^  of  the  sulphur  was  at  one  time  lost,  part  of  which 
remained  in  the  burnt  pyrites,  and  the  consumption  of  nitrate  was  also  very  great.  To-day 
the  total  loss  of  sulphur  has  been  reduced  to  from  4  to  6  per  cent,  and  the  consumption  of 
nitrate  is  2  to  3  per  cent,  of  the  sulphur  which  is  bumt.^ 

Yields  of  acid  per  volume  of  chamber  space  have  already  been  mentioned  in  connection 
with  tangential  chambers  on  p.  261. 

COST  OF  PLANT  AND  PRODUCTION.  Lunge  gives  the  foUowing  estimate  of  the 
cost  of  a  Niedenfiihr  plant  with  a  production  of  20  tons  of  HJSO4  per  twenty-four  hours, 
that  is,  a  corresponding  production  of  chamber  and  Glover  acid. 

The  gases  from  12  burners  burning  lump  pyrites  pass  through  the  dust  flues  and 
then  into  the  base  of  the  Glover  tower  and  pass  out  at  the  top  through  two  large  pipes 
into  the  neighbouring  lead  chamber  at  the  top.  The  escaping  gases  from  this  chamber 
pass  through  three  openings  at  its  base  in  the  opposite  wall,  and  then  pass  through  three 
openings  into  the  top  of  the  second  lead  chamber,  which  is  close  to  and  parallel  to  the 
preceding  one.  They  pass  through  this  chamber  in  the  same  way  and  the  issuing  gaees 
escape  at  the  base,  of  the  opposite  wall  through  three  openings  and  arrive  at  the  third 
chamber,  passing  from  the  opposite  wall  of  this  chamber  into  two  Gay-Lussac  towers  which 
are  placed  close  to  the  Glover  tower.  The  remaining  gases  escape  directly  into  the  air. 
Each  of  the  three  chambers  is  8  metres  high  and  32  metres  long  and  together  they  have 
a  volume  of  8800  cu.  metres.^ 

^  The  I0B8  of  nltiate  is  sho^n  by  the  quantity  which  it  is  necessary  to  add  to  the  nitre  pots  each  day  to  make 
up  for  losses.  In  the  case  of  lead  chambers  of  small  capacity,  that  is,  those  in  which  the  working  is  very  Intense 
Compared  to  the  amount  of  sulphur  or  pyrites  burnt  (2  kilos  of  Spanish  pyrites  per  cubic  metre  of  chamber  si  ace 
per  twenty-four  hours),  more  nitrate  is  consumed  (up  to  4  kilos  per  100  of  sulphur) ;  whilst  in  chambers  of  ample 
dimensions  and  less  intense  production  2  per  cent,  of  nitrate  is  used  on  the  sulphur  burnt ;  the  nitrate  whi<  li 
circulates  in  the  whole  system  of  chambers  and  towers  is  about  12  to  15  per  cent,  of  the  sulphur  burnt. 
*  The  prices  of  materials  in  this  esthnate  refer  to  the  year  1902  : 

£ 

I.  Freehold,  2500  sq.  metres  at  £1 2500 

II.  Walls,  pavements,  foundations,  wooden  framework  and  sheds  for  the  fumacef>,  chambers, 

boilers,  towers,  Ac. 3800 

m.  Boilers  (40  sq.  metres  heating  surface),  pumps,  pipes,  acid  elevators        ....  750 

IV.  Twelve  l)umer8  for  lump  pyrites,  dust  flues,  nitre  pots,  and  connection  with  Glover  tower        1124 
y.  Chambers  and  towers :  240  tons  of  lead,  material  for  filling  towers  and  cost  of  complete 

erection  (estunated  at  £1320) 6326 


ToUl £14,500 

Later  (ae  Sulphur  Trioxide),  comparisons  will  be  made  between  the  cost  of  the  acid  produced  by  a  similar 
plant  and  a  more  rational  plant  with  five  rotary  furnaces,  two  lead  cliambers,  five  plate-towers,  one  Gay-Lus?ac 
tower,  and  one  Glover  tower  for  the  production  of  20  tons  calculated  as  monohydrate.  It  would,  however, 
appear  that  in  the  above  estimate  Lunge  has  taken  an  extremely  exaggerated  price  for  laud. 
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SULPHUR  TRIOXIDE  AND  FUMING  SULPHURIC  ACID 

L  SULPHUR  TRIOXIDE  :  SOg 

Until  about  1875  the  sulphur  trioxide  of  commerce  was  only  prepared 
by  Starck,  of  Prague,  who  obtained  it  by  distilling  fuming  Nordhausen  acid. 
In  1875  CI.  Winkler,  who  was  followed  by  Squire  and  Messel,  showed  that 
sulphur  trioxide  is  easily  formed  by  the  interaction  of  SOg  and  0  in  presence 
of  very  finely  divided  platinum,  which  acts  catalytically  without  taking  any 
direct  part  in  the  reaction.^ 

In  this  process  20,600  cals.  are  developed,  and  the  maximum  peld  is 
obtained  between  fixed  temperature  limits,  as  otherwise  the  SO3  is 
dissociated,  regenerating  SOg  +  0. 

This  method  of  Winkler  has  only  attained  important  industrial  applica- 
tion during  the  last  few  years,  and  by  means  of  SOg  pure  sulphuric  acid  of 
any  concentration  is  now  industrially  prepared. 

SO3  was  formerly  also  obtained  by  decomposing  strong  sulphuric  acid  in  contact  with 
retorts  heated  to  redness  (Debray  and  Deville*s  process,  see  p.  179).  The  mixture  of 
SO2  +  0  +  HjO  (steam)  so  obtained  was  dried  in  a  coke-tower  with  strong  sulphuric 
acid  and  the  mixture  of  SO^  +  0  passed  over  platinised  clay  spheres  when  the  reaction 
SO,  +  O  «  SO3  occurred. 

Sulphur  trioxide  may  also  be  prepared  by  heating  sodium  pyrosulphate,  Na2S207,  which 
is  prepared  by  heating  sodium  sulphate  with  strong  sulphuric  acid  :  SOANa,  +  H2SO4  « 
HjO  +  S207Na| ;  acid  sodium  sulphate,  NaHS04,  is  formed  as  an  intermediate  product, 
and  when  heated  is  then  transformed  into  the  pyrosulphate.  By  adding  a  further  quantity 
of  sulphuric  acid  and  distilling  in  vacw)  sulphur  trioxide  is  obtained :  S207Na2  +  H2SO4  » 
2S04HNa  +  SOg.  The  two  molecules  of  disulphate  which  are  formed  are  reconverted 
into  pyrosulphate.  Sulphur  trioxide  is  also  obtained  on  heating  sodium  pyrosulphate 
directly  to  600° :  Na^Oy  «  Na,S04  +  SO,. 

Prud'homme  (1900)  decomposes  various  sulphates  in  the  electric  furnace  and  thus 
obtains  SO3  and  metallic  oxides :  thus  from  calcium  sulphate  CaO  +  SO3  are  obtained. 
R.  Frank  (1906,  Ger.  Pat.  194,879)  says  that  SO,  is  formed  quantitatively  without  the 
pr^ence  of  a  cataljrst  by  heating  80,  +  O  at  a  pressure  of  100  atmospheres. 

In  the  laboratory  SO3  is  obtained  by  heating  fuming  sulphuric  acid,  which  is  nothing 
else  than  a  solution  of  SO3  in  strong  sulphuric  acid,  and  condensing  the  vapours  of  SO3  in 
a  cooled  receiver. 

It  may  also  be  prepared  by  distilling  concentrated  sulphuric  acid  with  phosphorus 
pentoxide  in  a  retort :   P2O5  +  H3SO4  «  SO3  +  2PO3H  (metaphosphoric  acid). 

White  fumes  are  thus  formed  which  condense  to  a  white  crystalline  silky 
mass  in  a  receiver  surrounded  by  ice. 

PROPERTIES.  The  needle-shaped  crystals  of  SOg  melt  at  16-8°  (Liethig, 
1909),  yielding  an  oily  Uquid  of  sp.  gr.  1-96  (at  20°),  which  distils  at  44-8° 
without  dissociation. 

If  pure  it  can  be  preserved  unaltered,  but  it  absorbs  moisture  with  avidity 
from  the  atmosphere  forming  H2SO4,  traces  of  which  slowly  transform  it 
into  a  white  solid  mass  like  asbestos  which  melts  at  50°  and  appears  to  be 
polymerised  SOg.     On  re-distilling  this  mass  pure  SO3  is  again  obtained. 

It  combines  violently  with  water  to  form  sulphuric  acid,  producing  a 
strong  hissing  sound,  and  sometimes  even  an  explosion  if  a  comparatively 
small  quantity  of  water  is  present.  Its  avidity  for  water  is  such  that  it 
decomposes  almost  all  hydrogenated  organic  substances,  acquiring  a  brown 
colour.  On  heating  in  red-hot  tubes  it  decomposes  into  SO2  +  O.  The 
quality  found  in  commerce    {see   hdoWy    Fuming    Sulphuric    Acid)  contains 

'  It  was  found  AftenvsrdB  that  the  oxides  of  iron,  calcium,  manganese,  copper,  and  cobalt  also  react  less  com- 
pletely, and  that  metalUo  gold,  palladium,  iridium,  glass  powder,  pumice-stone,  burnt  clay,  bricks,  &c.,  all  act 
as  catalysers  in  the  heat  and  when  finely  subdivided. 

I  18 
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98  to  99  per  cent,  of  80^  and  1  to  2  per  cent,  of  H2O  ;  but  it  is  to.-day  preferred 
dissolved  as  a  liquid  in  a  small  amount  of  sulphuric  acid,  namely,  with  87  to 
92  per  cent,  of  total  SOs  =  30  to  60  per  cent,  of  free  SO^.  It  is  then  called 
oleum  or  fuming  aul/phuric  acid,  and  is  stored  and  despatched  in  wrought-iron 
vessels.^ 

On  pouring  a  little  sulphur  into  phosphorus  pentoxide  it  diBBolves,  forming  a  bluish- 
green  substance  which  is  actually  sulphur  sesquioxide,  S^Og. 

The  heat  of  formation  of  SO,  from  SO,  -h  O  is  equal  to  86  Kj.  (20,600  cals.),  and  since 
SOg  obtained  from  sulphur  and  oxygen  has  a  heat  of  formation  of  297  Kj.  («  70,977  cals.) 
we  may  deduce  a  total  heat  of  formation  of  sulphur  trioxide  from  its  elements  S  -l-  0,  of 
383  Kj.  ( «e  91 ,577  cals. ).  From  these  thermochemical  data  we  see  that  the  law  of  Bertheiot, 
according  to  which  the  reacting  substances  form  by  preference  new  substances  with  a 
maximum  development  of  heat,  is  untrue  in  this  case,  because  on  burning  sulphur  in  oxygen 

^  When  the  anhydride  contains  1  per  cent,  of  water  this  latter  is  not  free  but  con!kblned  in  the  form  of  HgSOt, 
with  which  it  forms  5*44  per  cent.,  so  that  94*56  per  cent,  of  free  SO,  is  really  present  in  the  mixture.  In  the  same 
way,  when  5  per  cent,  of  water  is  present  this  is  in  the  form  of  27*2  per  cent,  of  HtSOi,  and  72*8  per  cent,  of 
free  SO,  is  present.  The  strength  or  percentage  of  commercial  oleum  is  indicated  by  the  percentage  of  firee  SO,. 
The  qualities  ordinarily  used  contain  from  25  to  45  per  cent.,  that  is,  25°  to  45**  of  free  SOa  or  05  per  cent,  of  total 
SOg.  The  strength  of  these  liquids  is  also  often  given  in  terms  of  monohydrate  (22  per  cent,  of  free  SO.,  corre- 
sponding to  105  per  cent,  of  monohydrate).   The  following  table  of  strengths  is  useful : 

DENSITIES   AND   CONCENTEATIONS   OF   OLEUliS 


Density 
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I.  Prats  (1910)  gives  the  following  formula  for  the  dilution  of  oleum  to  any  percentage  of  SO,  by  the  addition 
of  sulphuric  acid  of  66°  B6.  (95*6  per  cent.  H,S04) ;  if  we  indicate  the  quantity  in  grammes  of  more  dilute  olemn 
which  is  to  be  prepared  by  a,  the  strength  of  SO,  which  has  to  be  obtained  by  h,  and  the  quantity  of  more 
concentrated  oleum  which  is  used  by  z,  its  strength  in  SO,  by  k,  and  the  amount  of  sulphuric  acid  of  66**  B4.  to 
be  added  by  y,  then : 

h  +  20  k  —  h 

«  =  «.  .   ■   „^  ;  y  =  a. 


t+  20 


Jfc+  20 


It,  for  example,  we  wish  to  prepare  400  grms.  of  oleum  of  20  per  cent.  SO,  from  oleum  containing  80  per  cent. 

20+20  4 

SO,  and  sulphuric  acid  of  66'  B€.,  we  have  the  equations  :   «  =  400  =  400?  «-  320,  and  as  y  »  a  -  s 

we  have:  y  "=  ^00  —  820  -°  80,  tliat  is,  we  must  mix  320  grms.  of  oleum  of  80  per  cent.  SO,  with  80  grms.  of 
sulphuric  acid  of  66"  B6.  to  obtain  400  grms.  of  oleum  of  SO  per  cent.  S0«.  This  formula  is  Just  as  exact  as  the 
aore  comolez  one  of  Onehm. 
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or  air  sulphur  dioxide  is  formed  almost  exclusively  (to  the  extent  of  95  per  cent.).     But 
this  fact  is  very  clearly  explained  by  the  law  of  mass  action  {see  below  and  pp.  64  and  68). 
Sulphur  trioxide  is  used  in  coal-tar  colour  works,  but  more  especially  for  the  preparation 
of  fuming  sulphuric  add. 

II.  FUMING  SULPHURIC  ACID 

This  substance  is  also  called  oleum,  Nordhausen  acid,  p3a*osulphurio  acid, 
or  disulphuric  acid,  HO-SOg-p-SO^-OH. 

It  is  the  product  of  the  addition  of  1  mol.  of  sulphuric  acid  to  1  mol.  of  sulphur 
trioxide. 

Until  a  few  years  ago  it  was  obtained  by  distilling  dry  ferrous  sulphate,  which  decom* 
poses  in  common  with  all  sulphates,  except  those  of  the  alkali  and  alkaline  earth  metals, 
at  a  red  heat  according  to  the  following  equation :  2FeS04  «  FcjOg  +  SOj  +  SOg.  In 
order  to  avoid  the  formation  of  SOg  the  iron  sulphate  is  oxidised  in  the  air  by  roasting  it. 
Basic  ferric  sulphate  is  thus  formed  which  on  heating  directly  forms  1  mol.  of  sulphuric 
acid  and  a  molecule  of  sulphur  trioxide :  4FeS04  +  O,  +  2H2O  =«  ^FeSO^COH),  and  from 
this :  2FeS04(OH)  =  FcjO,  +  H2SO4  -fSOg.  The  iron  oxide  is  then  employed  as  a  red 
mineral  pigment  under  the  name  of  colcothar. 

This  process  was  already  known  to  Arab  alchemists  and  was  applied  on  a  large  scale 
at  Nordhausen  (Prussia)  during  the  seventeenth  and  eighteenth  celituries.  After  1792  it 
was  prepared  on  an  industrial  scale  almost  exclusively  by  the  firm  of  Starck  in  Bohemia 
by  weathering  iron  pyrites  in  the  air.  Ferrous  and  ferric  sulphates  were  then  formed  which 
were  extracted  with  water  and  the  solution  evaporated.  The  residue  was  then. roasted 
in  reverberatory  furnaces,  in  order  to  obtain  a  product  containing  ferric  sulphate  only, 
and  this  was  dry-distUled  in  clay  retorts  at  a  red  heat :  Fe,(S04)8  =  FcjOg  +  SSOj. 

Since  the  industrial  preparation  of  sulphur  trioxide  by  the  catalytic  process,  fuming 
sulphuric  acid  is  to-day  prepared  profitably  and  exclusively  by  saturating  sulphuric  acid 
with  sulphur  trioxide  and  comes  on  to  the  market  in  the  name  of  **  oleum  "  of  various  con- 
centrations. The  SOg  is  absorbed  by  98*5  per  cent,  sulphuric  acid  by  passing  it  over  the 
surface  of  the  acid  in  closed  vessels  until  an  oleum  containing  30  per  cent,  of  SO3  is  obtained. 
In  order  to  obtain  a  greater  concentration  this  oleum  is  distilled  in  ordinary  iron  pans 
over  direct  flame,  and  the  sulphur  trioxide  is  then  absorbed  by  other  oleum  of  30  per  cent, 
which  is  kept  cool.  Oleums  containing  60  per  cent;  and  even  80  per  cent,  of  free  SOg 
are  thus  obtained.  They  form  heavy  liquids  which  fume  in  the  air  and  are  slightly  brown 
in  colour  on  account  of  dissolved  traces  of  organic  matter.  The  specific  heat  of  oleum 
containing  24  per  cent,  of  free  SOg  is  0*340,  with  56  per  cent,  is  0-400,  with  90  per  cent, 
is  0-652.  It  has  a  specific  gravity  of  1-86  to  1*95.  The  specific  gravity  is  irregular,  and  is 
not  always  proportional  to  the  contents  of  free  SOg  ;  thus,  oleums  containing  10  per  cent, 
to  56  per  cent,  of  free  SOg  have  gradually  increasing  densities  from  1-856  to  1-977,  and  then 
from  57  per  cent,  to  98  per  cent,  of  SOg  the  specific  gravity  decreases  from  1-976  to  1-840 
at  a  temperature  of  35°  (see  preceding  Table). 

The  strength  of  oleum  is  determined  by  weighing  a  given  quantity  in  a  thin  glass  tube, 
sealed  in  the  blow-pipe,  and  then  breaking  this  under  cold  water.  The  solution  is  then 
titrated  with  normal  NaOH  in  presence  of  methyl  orange.  If  any  SOg  is  present  this  is 
titrated  with  iodine  solution. 

Oleum  solidifies  the  more  easily  at  ordinary  temperatures  the  more  SOg  there  is 
present,  and  this  constitutes  a  practical  difficulty,  because  it  is  always  necessary  to  heat 
it  to  25°  to  30°  in  order  to  liquefy  it,  so  that  liquid  oleum  of  a  strength  which  is  not 
too  high  (30  per  cent.)  is  preferred. 

The  price  of  oleum  of  about  30  per  cent,  of  free  SOg  is  £3  4j.  to  £4  per  ton  in  large 
quantities  and  it  is  stored  and  despatched  in  wrought-iron  vessels. 

Fuming  sulphuric  acid  is  used  in  very  large  quantities  in  the  manufacture 
of  aniline  colours  and  explosives,  in  the  refining  of  mineral  oils,  paraffin,  &c., 
and  in  many  cases  when  the  strength  of  dilute  sulphuric  acid  is  to  be  increased. 

In  1888  the  Badische  Anilin  und  Sodafabrik  of  Ludwigshafen  produced 
18,000  tons  of  sulphur  trioxide  catalytically,  and  in  1900  160,000  tons.  In 
Germany  93,000  tons  of  fuming  sulphuric  acid  were  produced  catalytically 
in  1904,  and  about  100,000  tons  in  1905. 
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INDUSTRIAL    MANUFACTURE    OF    SO3  AND  FUMING 

SULPHURIC   ACID 

This  is  closely  connected  with  the  manufacture  of  sulphuric  acid,  and  will 
in  all  probability  replace  the  old  system  of  lead  chambers. 

It  is  therefore  useful  to  explain  this  new  and  very  important  process  in 
some  detail.  Until  a  few  years  ago  the  process  of  Hanisch  and  Schroder  was 
used,  which  was  based  on  the  reaction  proposed  by  Winkler  in  1876,  and 
was  a  serious  competitor  with  the  only  fuming  sulphuric  acid  works  of  Starck 
at  Prague,  who  obtained  it  by  distilling  iron  sulphate.  Hanisch  and  Schroder 
at  first  worked  with  pure  concentrated  SOg ;  they  then  used  dilute  SO2  as 
obtained  from  the  pyrites  burners,  bringing  it  into  contact  with  catalytic 
masses  of  platinised  asbestos  in  the  heat  at  a  pressure  of  about  three  atmospheres 
in  order  to  obtain  a  more  intimate  contact.  They  thus  hoped  to  obtain  an 
easier  reaction  and  a  better  yield.  The  process  of  Hanisch  and  Schroder  has 
to-day  been  completely  replaced  by  more  rational  catalytic  processes,  which 
are  used  without  pressure  and  by  which  almost  theoretical  yields  are  obtained. 
Until  1898  the  greatest  secrecy  was  maintained  on  the  industrial  preparation 
of  SO3  by  catalytic  means. ^ 

Through  the  indiscretion  of  a  workman  of  the  Ludwigshafen  works,  who 
communicated  the  secret  to  competing  works,  three  patents  were  taken  out 
almost  simultaneously  by  the  Badische  Anilin  und  Sodafabrik  of  Ludwigs- 
hafen, the  Farbwerke  vorm.  Meister  Lucius  und  Briining  of  Hochst,  and  the 
Verein  chemischer  Fabriken  of  Mannheim. 

Li  1901  Knietsch,  who  had  studied  the  problem  at  the  Badische  Anilin 
und  Sodafabrik  for  years,  and  who  had  succeeded  after  many  attempts  in 
discovering  the  industrial  solution  of  the  problem,  read  a  paper  before  the 
German  Chemical  Society  at  Berlin  which  threw  a  little  light  on  this  new 
industry. 

An  epoch  fruitful  in  practical  results  in  connection  with  the  catalytic  manufacture  of 
SO  3  was  started  in  1875  by  the  discoveries  of  Qemens  Winkler  and  of  Squire  and  Messel. 
They  employed  platinised  asbestos,  containing  less  than  5  per  cent,  of  platinum,  and 

*  In  1823  DdbereinerdiBCovered  that  finely  divided  platinum  becomes  hot  in  presence  of  O  and  H  by  causing 
them  to  combine.  Dulong,  Th6nard,  Dumas,  and  Mitscherllch  also  discovered  various  substances  which  cause 
reactions  without  being  altered  themselves.  These  substances  were  called  eatalytic  substances  by  Benelius  in 
1836.  In  1821  a  vinegar  manufacturer  of  Bristol  named  P.  Phillips  obtained  an  English  patent,  6000,  in  which  he 
stated  that  on  passing  sulphur  dioxide  mixed  with  air  through  a  hot  tube  filled  with  platinum  wire  sulphuric  acid 
was  formed,  on  dissolving  the  product  in  water,  without  the  necessity  for  using  nitrate  or  a  lead  chamber.  The 
same  thing  happened  to  Phillips'  discovery  as  has  happened  to  the  ammonia-soda  process  discovered  by  Dyar 
and  Hemming  at  tliat  time  in  England,  and  the  process  of  mercerising  cotton  discovered  by  Lowe,  also  in  England, 
in  1804 :  it  found  no  application  in  that  country,  but  was  then  studied,  and  the  industrial  results  were  obtained 
elsewhere,  although  Phillips'  results  were  confirmed  in  1832  in  Germany  by  Magnus  and  also  by  D6boreiner.  In 
1838  it  appears  that  Kuhlnunn  had  taken  ft  French  patent  of  similar  trend  to  that  of  Phillips.  In  1847  a  Belgian 
chemist,  Schneider,  prepared  a  small  quantity  of  sulphuric  acid  by  a  catalytic  process  in  a  small  apparatus,  employ- 
ing pumice  prepared  in  a  special  manner  (perhaps  with  platinum)  as  a  catalytic  substance.  In  1846  Jullion  (Eng. 
Pat.  245)  proposed  the  use  of  platinised  asbestos  in  order  to  obtain  oxidised  compounds  of  nitrogen  or  chlorine 
from  HCi  and  hot  air. 

In  1848  Laming  prepared  H,SO«,  u^ing  pumice  impregnated  with  manganese  dioxide  and  a  trace  of  ammonia 
as  a  catalytic  substance  at  about  300°.  In  1852  Wdhler  and  Mohla  found  that  H,S04  is  obtained  by  employing  as 
a  catalytic  substance  copper,  iron,  or  chromium  oxides  at  a  red  heat,  and  explained  this  fact  by  supposing  that 
these  oxides  are  transformed  into  lower  oxides  yielding  oxygen ;  and  the  reaction  also  occurred  in  absence  of 
water.  In  1853,  Nobbintwo  English  patents  proposed  as  a  catalytic  substance  iron  oxide  0>umt  pyrites),  which 
acted  still  better  in  the  presence  of  some  manganese  oxide. 

In  1852  Petrie  proposed  the  use  of  platinised  asbestos  for  the  manufacture  of  sulphuric  acid,  and  afterwards 
Thornthwaite  (Eng.  Pat.  188  of  1854)  also  proposed  platinised  asbestos  in  the  heat  for  the  production  of  HtSO« 
by  contact,  or  even  sesquioxides  of  iron,  chromium,  and  other  metals.  In  1855  Piria  prepared  sulphur  trioxide 
from  SOa  +  O  in  presence  of  platinised  pumice.  In  1856  Petrie  proposed  powdered  quarts  as  a  catalytic  substance, 
and  this  was  tried  by  Hunt,  Plattner  and  Keich,  but  without  much  success.  In  1871  Deacon  and  Hurter  used  as 
catalytic  agents  copper  salts,  which  had  already  been  used  for  obtaining  chlorine  from  HG  and  air,  but  the  results 
were  not  encouraging.  All  attempts  made  up  to  this  time  endeavoured  to  obtain  sulphuric  add,  as  the  consump- 
tion of  pure  sulphur  trioxide  and  of  fuming  sulphuric  acid  was  very  small,  and  thus  in  aU  these  experiments  mois- 
ture and  dust  were  not  excluded.  It  is  now  known  that  these  two  substances  rapidly  paralyse  the  catalytic 
action  of  platinum.  In  1862  Qraebe  and  Liebermann  prepared  synthetic  alizarine,  and  after  that  time  the  coal-tar 
colour  works  needed  large  quantities  of  sulphur  trioxide  and  fuming  sulphuric  acid  in  order  to  prepare  the  organic 
sulpho-acids. 
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succeeded  after  many  attempts  in  establishing  the  necessary  practical  conditions  for 
obtaining  an  industrial  yield  of  SOg.  They  found  that  this  catalytic  substance  trans- 
formed 78  per  cent,  of  SO2  into  SOg  when  SO^  and  0  were  present  in  the  stoichiometric 
proportions  necessary  to  obtain  SOg.  If,  on  the  other  hand,  other  gases,  or  even  an  excess 
of  SOg  or  O,  were  present,  they  found  that  the  yield  was  diminished  even  to  12  per  cent, 
(but  this  was  shown  to  be  erroneous  later). 

At  that  time  Winkler,  Squire  and  Messel  decomposed  concentrated  sulphuric  acid  by 
Deville's  process  {see  p.  179)  in  order  to  obtain  SOg  +  O  in  the  right  proportions  ^  ;  they 
dried  the  mixture  of  SOg  +  0  +  HgO,  in  order  to  separate  the  water,  and  then  brought 
SOg  +  O  into  contact  with  the  hpt  platinised  asbestos.  The  industrial  preparation  of  SO 3  for 
the  manufacture  of  fuming  sulphuric  acid  was  thus  started.  Up  to  that  time  this  acid  was 
a  monopoly  of  the  firm  of  Starck  ;  and  before  1877  the  price  rose  very  greatly  to  28,  Id, 
per  kilo  of  SOg  on  account  of  the  large  consumption  in  the  aniline  dyestuff  works.  In 
1879  E.  Jacob,  in  Kreuznach,  placed  fuming  sulphuric  acid  (oleum)  on  the  market, 
prepared  by  Winkler's  process,  obtaining  a  yield  of  70  per  cent,  by  using  sulphuric  acid 
of  66°  B^.,  which  was  then  transformed  into  oleum  containing  43  per  cent,  of  free  SOg. 

In  1866  the  Farbwerke  Hochst  acquired  the  Jacob-Winkler  process,  but  immediately 
afterwards,  instead  of  decomposing  HgS04,  they  worked  with  SOg  from  pyrites  burners. 
In  1887  they  found  it  more  advantageous  to  bum  Sicilian  sulphur,  which  gave  pure  SOg 
directly. 

Up  till  1881  the  Badische  Anilin  and  Sodafabrik  at  Ludwigshafen  also  worked  by 
Winkler's  process,  and  afterwards  by  the  process  of  Schroder  and  Hanisch  by  which  reaction 
between  the  pure  SOg  and  O  was  caused  in  the  heat  under  a  pressure  of  three  atmospheres. 
They  only  employed  the  dilute  SOg  gases  from  pyrites  burners  later,  and  this  allowed  them 
to  give  a  great  impetus  to  this  industry  as  they  were  able  to  produce  cheap  sulphuric  acid 
in  competition  with  that  obtained  by  the  ordinary  process  in  the  lead  chambers.  ^ 

The  theoretical  explanation  of  the  catalytic  formation  of  SO3  is  given 
by  the  law  of  masses  :  SO3  and  O  cannot  be  completely  transformed  into 
SO  8  because  the  reaction  is  reversible :  2SO2  +  62^1!^  2SO3,   and  we  must 

C  "i.C  "i 

therefore  apply  the  general  formula  of  mass  action  (p.  66),     I,  '  ,^     =  K, 

where   C^  =  SOg,  Cj  =  Og,  C^'  =  SO3,    and  where   n   indicates   the   number 

/        1       1  ^u        u         (S02)2(02)       ^       ,  SO3         ^/O^    .- 

of  molecules  ;    we   then   have         ''      '    =  K,  whence  ^tt   =   V  ^J  "  we 

therefore  wish  to  form  larger  quantities  of  SO3  we  must  increase  the  con- 
centration of  the  oxygen.  Theoretically  this  greater  concentration  should  be 
produced  by  means  of  pure  oxygen.  Practically,  however,  the  same  yield 
is  also  obtained  by  simply  employing  larger  quantities  of  air  so  that  the 
oxygen  is  present  in  excess  compared  with  the  SOg.  The  yield  is  not  appre- 
ciably influenced  by  the  excess  of  nitrogen. 

With  a  stoichiometric  mixture  of  2SO2  +  ^2  *^  450°,  Knietsch  obtained 
a  yield  of  94  per  cent.,  and  on  maintaining  the  same  relation  between  SO2 
and  O  in  the  form  of  air  he  obtained  almost  the  same  yield,  namely,  91  percent. 

*  In  Bngland  the  Squire  process,  which  was  patented,  whilst  Winkler  did  not  patent  his  process  in  Germany, 
was  gradually  perfected  in  the  large  works  of  Tbann  of  London,  and,  starting  with  the  decomposition  of  HtSOi, 
they  finally  used  Sicilian  salphtir  for  the  preparation  of  S0|.  They  thus  obtained  90  per  cent,  of  the  theoretical 
yield  of  SOf  The  decomposition  of  the  strong  sulphuric  acid  required  very  high  temperatures  and  the  plant  was 
rapidly  destroyed,  so  that  the  entire  resulting  process  was  somewhat  dear.  Even  when  burning  sulphur  they  always 
maintained  the  stoichiometric  ratio  between  S0|  and  O  for  many  years. 

They  believed  it  to  be  advantageous,  in  order  to  obtain  a  maximum  yield,  to  liavc  at  least  one  of  the  two  gases 
in  a  very  pure  state,  and  then  (after  1880)  they  used  the  process  of  Schrdder  and  Hanisch,  which  gave  pure  SO,, 
and  also  used  pure  dectrolytic  oxygen.  It  was  only  later,  by  applying  the  law  of  mass,  that  the  process  was 
facilitated  and  completed  by  increasing  the  amount  of  one  of  the  reacting  ga.Hes. 

*  The  attempts  to  obtain  cheap  SO,  directly  from  pyrites  burners  date  from  1878  and  were  always  kept  secret 
both  in  the  works  of  Mnldener,  of  Freiberg,  who  worked  by  Winkler's  process,  and  in  that  of  Thann,  of  London, 
where  Sqoire's  process  was  employed.  In  1900  Winkler  published  the  history  of  all  these  experiments  and  men- 
tioned the  great  difflcnlty  encountered  in  purifying  the  gas  from  the  pyrites  burners,  which  easily  paralysed  the 
catalytic  action  of  the  platinum,  and  said  that  it  was  Jacob  (aee  above)  who  solved  the  difficulties  by  burning  sulphur 
instead  of  pyrites.  In  1883  Rath  purified  the  gases  from  the  pyrites  burner*  by  first  cooling  them  and  then  drying 
them  in  a  tower  with  a  spray  of  $>trong  sulphuric  acid.  The  gaseou!<  mixture  was  then  suitable  for  the  catalytio 
action. 
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The  best  results  have  been  obtained  in  practice  when  the  oxygen  is  present 
in  three  times  the  quantity  which  is  required  by  theory.  The  gases  from  the 
pyrites  burners  correspond  closely  to  this  composition,  namely  :  2S08  +  ^Oj, 
because  they  contain  7  per  cent,  of  SOj,  10  per  cent,  of  O2,  and  83  per  cent, 
of  Ng  by  volume. 

According  to  the  law  of  masses  the  yields  should  be  improved  by  increasing 
the  pressure,  but  in  practice  no  advantage  is  so  obtained. 

Knietsch  found  experimentally  that  the  most  favourable  temperature  for  the  cat-a- 
lytic  reaction  is  from  400°  to  460°  ;  a  yield  of  99  per  cent,  of  SO3  compared  with  the  SO, 
present  is  thus  obtained.  At  higher  temperatures  the  SO^  decomposes  rapidly  and  at  1200° 
decomposition  is  complete  if  the  heating  occurs  out  of  contact  with  the  catalytic  material ; 
in  presence  of  the  catalytic  material  the  decomposition  occurs  at  even  lower  temperatures, 
so  that  even  at  1000°  no  SO3  is  formed  in  presence  of  platinum. 

The  decomposition  of  the  SO3  depends  on  the  temperatture  alone,  and  thus  proceeds 
equally  rapidly  whatever  may  be  the  catalytic  substance.  And  therefore  those  catalytic 
substances  only  should  be  suitable  which  exercise  their  maximum  catalytic  effect  at  a 
temperature  below  450°,  that  is,  between  200°  and  450°,  whilst  other  catalysers,  which  act 
at  higher  temperatures,  should  give  a  lower  yield.  Platinum  satisfies  these  conditions, 
whilst  iron  oxide,  which  is  also  used  industrially,  is  a  catalyst,  but  as  it  acts  at  higher 
temperatures  it  does  not  give  a  yield  greater  than  60  to  66  per  cent,  under  these  conditions. 

Knietsch  also  found  that  by  increasing  the  period  of  contact  or  the  quantities  of  cata- 
lytic material  the  equilibrium  was  not  altered,  that  is,  the  yield  was  not  improved.  There 
is,  on  the  other  hand,  an  advantage  in  removing  the  SO 3  as  quickly  as  it  is  formed,  as  may 
be  foreseen  by  the  law  of  masses. 

The  greatest  difficulty  encountered  by  Knietsch,  in  passing  from  laboratory  experiments 
to  industrial  manufacture,  was  due  to  the  extraordinary  and  surprising  difficulty  in  elimi- 
nating the  last  traces  of  arsenic  from  the  burner  gases ;  this  arsenic  acted  as  a  poison  on  the 
platinum,  rendering  it  inactive.  It  was  only  possible  to  obtain  the  burner  gases  completely 
pure  by  cooling  them  slowly  in  iron  tubes  and  washing  them  thoroughly  with  water  and  with 
sulphiuio  acid.  In  order  to  ascertain  whether  the  purification  was  complete  the  gases 
were  observed  optically  through  a  glass  tube  some  metres  long.  When  they  were  quite 
pure  they  then  appeared  transparent,  without  any  mist.  The  chemical  test  was  made  with 
Marsh's  apparatus  (see  Arsenic)  in  water  through  which  the  gas  was  passed  for  twenty- 
four  hours.  In  certain  cases  great  difficulty  was  found  in  eliminating  a  very  fine  mist 
formed  of  finely  divided  sulphur  which  could  not  be  separated  even  by  washing  the  gas 
repeatedly,  and  thus  the  catalytic  platinum  finally  became  inactive.  It  was  found  that 
these  minimal  quantities  of  sulphur  were  only  harmful  on  accoimt  of  small  traces  of  arsenic 
which  they  contained.  This  sulphur  mist  was  also  successfully  separated  by  mixing  the 
burner  gases  with  a  little  steam. 

A  difficulty  of  another  kind  consisted  in  the  avoidance  of  excessive  heating  of  the  catalytic 
substance  due  to  the  heat  of  reaction  : 

SOj  +  O  -  SO3  +  86  Kj.  (20,600  cals.). 

Knietsch  showed  that,  contrary  to  the  general  opinion  up  to  that  time,  the  3aeld  and 
the  velocity  of  reaction  increase  if  the  tubes  containing  the  platinised  asbestos  are  regularly 
and  continuously  cooled. 

If  the  temperature  is  always  maintained  by  suitable  means  at  about  380°  to  450°  a  yield 
of  98  per  cent,  of  SO3  is  obtained,  and  the  apparatus  works  at  its  maximum  capacity.  The 
process  is  practically  controlled  by  simply  watching  the  temperature  of  the  gases  entering 
and  leaving  the  apparatus.  It  was  also  shown  that  no  advantage  was  obtained  by  working 
under  pressure. 

It  was  later  found  that  platinum  could  be  economised  by  replacing  the  asbestos  by  other 
substances  which  were  more  porous,  for  example,  the  oxides  of  iron,  copper,  and  chromium, 
by  which  means  the  catalytic  action  of  these  substances  was  utilised  together  with  that  of 
the  platinum.^ 

*  145  parU  of  burnt  pyrites  free  from  arsenic,  in  well-sifted  pieces  of  the  si£c  of  peas,  may  be  taken.  Thcve 
are  soaked  in  30  parts  of  a  solution  of  platinum  chloride  containing  17  grms.  of  platinum  per  litre  and  are  then 
dried  at  70^.  The  platinum  is  thus  finely  subdivided  and  ready  for  use  as  a  catalyst.  This  mass  does  not  get 
crushed  together  ih  the  apparatus  as  happens  with  platinised  asbestos,  and  is  more  economical.  Platinised 
asbestos  is  prepared  by  soaking  finely  divided  asbestos  in  an  aqueous  solution  of  platinum  chloride  and  th^'n 
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The  aection  shown  in  Fig.  116  givsa  ui  idea  of  the  way  in  wluoh  this  process  has  been 
applied.  The  well-washed  gases  from  the  pyrites  burners  enter  the  peripheral  part  of 
the  apparatus  through  many  openings,  a,  and  by  passing  through  the  horizontal  tubes,  B, 
are  homc^neously  distributed  in  the  flues,  S,  which  are  interruptod  by  walls,  C,  in  order 
to  oblige  the  gas  to  pass  round  the  tubes  containing  the  catalytic  maaa.  In  this  way 
preTiously  cooled  gas  is  used  as  a  cooler  for  the  catalytic  mass  which  is  present  inside  the 
tubes,  R,  and  which  is  heated  by  the  heat  which  is  developed  by  the  reaction.  In  order 
to  regulat«  the  temperature  of  the  gases  a  certain  portion  of  them  are  passed  through  the 
preheater,  O,  before  passing  through  the  openings,  a,  whilst  another  part  of  the  cold  goses 
enters  the  apparatus  directly  through  the  tube,  J.  If  much  gas  is  passed  through  O  the 
temperature  which  is  established  is  higher  than  when  a  smaller  portion  passes  through  it, 
if  the  heating  surface  remains  constant,  and  thus  the  mean  temperature  of  the  mixture 
may  be  varied  at  pleasure,  and  the  tubes  containing  the  catalytic  mass  may  be  cooled 
to  a  greater  or  less  ext«nt.  The  gases  from  the  various  tubes  reunite  at  the  top  of  the 
apparatus  in  the  tube,  F,  and  mix  homogeneously  on  entering  the  chamber,  N,  by  pursuing 
a  zigzag  path  before  arriving  at  the  tubes,  B, 
contuning  the  catalytic  mass. 

In  the  compartment^  D  and  D',  thermo- 
meters are  placed.  The  apparatus  works  well 
when  there  is  a  temperature  of  380°  in  D  and 
450°  in  jy.  Under  these  conditions  96  to  98  per 
cent,  of  the  SO,  is  transformed  into  SO,  with  a 
production  of  40  to  50  kilos  of  SOj  per  tube  in 
twenty-four  hours,  1  kilo  of  platinum  yields 
one  ton  of  H^SO,  per  twenty-four  hours. 

By  decreasing  the  rate  of  production  slightly 
the  yield  may  be  increased  to  99  per  cent  and 
may  be  oontiolled  by  amilysing  the  gases  in  D'. 
At  the  beginning  of  the  operation  the  lower  com- 
partment of  the  apparatus  is  heated  by  the 
tube,  h,  by  means  of  water  gas,  and  the  hot  gases 
escape  at  the  top  through  the  side  tube,  L.  When 
the  temperature  has  reached  300°  the  process  con- 
tiooea  alone  without  further  heating. 

The  compIet«  absorption  of  the  SO,  also  pre- 
sented nnforsHeen  difficnitiea.     It  had  been  noted 

that  on  dissolving  1  kilo  of  SO,  in  much  water  Pio.  115. 

the  heat  development  was  2090  Kj. ;  on  dis- 
solving in  muoh  ooncentrated  sulphuric  acid  at  66°  B6.  1250  Kj.  were  developed,  from 
which  it  appeared  easy  to  absorb  all  the  SO,  with  dilute  sulphuric  acid  from  the  lead 
chamber.  But  in  actual  practice  complete  absorption  was  not  obtained  either  with  dilute 
acid  or  with  water.  A  fog  of  SO,  always  remained,  causing  loss  and  annoyance  to  the 
workmen.  After  many  experiments  Knietsch  found  that  the  absorption  is  only  complete 
when  concentrated  sulphuric  acid  of  97  to  99  per  cent  is  employed. 

This  aeid  has  special  properties  which  were  already  noted  some  pages  back.  Thus  its 
density  is  at  a  maidmum,  more  concentrated  acid  being  leas  dense,  and  it  has  also  a  minimal 
vapour  tension.  With  more  dilute  acid  a  greater  vapour  tension  is  obtained  due  to  vapours 
of  H,SO,  ;  with  more  concentrated  acid  there  is  also  a  larger  vapour  tension  due  to  vapour 
of  SO,,  and  since  the  vapours  of  H^O,  are  dissociated  into  H,0  and  SO,  the  minimal 
partial  presmre  of  SO,  is  oniy  obtained  with  H,SO,  of  97  to  99  per  cent.,  and  this  acid  alone 
is  capable  of  completely  absorbing  the  SO,.  The  concentration  of  the  acid  is  constantly 
moiuloined  at  about  98  pec  cent,  even  during  absorption,  by  constantly  replacing  the  more 
concentrated  acid  which  is  formed  and  passing  in  more  dilute  acid  (see  below  with 
reference  to  vessels  for  storing  fuming  sulphuric  acid). 

By  means  of  the  Badische  Anilin  und  Sodafabrik's  process  one  ton  of  sulphuric  acid 

In  ■  ■olDtLoD  of  nmnnnium  chloridf  ;  on  then  li«Ili«  the  luaig  to  r^nMB  the  pr«fpiUtai]  aDimonlumpLmtlnuni 
chloHde  Hpuato  plsUDUm  In  t,  spongy  totm.  Ttiji,  honeicr.  docs  not  Silhcre  very  weU  to  the  asbntoi  sod  Jl 
li  i»<r  nnuldarad  bett«r  to  soik  the  uboton  or  other  gubstince  dlri?ctty  in  nn  slcohoJIc  lolutton  ot  pUtlnum 
elilarldo.  On  bnrnlDB  tbe  ftloabol  the  finely  divided  pliCtnuin,  wbicb  Is  very  active,  alone  renuJna  ;  Iliis  catalftic 
■DM)  naif  cootaliu  i  per  cent,  ot  plallnum  (Ua^ert,  Oer.  T>t.  tM.'Mfl  ol  lOOtJ, 
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was  obtained  per  tweaty-four  honra  per  kilo  of  finely  diTided  platinum  ;  to-day  even  lem 
platinum  is  employed. 

The  first  German  patent  of  the  Badische  Anilin  und  Sodafabrik  ie  dat«d  Jane  3,  I89S 
{Ger.  Pat.  113,933}.  and  one  of  the  last  is  dated  March  24.  1901  (Ger.  Pat.  140.353). 

The  Farbworko  Meister  Lucius  und  Briining  of  Hochst  also  achieved  the  catalytic 
preparation  of  80,  through  the  discovery  of  Krauss  and  Dr.  Muller  von  Bemeck.  The 
first  German  patent  is  tliat  of  January  6,  1898  (Ger.  Fat.  105,876),  and  the  last  one 
that  of  February  6,  1902  (No.  135,887).  They  encoimtered  the  same  difficulties  as  the 
Badische  Company  and  gradually  overcame  them.  The  heat  of  reaction  between  the  SO, 
and  O  was  utilised  to  heat  the  gaseous  mixture  of  SO,  and  air  proceeding  from  the  pyrites 
burners,  which  was  cooled  by  washing  with  wat«r  and  with  concentrated  sulphuric  acid. 

The  arrangement  of  the  apparatus  is  illustrated  in  Fig.  116.     The  cold  gaseous  mixture 
enters  at  ff,  is  heat«d  to  the  deaired  temperature  by  passingover  the  battery  of  very  hot 
tubes,  R,  and  then  escapes  laterally  in  order  to  descend  again  through  C  over  the  catalytic 
mass  where  it  is  heated  by  the  reaction  which  occurs.     It  then  escapes  through  the  tubes, 
R,  and  gives  up  a  portion  of  i4«  heat  in  order  to  pre- 
heat gases  which  arrive  through  E,  finally  passing  out 
a,t  A.i 

The  Fatbwerke  found  that  they  were  not  tied  to  the 
most  favourable  temperature,  but  that  they  could  also 
work  at  higher  temperatures  by  modifying  the  equi- 
librium in  a  sense  favourable  to  the  separation  of  80, 
as  fast  as  it  was  formed,  and  then  passing  the  gases 
which  had  not  reacted  over  the  mass  for  a  second  time. 
In  this  way  they  obtained  a  yield  of  95  per  cent,  of  SOj 
in  practice. 

The  following  substwioeswere  found  to  be  dangerous 

to  the  platinum,  as  they  acted  as  catalytic  poisons ;  As, 

Se,  Tl,  and  Sb.     But  when  arsenic  is  deposited  on  the 

contact  platinum  it  can  be  completely  eliminated,  and 

the  activity  of  the  platinnm  revived,  without  removing 

it  entirely  from  the  apparatus,  by  adding  a  small  amount 

Fig.  110.  of  steam  to  the  gases  which  pass  over  the  contact  mass, 

whilst  this  is  heated.     The  Farbwerke,  on  employing  iron 

oxide,  FciOj,  as  a  catalytic  substance,  made  the  following  surprising  discovery :  if  a  current 

of  SOjobtainedfrom  the  ordinary  pyrites  burners  is  passed  through  a  tube  containing  burnt 

pyrites  at  300°  to  400°,  less  SO,  is  found  at  the  far  end  of  this  tube,  but  the  corresponding 

quantity  of  SO,  is  jKrf  present.     A  part  of  the  80,  is  thus  absorbed  by  the  burnt  pyrites, 

or,  more  precisely,  by  the  various  compounds  which  this  contains.     In  tact,  on  adding 

ferrous  sulphate  to  the  burnt  pyrites  the  absorption  of  SO,  increases  and  becomes  complete 

and  quantitative  if  the  gases  contain  a  small  amount  of  moisture.     On  then  heating  the 

burnt  pyrites  to  550°  in  presence  of  SO,  all  SO,  which  has  been  previously  absorbed  is 

liberated  in  the  form  of  SO,  and  H,SO,.  ' 

The  catalytic  reaction  of  the  burnt  pyrites  becomes  greater  when  ferrous  sulphate  is 
present,  because  this  is  first  oxidised  and  then  decomposed,  forming  finely  divided  iron 
oxide,  Fe,0,,  which  is  then  much  more  active.  The  residual  sulphur,  which  is  ordinarily 
contained  in  burnt  pyrites,  is  then  also  utilised  and  transformed  into  SO,,  the  burnt  pyrit« 
becoming  redder  in  colour.  A  new  process  of  preparation  of  SO,  and  of  H,80(  has  been 
'  The  Bteom  nefaaty  [or  driving  the  pump  whLrli  Itpepn  Ihraf  large  m»«B»  of  gu  tndrculkUoninuoblalnfd 
from  the  lint  gjun  from  the  pyrites  burners,  whicJi,  At  a  t^*nipeiftture  of  600'*  lo  600°,  pass  over  Iron  tnbex  In 
which  wster  from  specliil  bollera  clrtraUtm. 

■  The  Firhwerke  found  thiit  the  falloning  Fubxtanere  alw  ictcd  Bs  caUlynts:  vsoiidk  icid,  tungrtic  uid. 
molybdic  »cid,  and  their  mutual  comMnallons ;  also  the  more  highly  oiidised  oiidM  and  sulphates  ol  Tt,  Co. 
Si,  Cu.  Ag,  Hn,  Cr,  and  V.  Ac.,  and  tlao  the  oxides  at  Ce,  Dy.  la.  Zn,  Th,  Ti,  SI,  and  thoaa  of  certain  other  isre 
element*.  Finely  divided  platinum  Is  ths  moat  energetic  of  all  these  sabetancos,  and  undei  certain  condltloni 
produces  »  very  energetic  catalytic  reaction  even  at  200°,  instead  ol  4Sa°. 

RusscI  and  Smith  showed  in  1901  that  the  foOowlng  oxide?  and  hydroildea ;  MnO„  PbO„  Fb/}„  and  Cr.O,. 
also  act  eatalytlCBll;  on  SO,  -|-  0  In  the  cold.  In  proportion  lo  the  contact  lorteee ;  but  all  action  c«se*  II  tlHw 
■ubiUncea  are  eomplrtelj  dry.  Bveo  with  hot  platinum  tlie  reaction  Is  minimal  or  lero  II  the  snbalaiica  are 
absolutely  dry.  whilst  it  Is  greatly  accelerated  by  a  mere  treee  of  steam.  On  (he  other  hand,  an  eicees  of  steam 
acts  as  a  poiwn  on  the  platinum  and  the  catalytic  acliiin  la  reduced  to  a  minimum.  The  mixture  of  dry  ga:»-i 
a»  11  t"  now  prepareit  industrially,  even  after  drj-iiig  wllli  >1n>ng  sulphuric  acid,  always  contains  Iraees  of  jiioi^lurc 
wllirh  are  very  tavnurable  1«  the  catalytic  »ctlo|i. 
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evolved  from  these  eiperimenta  and  is  ifluHtrated  Bchematicftlljr  in  Pig.  117.  The  burnt 
pyrites  eoaked  in  ferrous  sulphate  solution,  which  is  obtained  dniing  the  treatment  of 
burnt  pyrites  containing  copper  {see  Copper  Sulphate),  is  raised  by  means  of  an  elevator,  L, 
and  then  continuously  passed  into  a  tube,  C,  by  means  of  a  helical  transmitter,  E.  The 
rotating  tube,  C,  is  made  of  wrought  iron,  and  the  contents  are  well  distributed  by 
means  of  fixed  longitudinal  plates  throughout  its  length  (see  section  te  left  of  figure).  The 
tube  is  rotated  on  the  carrier,  H,  by  means  of  the  cog-wheel,  F ;  the  burnt  pyrites  descend 
the  tube  in  the  opposite  direction  to  the  current  of  hot  gasee  which  passes  in  from  the 
pyrit«s  burners,  A.  In  the  upper  and  colder  part  of  the  tube  the  SO,  is  absorbed  by  the 
burnt  pyrites  and  this  gradually  descends  into  the  lower  hotter  part  of  the  tube  where 
all  the  8  and  SO,  are  completely  liberated  in  the  form  of  vapours  of  80,  and  H,SO,.  These 
vapours  travel  up  the  tube  and  enter  the  chamber,  if,,  together  with  the  indifferent  gases  of 
the  atmosphere.  In  this  chamber  the  dust  which  is  carried  over  with  the  gases  is  deposited, 
and  they  pass  through  the  tube,  S,  into  the  absorbing  or  condensing  apparatus.  The  burnt 
pyrites,  free  from  sulphur,  is  collected  in  the  chamber,  Kj,  and  may  then  bu  continually 
re-employed  in  order  to  Utilise  all  the  sulphur  which  it  contains  ( 1  te  2  per  cent. )  in  the  state 
of  sulphide. 


This  process  is  used  at  Hochst,  at  Hruschau,  and  at  Hamburg.  In  order  to  obtein 
fuming  sulphuric  acid  the  80,,  cooled  te  50°  te  60°,  is  dissolved  by  sulphuric  acid  of  about 
95  per  cent.  To  obtain  ordinary  sulphuric  acid  the  gases  are  dissolved  in  water  or  dilute 
sulphuric  acid.  If  a  concentration  of  more  than  95  per  cent,  of  H,SO,  is  reached,  the  acid, 
which  was  at  first  clear,  becomes  opalescent,  because  a  little  ferrous  sulphate  which  is  formed 
in  the  apparatus  and  which  is  only  soluble  in  acid  of  leas  strength  than  96  per  cent,  is 
separated.   If  the  acid  is  turbid  it  is  readily  and  completely  cleared  by  adding  a  little  water. 

In  the  Schroder-Grilloprocesaa  very  active  catalytic  substance  is  used  which  isobtained 
by  subdividing  platinum  in  a  magnesium  salt ;  magnesium  sulphate  is  soaked  in  a 
solution  of  a  platinum  salt  and  then  heated  in  presence  of  SO,,  when  finely  divided  platinum 
separates. 

This  catalytic  mass  is  very  economical  because  it  is  very  dilute,  and  contains  only  one 
one-hundredth  part  of  the  platinum  contained  in  platinised  asbestos  ; '  with  600  mgrms. 
of  finely  divided  platinum  one  ten  of  oleum  is  produced  per  day  witJi  a  consumption  or 
loss  of  only  20  mgrms.  of  platinum  per  ten  of  acid.  The  brown  coloration  which  is  often 
found  in  acid  obtained  by  this  process  is  removed  by  the  addition  of  lead  peroxide  and  by 
then  filtering  through  sand. 

About  thirty  works  employ  this  process  to-day  and  the  yields  are  from  96  to  98  per  cent. 
The  first  patent  obtained  was  that  of  Schroder-Grillo  of  Hambom  of  May  17,  1898  (Ger. 
Pat.  102.244),  and  the  last  that  of  May  20,  1901.  which  is  an  English  patent.  The  process 
of  the  Verein  chemiselKT  Fabriken  in  Mannheim  was  discovered  by  Dr.-*,  A.  Clemm  and 
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Haaentwoh.  The  first  patent  obtained  was  that  of  July  31,  1898  (Ger.  Pat  107,996),  and 
the  last  that  of  December  31,  1901,  which  is  an  AmericM)  patent.  The  process  is  based 
'  on  tlie  obeerration  made  by  Lunge  in  1878  that  when  gaaea  from  the  pyrites  burners  ore 
paeeed  over  red-hot  burnt  pyrites,  Fe,Oj,  18  per  cent,  of  the  SO,  contained  in  the  gases  ia 
converted  into  SOj.' 

By  the  new  process  the  pyrites  are  burned  in  previously  dried  air  in  snoh  ft  manner 

that  gases  containing  2  to  3  per  cent,  of  SO,  are  obtained.     The  bumeis  are  completely 

encased  in  sheet  iron  and  thus  hermetically  closed  in  order  to  prevent  the  entrance  of  moist 

air.     The  purified  gases  enter  the  first  chamber  which  contains  a  layer  of  2  to  3  metres 

of  bnrnt  pyrites  (ferric  oxide,  Pe,Oj)  which  at  a  temperature  of  about  600°  transforms 

60  per  cent,  of  the  SO,into  SO,.     The  SO,  is  then  all  absorbed  by  means  of  sulphuric  acid, 

and  the  remaining  SO,  which  is  dry  and  pure  cnt«r3  another  compartment  where  it  comes 

into  contact  with  finely  divided  platinum  and  is  then  completely  transformed  into  SO,. 

Fig.  118  illustrates  diogranmiatically  two  compartments  of  the  pyrites  burner  where  the 

combustion  of  the  ore,  a',  a^, 

a',  a*,  takes  place. 

The  air  needed  for  the  com- 
bustion passes  in  through  the 
tube,  d,  through  a  drying  tower, 
e',  e',  and  then  through  the 
tubes,  /I,  /*,  to  below  the  grate 
of  the  furnace. 

The  mixture  of  SO,  and  air 

enters  a  tall  chamber,  g^  and  g^, 

containing  the  catalytic  mass  of 

burnt  pyrit«B  which  tran^orms 

the   SO,  into   SO,  at  a  definite 

Fig.  118.  temperature.      If    necessary    a 

larger  quantity  of  air    may  be 

passed  in  directly  through  the  tube,  /*.     The  SOj  which  is  so  formed  passes  out  through 

the  tube,  b,  to  the  condensing  apparatus  ;  the  unaltered  SO,  is  passed  over  the  platinum 

contact  mass.     In  order  to  renew  the  iron  oxide  this  is  discharged  through  the  revolving 

grate,  j,  and  the  chamber  is  then  recharged  with  new  burnt  pyrites  through  the  upper 

opening,  K. 

In  his  theoretical  explanation  of  catalytic  phenomena  Lunge  maintains 
that  the  increase  of  the  velocity  of  reaction  which  ie  considered  by  Oetwald  as 
a  simple  manifestation  of  catalj'tic  action  may  be  explained  in  these  cases  by 
the  formation  of  intermediate  products  ;  and  in  the  case  of  platinum  we  may 
BUppoBB  these  to  consist  of  easily  decomposable  intermediate  oxides.  As  a 
matter  of  actual  fact  Wohler  discovered  oxides  of  platinum  in  1909.  The 
supposed  catalytic  action  of  iron  oxide  may  be  explained  experimentally  by 
the  intermediate  formation  of  ferric  sulphate  which  has  a  temperature  of 
decomposition  very  close  to  that  of  its  formation,  and  we  can  then  understand 
how  under  certain  conditions  SOj  continues  to  be  formed  by  decomposition 
of  the  sulphate,  so  that  apparently  unaltered  iron  oxide  finally  results  : 

FejOs  +  3S0,  +  30  =  Fei{S04)s ; 
and  this  then  decomposes  as  follows  :   Fe,(S04)3  =  FejOj  +  SSOj. 

In  1902  Keppeler  actually  observed  that  iron  oxide  first  forms  ferric  sulphate 
which,  at  a  temperature  of  400°,  commences  to  liberate  molecules  of  SO,, 
until  the  partial  pressure  of  this  gas  {see  p.  63)  is  equal  to  the  decomposition 
tension  of  the  ferric  sulphate.  The  decomposition  tension  of  the  sulphate 
varies  with  the  temperature  and  depends  upon  the  vapour  tension  of  SO,. 
Towards  600°  complete  dissociation  of  the  sulphate  takes  place  at  the  ordinary 
pressure  (1  atmosphere),  that  is,  that  at  that  temperature  the  dissociation 

■  It  »M  *Uo  found  that  diTotnium  And  iron  olidai  Had  the  coirtaponding  ii^Jphatai  Inaoue  the  activity  ol 
Jroaoxlds.    lu  IDOi  Lunge  and  PoUltt  rnuoii  th^t  coppnr  and  ursenlc  oiido'  alH>  h*^e  s  beneficial  aclion  on  Xbt 
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tension  of  the  sulphate  has  overcome  the  partial  tension  of  the  SO,.  But  de- 
composition may  also  occur  at  lower  temperatures,  because  at  these  tempera- 
tures the  partial  tension  of  the  SO3  vapours  may  be  lower  than  the  dissociation 
tension  of  the  sulphate.  Thus,  for  example,  if  the  gases  from  the  pyrites  burners 
are  diluted  to  such  an  extent  that  a  gas  containing  8  per  cent,  of  SO3  is  finally 
obtained,  then  the  partial  vapour  pressure  of  the  SO3  wiU  be  ^hr  ^^  *^  atmo 
sphere.  Thus  the  dissociation  of  the  ferric  sulphate  will  occur  at  a  much 
lower  temperature,  namely,  that  which  corresponds  to  a  dissociation  tension 
of  the  sulphate  of  y^  of  an  atmosphere. 

Keppeler  has  observed  that  the  dissociation  tension  of  the  sulphate  always 
commences  at  about  500°,  whilst  its  temperature  of  formation  is  a  little 
lower.  Thus,  on  working  with  an  excess  of  oxygen,  that  is,  with  very  dilute 
burner  gases  (2  to  3  per  cent,  of  SO2),  this  temperature  suffices  for  the  con- 
tinuous formation  and  dissociation  of  the  sulphate.  If  the  oxygen  is  not 
present  in  excess,  then,  according  to  the  law  of  masses,  the  temperature  of 
formation  of  the  sulphate  will  be  higher.  If  abundant  quantities  of  this  gas 
are  present,  that  is,  if  there  is  great  dilution  with  air,  the  heat  of  reaction 
wiU  raise  the  temperature  of  the  entire  catalytic  mass  only  slightly,  and  thus 
the  disadvantageous  dissociation  of  SO3  in  contact  with  the  very  hot 
catalytic  mass  will  be  diminished  {see  above). 

Since  biunt  pyrites  produce  their  maximum  catalytic  effect  at  625°  and 
since  at  that  temperature  a  portion  of  the  SO3  is  already  dissociated,  we  can 
understand  why  the  highest  yield  which  can  be  obtained  by  this  method  is 
only  70  per  cent,  and  why  the  remaining  SO2  has  therefore  to  be  transformed 
by  means  of  a  platinum  contact. 

The  process  of  Babe  (1901)  deserves  to  be  recorded ;  it  is  distinguished  by  various 
improvements  in  the  details  of  certain  operations. 

In  this  process  there  is  a  special  arrangement  for  purifying  and  drying  the  gases  from 
the  pyrites  burners,  by  means  of  which  even  traces  of  HCl  are  removed  with  sodium 
disulphite  crystals.  By  cooling  the  concentrated  sulphuric  acid  which  absorbs  the  SO3, 
by  suitable  means,  a  very  concentrated  oleum  may  be  obtained.  Several  works  used 
Rabe's  process ;  in  one  of  these  the  complete  cost  of  one  ton  of  SO3,  which  includes  all 
expenses,  amortisation,  &c.,  is  about  £2. 

We  will  finally  record  the  process  of  Holbling  and  Ditz  (Ger.  Pat.  149,677  of  1903) 
in  which  a  mixture  of  the  sulphates  of  thorium  and  cerium  together  with  a  Httle  praseo- 
dymium sulphate  is  used  as  a  catalyst,  by  which  means  the  yield  rises  to  92  per  cent.  Kiister 
obtains  good  results  by  employing  vanadium  pentoxide  at  450°  as  a  catalyst,  and  suitably 
regulating  the  amount  of  moisture. 

L.  Heinz  (U.S.  Pat.  876,909  of  1908)  has  recently  proposed  the  purification  of  the  gases 
which  are  to  be  brought  into  contact  with  the  catalytic  mass  by  first  transforming  about 
20  per  cent,  of  the  SOg  into  sulphuric  acid  in  a  system  similar  to  that  of  the  lead  chambers 
and  then  passing  the  remaining  gases,  freed  from  arsenic  and  from  fog,  over  the  catalytic 
mass. 

Vessels  for  preparing  and  storing  fuming  sulphuric  acid  must  not  be  made  of  cast 
iron,  although  this  resists  ordinary  sulphuric  acid  monohydrate  so  well,  as  these  are  easily 
broken  and  even  exploded  by  oleum,  which  penetrates  into  the  pores  of  the  metal,  producing 
HjS,  SO2,  and  CO  (this  latter  gas  being  formed  from  the  carbon  in  the  cast  iron).  Wrought- 
iron  receivers  are  slightly  corroded  by  weakly  fuming  acid  (up  to  27  per  cent,  of  freeSOj), 
perhaps  because  such  oleum  has  a  greater  electric  conductivity  than  acid  of  other  concen- 
trations. If  the  oleum  contains  more  than  27  per  cent,  of  free  SO3  wrought-iron  vessels 
resist  its  action  very  well,  and  remain  unaltered  for  years.  Acid  thus  stored  is  free  from 
iron  (less  than  0*008  per  cent.),  and  such  acid  is  in  request  for  use  in  accumulators  and  in 
the  manufacture  of  pure  aluminium  sulphate. 

The  cost  of  production  in  Germany,  according  to  Luty  and  Niedenfiihr,  is  as  follows; 
one  ton  of  sulphuric  acid  calculated  as  monohydrate  obtained  in  lead  chambers  at  50°  B^ 
or  by  catalytic  methods  from  sulphur  trioxide,  and  with  reference  to  a  plant  for  the  daiN 
productioQ  of  twenty  tons  of  monohydrate,  will  cost  i^  follows ; 
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Pyrites       ....... 

Nitrate      ....... 

Fuel  for  heating  and  power .... 

Labour      ....... 

Repairs      ....... 

Amortisation  and  interest : 

(a)  Plant  and  land        .... 

,{b)  For  patent  expenses  (£4(X)0) 
Cost   of   dilution   of  the   catalytic  sulphuric 
acid        .....  about 

Cost  of  one  ton  monohydrate  without  general 
expenses  . 


Old  plant  with 

lead  chambere 

and  furnaces 

worked  by 

hand 


Shillings 
12-80 
2-08 
1-92 
2-24 
1-36 

6-63 


2703  « 

(£1  7s,  Oid,) 


New  plant  with 

lead  chamben*, 

plate  towers, 

and  mechanical 

furnaces 


Shillings 
12-80 
2-08 
1-92 
1-68 
1-20 

3-68 


23-36  = 
(£1  3«.  4^.) 


Catalytic  pro- 
cess under  the 
best  modern 
conditions 


Shillings 
12-80 

1-60 
1-92 
1-20 

6-72 
104 

1-6 


26-88  = 
(£1  6s.  lOid,) 


Under  these  conditions,  and  it  is  useless  to  overlook  it,  we  must  consider  that  the  last 
hour  of  the  lead  chambers  is  not  very  remote,  and  although  these  may  continue  to  be  used 
for  some  time,  this  is  due  to  the  fact  that  during  the  last  few  years,  under  the  stimulus  of 
the  new  competing  process,  numerous  and  important  improvements  in  the  lead  chamber 
process  have  been  introduced  as  we  have  recorded  above  ;  but  the  catalytic  process  is 
also  being  continually  improved.  The  patent  licences  continually  cost  le^s  and  less  and 
in  a  few  years  will  be  public  property.  Certain  technical  specialists  have  testified  that  the 
supervision  and  regulation  of  the  catalytic  process  is  easier  than  that  of  the  lead 
chambers. 

To-day  already  the  advantage  of  the  catalytic  process  is  very  great  when  sulphuric 
acid  monohydrate  or  even  concentrated  acid  of  66°  B6.  is  to  be  prepared,  because  on  distilUng 
in  platinum  apparatus  this  acid  costs  at  least  £1  I2s.  per  ton,  whilst  catalytlcally  it  costs 
about  £1  7«.  2id, 

For  large  plants  the  Badische  process  appears  to  be  the  most  convenient  and  for  small 
plants  the  processes  of  Rabe  or  of  Schroder-Gnllo.  In  Italy  there  are  three  catalytic 
sulphuric  acid  plants.  In  the  United  States  there  are  five  plants,  mainly  on  Schroder- 
Grillo's  system,  producing  50,000  tons  of  oleum.  In  England  there  were  two  plants  in 
continuous  work  in  1909. 


DERIVATIVES  OF  SULPHURIC  ACID 

CHLORO-ANHYDRIDES  OF  SULPHURIC  ACID.  These  may  be  considered  as 
sulphuric  acid  in  which  one  or  both  of  the  OH  groups  are  replaced  by  chlorine.  They  arc 
obtained  by  treating  sulphuric  acid  with  phosphorus  pentachloride  (PClg) ;  these  anhydrides 
regenerate  sulphuric  acid  with  water. 

XT 


The  monochloro-anhydride    of    sulphiuic    acid    SO, 


/         is  also  called  chloro- 


OH 


OH 


sulphonic   acid,    and   is   formed    by   the    following   reactions :    SO,^^         +  PCI5  = 

^OH 

HCl  +  FOCI 3  +  SOj  .    The  phosphorus  oxychloride  POCI3,  which  is  thus  formed, 

OH 
reacts  further  with  sulphuric  acid,  generating  more  chloro-anhydride  and  metaphosphoric 
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acid.  It  is  also  obtained  from  SOg  or  pyrosulphuric  acid  (H2S2O7)  with  HCl  vapours. 
It  is  prepared  still  more  conveniently  by  passing  chlorine  through  cooled  sulphuric  acid, 
or  by  slowly  dropping  phosphorus  trichloride  into  it. 

It  is  a  colourless,  fuming  liquid  of  sp.  gr.  1-716,  and  boils  without  change  at  152°.     Its 

.a 

potassium  salt  SOj^  is  obtained  by  the  action  of  SOg  on  KGl. 

/CI 
The  dichloro-anhydride  of  sulphuric  acid  SOg^        is  also  called  sulphury  1  chloride, 

a 

sulphuryl  being  the  name  of  the  SOg  group  in  sulphuric  acid.  It  is  easily  formed  by  direct 
interaction  of  CI  and  SO,  in  presence  of  a  little  camphor. 

It  is  a  colourless  liquid  of  pungent  odour  which  fumes  less  in  the  air  than  the  mono- 
chloro-anhydride  ;  it  has  a  specific  gravity  of  1-667  and  boils  unchanged  at  69°. 

A  chloro-anhydride  of  pyrosulphuric  acid,  S1O5CI2,  is  known,  and  boils  at  142°. 
The  chloro-anhydride  of  sulphurous  acid,  S0C1|,  which  is  also  called  thionyl  chloride, 
is  also  known. 

AMINO  DERIVATES  OF  HJSO4.  These  compounds  have  a  constitution 
analogous  to  that  of  the  chloro-anhydrides,  the  OH  groups  of  .sulphuric  acid  being  replaced 
by  the  ammoniacal  residue  NH|  (amino) :   thus  we  have 

/OH  /NHj 

so/  ;        SOa^ 

^NH,  ^NH, 

Aminoeulphonic  add     Sulphamide  or  amide 
or  sulphaminic  acid  of  sulphuric  acid 

SULPHAMIDE  is  obtained,  mixed  with  sulphimide,  from  NH3  and  SOgCli,  and  forms 
large  colourless  crystals  which  melt  at  81  °.  It  is  soluble  in  water  and  has  a  neutral  reaction. 
The  hydrogen  united  to  nitrogen  is  replaceable  by  metals.  When  heated  to  200°  it  forms 
sulphimide  SOjNH  in  which  two  atoms  of  hydrogen  of  the  NH3  are  replaced  by  the  sulphuryl 
residue  and  the  residue  NH  is  called  imide.  The  hydrogen  atom  of  the  imido-group  is  also 
replaceable  by  metals,  and  salts  are  thus  formed  which  are  better  crystaUised  and  more 
stable  than  sulphimide  itself. 

SULPHAMINIC  ACID  is  obtained  from  SO3  and  NH,. 

An  iminosulphonic  acid  NH(S03H)2  (=  disulphaminic  acid)  is  also  known,  and  so  is 
nitrilesulphuric  acid  N(S03H)3  (trisulphaminic  acid)  in  which  the  monovalent  SO3H  group, 
called  the  siUpkonic  group,  is  contained  three  times. 

/OH 

THIOSULPHURIC  ACID,  SO/  is  not  known  in  the  free  state,  and  when  it  is 

SH 
liberated  from  its  salts  (thiosulphates)  by  means  of  strong  acids  it  at  once  decomposes 
into    SO2  +  S  +  HjO.     The    salts   are    obtained    by  heating   sulphites   with    sulphur : 
SOaNa,  +  S  =  SjOgNaj,  or  by  heating  sodium  sulphide  and  sodium  sulphite  with  iodine. 

POLYTHIONIC  ACIDS :  those  all  contain  six  atoms  of  oxygen  and  two  of  hydrogen 
with  varying  numbers  of  atoms  of  sulphur.  They  may  also  be  considered  as  condensation 
products  of  two  sulphonic  acid  groups  by  means  of  sulphur  atoms. 

SO  H 
DITHIONIC  ACID  :    .    »"  =  SjOgH,.     This  is  only  known  in  a  solution  obtained 

SO3H 

from  manganous  dithionate  MnSsOe*     On  heating,  it  forms  SOg  +  H2SO4. 

/SO3H 

TRITHIONIC   ACID  :   S\  =  SgOeHg,  is  not  known  in   the  free  state ;  the 

^SOjH 

potassium  salt  is  obtained  by  heating  acid  potassium  sulphite  in  aqueous  solution  with 

flowers  of  sulphur,  or  from  sulphites  with  hyposulphites  and  iodine.     With  strong  acids  it 

separates  S  and  SO2. 

TETRATHIONIC   ACID  :  n^'^^"  =  S^OgHj.     The  salts  of  this  acid  are  obtained 

S.SO3H 

from  thiosulphates  with  iodine  :   2SJO3K2  +  I2  —  S40eK2  +  2KI. 
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/S— SO,H 
PENTATHIONIC     ACID  :    S<(  -  SgO,H„  is    obtained     together    with 

^S— SO,H 
tetrathionic     acid     by    paaaing     H,S     into     an     aqueous     solution     of     SOj     at    0' : 
SaOt  +  6H^  -  H^jOe  +  4  H,0  +  5S,  by  which  means  WaekeTvOdtr't  liquid  is  formed. 
In  uontra distinction  to  sulphuric  acid  <^  the  polythionic  acids  yield  very  soluble  barinin 
salts. 

PERSULPHURIC  ACID,  H^fis  oc  HSO^.     This  acid  is  not  known  in  the  free  stAte, 

but  is  formed  when  sulphur  heptozide,  Sfi,,  is  dissolved  in  wat«r.     This  latter  compound 

is  obtained  in  a  crystalline,  easily  fusible,  and  easily  alterable  condition  by  passing  an  electric 

discharge  through  a  miiture  of  oijgen  and  SO,,     It  is  also  formed  in  electric  accumulators. 

A  solution  of  persulphuric  acid  is  easily  obtained  with  the  apparatus  of  EUce  and  SchoTiher 

(Fig.    119).     Sulphuric   acid  of  ^p.   gr.    1-4  is  placed  in  the  test-tube,  A.  and  a  current 

of  2  amps,  and  a  density  of  100  amjis.  per  square  decimetre  of  surface  of  the  electrodes 

is  passed  by.  means  of   the    arrangement   indicated   in 

the  figure  between  the  platinum  anodes  and  cathodes 

leo  and  water  arc  placed  in  the  vessel,  F,  in  order  to 

cool  the  apparatus,  and  the  gases  formed  at  the  anode 

during  electrolysis  escape  through  the  tube,  B.     The 

solution    is  decomposed    on   heating,  forming    H,SOi. 

nascent  oxygen  and    ozone.      The   solutions   decolorise 

indigo,  but  not  permanganate  solutions,  nor  do  they 

produce  a  blue  coloration  with  solutions  of  bichromates, 

by  which  means  this  acid  is  distinguished  from  hydrogen 

peroxide. 

The   persulphateB   and   their   applications    are   dealt 
with  in  Part  III. 

CARO'S    ACID     (Oxypersulphuric    acid).    S,0,Hi. 

The  formula  HSOg  was  first  attributed  to  this  acid,  but 

after  a  series  of  investigations  ranging  from   1898  to 

1903,  it«  exact  constitution  was  determined  ;  it    is  ob. 

Fio.  119.  tained  by  dissolving  potassium  or  ammonium  pwsulphale 

in  strong  sulphuric  acid  with  stirring,  whilst  cooling  by 

means  of  ice.     A  pasty  mass  result*,  which  then  soUdifiea  and  has  very  great  oxidising 

power  ;  it  is  called  Caro's  reagent  and  is  used  in  researches  on  alkaloids 

OXYGEN  COMPOUNDS  OF  Se  and  Te 

SELENIUM  DIOXIDE,  SeO„  or  SELENIOUS  ANHYDRIDE.  TWb  compound 
is  formed  on  burning  selenium  in  oxygen  or  air.  With  potassium  iodide  dissolved  in 
hydrochloric  acid,  selenium  and  iodine  are  separated  : 

SeO,  +  4KI  +  4HC1  -  4KC1  +  2H,0  +  Se  +  21,. 
It  is  a  white  substance,  forming  needles  which  sublime  at  about  320°  without  melting. 
It  is  easily  soluble  in  water,  being  transformed  into  selenious  acid,  SeO,H,.  This  acid  is 
also  obtained  by  dissolving  selenium  in  concentrated  nitric  acid  and  forms  large  colourlesE 
crystals  which  decompose  on  heating  into  SeO,  +  H,0.  Selenious  add  is  reduced  by 
sulphur  dioxide  with  separation  of  selenium  and  formation  of  sulphuric  add  : 
SeOjH,  +  2S0,  +  H,0  =  Se  +  2S04H,. 

With  H,Sit8  solutions  give  ayellow  colloidal  solution  of  selenium  sulphide,  which  becomes 
rod  under  the  influence  of  time,  heat,  light,  or  pressure.     Its  salts  are  called  adeniUs. 

SELENIC  ACID,  Se0,H,.  This  acid  is  obtained  by  oxidising  selenious  acid  «ith 
chlorine :  SeOjH,  +  HjO  +  CI,  -  2HC1  +  ScGjHj.  When  pure  it  forms  crystals  which 
melt  at  &8°  ;  at  a  concentration  of  95  per  cent.  (sp.  gr.  2'6)  it  forms  a  dense  oily  liquid.  A 
hydrate,  Se04H,  .  H,0,  is  known,  but  selenic  anhydride  is  not  known.  Its  salts  are  called 
aelauaee. 

TELLURIUM  DIOXIDE,  TeOi-  This  substance  is  obUined  as  a  white  crystaUiDB 
mass  by  burning  tellurium  ;  it  melts  at  a  red  heat,  and  then  sublimes,     It  is  almost  insoluble 
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in  water.  TeUtarioua  acid,  HjTeO,,  is  formed  on  dissolving  telliirium  in  nitric  add,  and 
separates  from  the  solution  as  a  white  powder  on  diluting  with  water.  This  powder  is 
decomposed  on  heating,  forming  TeO,  and  HJO. 

TELLURIC  ACID,  H2Te04,  This  compound  is  obtained  by  oxidising  tellurious  acid 
with  chromic  add.  It  is  separated  from  the  solution  as  a  white  powder  by  means  of  con- 
centrated nitric  acid.  It  is  only  slightly  soluble  in  water  and  has  a  feebly  add  reaction. 
On  heating  carefully  it  decomposes  into  water  and  telluric  anhydride  (TeO,),  which 
forms  a  yellow  powder  insoluble  in  water. 

NITROGEN  GROUP 

This  group  is  composed  of  the  elements  :  nitrogen,  phoaphorue,.  arsenic, 
and  antimony. 

Together  with  nitrogen  we  wiU  also  study  the  new  gases  which  have  recently 
been  discovered  in  the  atmosphere,  namely,  argon,  helium,  krypton,  xenon, 
and  neon,  which  are  elements  which  fit  well  into  the  periodic  system  of 
the  elements,  but  which  have  been  little  studied  so  far,  as  no  compounds 
of  them  are  known.  The  elements  of  the  nitrogen  group  follow  the  same  rule 
as  those  of  the  other  groups,  that  is,  their  melting-  and  boiling-points  increase 
with  increase  of  the  atomic  weight,  and  the  matter  of  which  they  are  composed 
becomes  condensed  so  that  they  acquire  a  more  or  less  metallic  aspect  at  the 
same  time.  However,  in  this  group  also,  the  resemblance  is  more  pronounced 
between  arsenic  and  antimony,  whilst  there  are  notable  differences  between 
the  solid  much  more  active  phosphorus,  and  gaseous  nitrogen,  which 
is  more  inert.  All  these  elements  form  hydrogen  compounds  containing 
three  atoms  of  H,  and  whilst  ammonia,  NH3,  has  an  alkaline  reaction,  this 
disappears  in  the  case  of  SbHa. 

The  oxygen  compounds  of  nitrogen  are  strongly  acid,  whilst,  on  the  other 
hand,  those  of  antimony  are  basic. 

NITROGEN:   N,  14.05- 

[IN  FRENCH  AZOTE,  OFTEN  WRITTEN  Az] 

Rutherdorf  in  1772  in  his  studies  on  respiration,  and  Priestley  simultaneously 
on  burning  substances  in  a  closed  bell-jar,  showed  that  when  the  oxygen  of  the 
air  is  exhausted  a  constant  volume  of  inert  gas  remains,  mixed  with  the  carbon 
dioxide  formed  by  combustion  and  respiration.  They  called  this  gas  mephitic 
or  pMogisticaied  air. 

In  1777  Scheele  showed  that  air  is  composed  of  two  gases,  oxygen  and 
nitrogen. 

Nitrogen  is  found  free  in  nature,  in  the  atmosphere,  of  which  it  forms 
about  four-fifths.  It  is  also  found  in  abundance  combined  in  the  form  of 
ammonium  salts  and  nitrates,  and  is  an  essential  and  characteristic  constituent 
of  the  organic  substances  of  the  animal  kingdom,  such  as  albuminoids,  blood, 
muscles,  and  nerves.  It  is  found  less  abundantly  in  the  vegetable  kingdom, 
in  seeds,  &c.,  in  the  form  of  albuminoids,  amino-acids,  &c. 

PROPERTIES.  Nitrogen  is  a  colourless,  odourless  gas  :  1  litre  weighs 
1-2507  grms.,  and  it  has  a  specific  gravity  compared  with  air  of  0*97.  Its  critical 
temperature  is  —146°  and  its  critical  pressure  is  35  atmospheres.  In  the 
liquid  state  it  is  colourless,  boils  at  —194°  at  a  pressure  of  1  atmosphere,  has 
a  specific  gravity  of  0-804  (water  =  l)i  and  solidifies  at  —214°.  At  —252° 
it  has  a  specific  gravity  of  1*0265,  whilst  that  of  solid  oxygen  at  the  same 
temperature  is  1-4256  (Dewar,  1904).  One  litre  of  water  at  10°  dissolves 
16-1  c.c.  of  gaseous  nitrogen. 

Nitrogen  was  believed  to  be  a  chemically  very  indifferent  gas,  incapable 
of   combining  directly   with   any   other  substance.    To-day,   however,   the 
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eonditions  for  obtaining  direct  compounds  of  nitrogen  have  been  found,  and 
they  are  very  numerous  and  important.  Lithium,  for  example,  bums  in  an 
atmosphere  of  nitrogen  at  high  temperatures,  and  so  do  magnesium,  boron, 
and  silicon  forming  nitrides  :  3Mg  +  Ng  =  Mg^^N^.  It  combines  directly  with 
many  metaUic  carbides  (see  below)  and  with  various  other  substances  under  the 
action  of  electricity  or  of  organic  or  inorganic  catalysts.  If  an  electric  spark 
is  passed  through  a  mixture  of  nitrogen  and  oxygen,  or  of  pitrogen  and  hydro- 
gen, a  chemical  reaction  occurs,  and  in  the  first  case  nitrogen  trioxide,  N2O3, 
and  in  the  second  case  ammonia  is  formed.  In  the  atmosphere,  in  which 
nitrogen,  oxygen,  and  water  are  present,  electric  discharges  produce  ammonium 
nitrite  ajid  nitrate. 

Nitrogen  does  not  maintain  combustion,  still  less  the  vitality  of  an  oi^anisnij 
because  it  pla3n3  no  part  in  respiration,  although  it  is  not  poisonous.  In  an 
atmosphere  of  nitrogen  animals  die  slowly,  because  the  oxygen  in  their  lungs 
which  is  necessary  in  order  to  transform  the  blue  venous  blood  into  red  arterial 
blood  is  gradually  diminished. 

PREPARATION.  On  passing  a  current  of  air  over  compounds  which 
absorb  oxygen,  such  as  red-hot  copper,  a  solution  of  cuprous  chloride,  or  an 
alkaline  solution  of  pyrogallol,  or  on  burning  yellow  phosphorus  in  a  bell- jar 
containing  moist  air,  all  the  oxygen  is  absorbed  in  the  form  of  solid  or  liquid 
compounds,  and  free  nitrogen  remains.  Until  the  year  1894  it  was  believed 
that  the  nitrogen  obtained  in  this  way  was  pure,  but  the  numerous  experi- 
ments of  Ramsay  and  Rayleigh  showed  that  it  was  a  mixture  of  nitrogen  with 
about  one  per  cent,  of  argon.  Other  new  elementary  gases  which  had  been  until 
that  time  unknown  were  later  found  in  the  atmosphere.  In  practice  nitrogen 
is  conveniently  prepared  from  a  mixture  of  1  part  of  sodium  nitrite,  1  to  2 
parts  of  ammonium  sulphate,  and  1  part  of  neutral  potassium  chromat^ 
or  a  few  drops  of  ammonia,  in  order  to  fix  the  acids  which  may  be  formed , 
together  with  5  parts  of  water.  The  whole  is  heated  in  a  glass  retort  and 
the  nitrogen  which  is  developed  is  purified  by  passing  it  through  dilute 
sulphuric  acid,  which  retains  the  ammonia,  whilst  traces  of  oxygen  are 
absorbed  by  passing  it  over  red-hot  copper : 

(a)  2N02Na  -f  S04(NH4)2  =  Na^S04  +  2NO2NH4  (ammonium  nitrite). 

(b)  NO2NH4  =  2H2O  +  Ng. 

Pure  nitrogen  is  obtained  by  heatuig  ammonium  bichromate  or  a  mixture 
of  potassium  bichromate  and  ammonium  chloride  in  a  retort.  Another  method 
of  obtaining  nitrogen  consists  in  passing  chlorine  into  a  concentrated  solution 
of  ammonia,  avoiding  an  excess  of  chlorine,  which  would  form  a  highly  explosive 
substance  (nitrogen  chloride). 

2NH3  +  3Cla  =  N2  +  6HC1  (which  forms  NH4CI  with  SQ). 

Pure  nitrogen  is  also  obtained  by  acting  on  urea  with  nitrous  acid  : 

CO(NH2)2  (urea)  +  2HNO2  =  COj  +  2Nj  +  SH^O. 

The  carbon  dioxide  so  formed  is  easily  separated  from  nitrogen  by  passing  the  gas 
through  a  solution  of  sodium  hydroxide.  Many  organic  nitrogen  compounds  (diazo- 
compounds)  also  yield  nitrogen  on  simply  heating,  for  example,  by  heating  diazonaphthalene 
sulphonic  acid  with  alcohol  and  sulphuric  acid.  Certain  micro-organisms  {bacteri  denitri- 
ficanti  studied  by  Wagner,  Burri,  Stutzer,  and  Calmette)  have  the  property  of  transforming 
organic  nitrogen  and  nitric  acid  into  free  nitrogen,  and  this  is  of  great  importance  for 
agriculture,  because  these  bacteria  are  more  especially  nourished  by  the  pentosans  contained 
in  straw  and  destroy  the  nitrogenous  material  of  stable  manure.  Calcium  nitrate  resists 
this  action  better  than  sodium  nitrate.  Cingolani  in  1909  found  two  bacteria  in  calves* 
excrement  called  Bact  porticenais  denitrificans  (a  and  /3) ;  /3  reduces  nitrates  to  nitrites  and  a, 
on  the  other  hand,  does  not  attack  the  nitrates,  but  reduces  the  nitrites  to  free  nitrogen,  and 
sometimes  to  ammonia.  Similar  bacteria  were  found  by  Calmette  in  1904  in  the  bacterial  beds 
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used  in  the  purification  of  sewage  {see  pp.  223-224).  The  denitrifying  bacteria  almost  always 
form  large  amounts  of  nitrous  oxide  NjO  from  the  nitrates  (Bijerinck  and  Minkmann,  1909). 
In  1897  Sewerin  also  described  a  bacterium  pyrocyaneua  and  in  1909  a  Vibrio  denitrificana 
which  were  still  more  active,  and  which  reduce  nitrates  into  nitrites  in  the  same  manner 
as  the  preceding  bacteria.  Their  harmful  action,  and  also  the  strong  heating  of  dung,  are 
prevented  by  sprinkling  it  after  removal  from  the  stable  with  very  dilute  solutions  of 
sulphuric  acid  or  with  a  1  per  cent,  solution  of  fluosilicic  acid,  which  is  obtained  from 
superphosphate  works.  Some  days  before  the  manure  is  spread  over  the  fields  it  is  again 
sprinkled  with  a  dilute  1  per  cent,  solution  of  potassium  carbonate  in  order  to  neutralise 
the  sulphuric  acid.  A  few  litres  of  fresh  stable  drainings  and  of  urine  are  then  added  and  the 
fermentation  is  .thus  immediately  re-started,  so  facilitating  the  decomposition  of  the 
grosser  organic  matter.  The  admixture  of  the  manure  with  acid  superphosphates  or  with 
gypsum  containing  superphosphates,  or  the  use  of  beds  of  peat,  had  previously  been 
proposed. 

Nitrogen  is  prepared  industrially,  for  example,  for  the  manufacture  of 
calcium  oyanamide  {see  below),  by  the  various  processes  which  serve  to  pre- 
pare oxygen  from  liquid  air,  or  also  by  passing  air  through  red-hot  retorts 
filled  with  copper  turnings,  which  retain  the  oxygen  and  leave  the  free  nitrogen. 
Finely  divided  copper  is  obtained  by  soaking  porous  cylinders  or  asbestos 
with  copper  salts,  heating  them,  and  then  reducing  the  oxide  at  a  red  heat. 

ATMOSPHERIC  AIR 

Air  consists  of  about  four-fifths  by  volume  of  nitrogen  and  one -fifth  of  oxygen 
and  contains  small  quantities  of  water  vapour  and  carbon  dioxide,  traces  of 
ozone,  hydrogen  peroxide,  and  ammonium  nitrite,  and  a  very  small  quantity  of 
the  new  gases  discovered  during  the  last  few  years,  argon,  helium,  neon,  &c. 
In  the  lower  strata  of  the  atmosphere  the  most  varied  micro-organisms  abound 
and  cause  putrefaction,  fermentation,  and  many  other  pathological  pheno- 
mena of  great  hygienic  importance.  And  in  the  same  way  as  the  hygiene  of 
water  is  looked  after,  attention  to  the  hygiene  of  the  air  would  not  be  less 
important ;  the  same  reasons  which  oblige  us  to  maintain  water  free  from 
impurity  also  apply  to  the  respiration  of  infected  air,  or  of  close  atmospheres 
in  which  many  people  are  present.  Carbon  dioxide  and  many  other  poisonous 
substances  should  be  eliminated  or  diluted  with  pure  air.  The  sterilisation  of 
air  with  ozone  (10  mgrms.  per  cubic  metre)  has  recently  been  proposed  in 
special  cases  (Labb6,  1906),  by  passing  the  air  through  an  ozonising  ventilator. 

The  atmospheric  pressure,  measured  at  sea  level,  is  balanced  by  a  column 
of  mercury  760  mm.  high  (barometer),  and  since  1  c.c.  of  mercury  weighs 
13-6  grms.  the  pressure  of  the  atmosphere  on  each  square  centimetre  of  surface 
is  1033*5  grms. ;  in  Eastern  Siberia  an  atmospheric  pressure  of  more  than 
800  mm.  of  mercury  is  frequently  observed.  At  0°  and  760  mm.  pressure 
1  litre  of  air  weighs  1*2976  grms.,  that  is,  773  times  less  than  water.  The 
specific  heat  of  air  at  constant  volume  is  0*1684  and  is  0-2375  at  constant 
pressure. 

The  quantitative  composition  of  air  was  first  exactly  determined  by  Gay- 
Lussac  and  Humboldt  in  1801.^ 

They  added  to  a  given  volume  of  air,  contained  in  a  eudiometer,  an  excess 

*■  In  1050  Boyle,  or  rather  his  pupils  Hooke  and  Mayow,  commenced  to  show  experimentally  that  air  is  com- 
posed of  at  least  two  gases,  one  of  which  maintains  combustion  and  life  whilst  the  other  does  not.  In  ancient 
times,  on  the  other  hand,  it  was  believed  that  air  was  a  simple  substance.  These  fundamental  conceptions  of 
Hooke  and  Mayow,  due  to  their  lucid  experiments,  were  afterwards  forgotten  by  chemiiits,  and  for  a  century  later 
the  greatest  confusion  reigned  with  regard  to  the  composition  of  air  and  the  cause  of  the  phenomena  of  combust  ion. 
It  was  at  this  time  that  the  phlogiston  theory  arose  {tee  p.  15). 

Priestley,  Cavendish,  Scheele,  Bayen,  and,  above  all,  Lavoisier,  by  means  o  careful  investigation  and  numerous 
experiments  on  respiration,  combustion,  the  oxidation  of  metals,  &c.,  succeeded  in  fightinc  and  definitely  buryii  \ji 
the  phlogiston  theory  by  determining  the  true  composition  of  air  and  by  showing  that  air  was  actually  composed 
of  two  constituent  gases,  oxygen  and  nitrogen,  which  are  present  in  a  well-defined  and  constant  proportion  (Caven- 
dish). During  the  last  few  years  English  chemists  have  again  studied  the  composition  of  air  by  means  of  very 
delicate  experiments,  and  have  discovered  that  it  contains  new  gases  which  had  formerly  been  considered  ns 
nitrogen  («m  below). 

i  19 
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of  hydrogen,  and  then  passed  an  electric  spark  through  the  mixture.  All 
the  oxygen  combined  with  hydrogen  in  the  proportion  of  1  vol.  of  0  to  2  vols, 
of  H,  and  knowing  that  the  diminution  in  volume  was  due  to  two  parts  of  hydro- 
gen and  one  part  representing  all  the  oxygen  present,  and  knowing  also  the 
initial  volume  of  the  air,  they  deduced  the  exact  volume  of  nitrogen  which 
remained  with  the  excess  of  hydrogen.  This  method  of  fixing  oxygen  by  an 
excess  of  hydrogen  had  already  been  proposed  by  Volta  for  other  purposes. 

Still  more  vigorous  experiments,  based  on  another  method  of  absorbing 
oxygen,  were  carried  out  by  Boussingault  and  Dumas  in  1811.  They  evacuated 
a  large  flask  of  20  litres  capacity,  and  after  having  weighed  it,  they  allowed 
air  which  had  been  dried  and  freed  from  carbon  dioxide  to  enter  through  a 
red-hot  porcelain  tube  fiUed  with  weighed  copper  turnings,  which  combined 
with  the  oxygen.  The  increase  in  weight  of  the  flask  gave  the  amount  of 
atmospheric  nitrogen,  and  the  increase  in  weight  of  the  copper  gave  the  weight 
of  oxygen  which  had  combined  with  it  to  form  oxide.  In  this  way  they  found 
the  composition  by  weight  of  air  per  100  grms.  to  be  23095  grms.  of  oxygen 
and  76-905  grms.  of  nitrogen.  Since  1  litre  of  oxygen  weighs  1'4291  grms. 
and  1  litre  of  atmospheric  nitrogen  weighs  1-2572  grms.,  it  follows  that 
100  litres  of  air  are  composed  of  20-8  litres  of  oxygen  and  79-2  litres  of  nitrogen. 

The  volumetric  examination  may  also  be  made  by  measuring  a  definite 
quantity  of  air  in  a  graduated  glass  tube  and  then  introducing  a  piece  of  phos- 
phorus or  alkaline  pyrogallate  solution,  which  absorb  the  oxygen,  leaving  free 
nitrogen  behind. 

Rigorous  analyses  were  also  conducted  later  by  Regnault  and  Bunsen, 
who  used  the  method  of  Gay-Lussac  and  Humboldt,  and  obtained  the  following 
still  more  exact  results  :  20-95  per  cent,  by  volume  of  oxygen,  and  79-05  per 
cent,  by  volume  of  atmospheric  nitrogen. 

The  chemical  composition  of  air  is  found  to  be  almost  the  same  at  all  points 
of  the  earth  (according  to  the  experiments  of  Kreusler,  Hempel,  Morley, 
Leduc  (1896),  &c.),  and  is  as  follows,  taking  the  argon  into  account : 

Nitrogen    ....     78-06  %  by  volume,  or  76-6  %  by  weight. 
Oxygen      .         .  .21-00  %  „  „         23-2  %       „ 

Argon        ....       0-94  %  „  „  1-3  %       „ 

Air  also  contains  fifteen  parts  per  million  of  neon,  five  parts  per  million  of 
heUum,  and  one  part  per  million  of  hydrogen  (Claude,  1909). 

It  appears,  however,  that  originally  the  atmosphere  must  have  had  another  composi- 
tion :  Phipson  and  Koene  (1894)  believe  that  when  the  terrestrial  nebula  solidified  the 
gaseous  atmosphere  which  remained  at  that  time  only  contained  nitrogen,  steam,  and  carbon 
dioxide  (volcanic),  and  that  oxygen  was  completely  lacking,  otherwise  the  graphite  and 
sulphides  which  were  then  present  in  the  primary  rocks  would  have  been  oxidised.  Under 
these  conditions  the  origin  and  gradual  development  of  vegetable  organisms,  both  simple 
and  complex,  were  perhaps  possible,  because  it  is  known  that  plants  are  anaerobic,  that  is, 
they  can  develop  perfectly  in  an  atmosphere  which  contains  only  nitrogen,  CO,,  and 
water  vapour.  By  means  of  plant  life  the  amount  of  oxygen  in  the  atmosphere  was 
gradually  increased  and  the  amount  of  CO,  gradually  diminished,  because  vegetable 
organisms  absorb  CO,  and  evolve  oxygen.  With  the  extension  of  this  vegetative  process, 
and  in  the  course  of  tens  of  thousands  of  centuries,  the  oxygen  gradually  increased  until 
the  beginning  of  animal  life  and  its  development,  which  is  essentially  aerobic,  was  rendered 
possible.  This  form  of  symbiosis  gradually  developed  until  a  state  of  equilibrium  was 
gradually  attained  between  the  oxygen  emitted  by  plants  but  absorbed  by  animals  and  the 
carbon  dioxide  emitted  by  the  latter  and  absorbed  by  the  former.  The  continuity  of  this 
equilibrium  explains  the  constant  composition  of  the  atmosphere  ;  chemical  and  physio- 
logical processes  which  fix  atmospheric  nitrogen  are  not  able  to  influence  it,  because  these 
are  in  turn  compensated  by  other  phenomena  wliich  liberate  nitrogen  from  various  nitro- 
genous substances  (denitrifying  bacteria,  &c.). 
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Remembering  the  enormous  mass  of  oxygen  and  nitrogen  in  the  atmosphere,  it  is  clear 
tliat  thousands  of  years  would  be  required  in  order  to  cause  any  observable  modification 
in  its  composition,  whilst  the  first  exact  analyses  of  the  atmosphere  were  made  less  than 
a  century  ago.  We  need  not  therefore  fear  the  near  extinction  of  humanity  on  account 
of  lack  of  oxygen,  especially  as  mankind  can  still  live  in  an  atmosphere  containing  15  per 
cent,  of  oxygen  only. 

The  temperature  of  the  atmosphere  at  great  altitudes  is  very  low,  and  at  the  summit 
of  Mont  Blanc  (4800  metres)  it  has  been  calculated  by  Woikoff  and  Angot  to  be  —42**, 
whilst  direct  experiments  made  during  the  last  few  years  by  means  of  experimental  balloons  ^ 
have  shown  that  it  is  ordinarily  —5°  at  a  height  of  3  km.,  - 16°  at  5  km.,  -39°  at  8  km., 
and  about  —  53°  at  14  km.  The  temperature  of  space  in  which  oiur  earth  moves,  outside 
the  atmosphere,  is  certainly  lower  than  — 100"".  Meteorological  changes  are  more  common 
in  the  lower  than  in  the  upper  layers  of  the  atmosphere. 

The  height  of  the  atmosphere  was  first  calculated  by  Laplace,  who  stated  that  at  an 
altitude  6*6  times  that  of  the  terrestrial  radius  the  kinetic  energy  of  the  particles  of  air 
would  overcome  the  power  of  gravitation,  and  that  thus  at  this  point  the  atmosphere  would 
cease,  and  that  above  it  the  particles  would  escape  from  the  earth's  attraction.  The  real 
limit  of  the  atmosphere  appears  to  be  much  lower,  because  on  rarefaction  and  diminution 
of  the  temperature  of  the  air,  the  expansive  force  of  the  gas  much  more  easily  overcomes 
the  action  of  gravity.  I.  C.  Schmidt,  by  supposing  that  the  temperature  diminishes 
regularly  with  increase  of  height,  finds  that  the  limit  of  the  atmosphere  is  58  km.  at  the 
equator  and  43  km.  at  the  poles.  In  1901  Ekholm  found  by  very  exact  calculations 
that  the  atmosphere  should  be  70  km.  high  and  that  its  weight  should  be  about 
521  X  10^3  tons,  that  is,  0-000,000,856  of  the  weight  of  the  earth. 

The  atmospheric  pressure  on  Mont  Blanc  and  also  on  Monte  Rosa  at  4560  metres  is  about 
440  mm.,  and  it  is  found  that  at  a  height  of  14  km.  the  atmospheric  pressure  is  not  more 
than  110  mm.  The  mskximum  height  to  which  men  have  attained  in  balloons  is  10,000 
metres,  and  at  such  altitudes  respiration  has  to  be  aided  with  the  help  of  pure  oxygen  or 
preferably  of  oxygen  mixed  with  carbon  dioxide  (Mosso). 

That  atmospheric  air  is  not  a  chemical  combination  in  spite  of  its  constant 
composition,  but  a  simple  mechanical  mixture,  is  proved  by  the  following 
facts  :  (1)  The  air  which  is  contained  in  solution  in  water  has  a  different 
composition  (35  per  cent,  by  volume  of  oxygen  and  65  per  cent,  of  nitrogen). 
(2)  On  mixing  nitrogen  and  oxygen  in  the  proportion  in  which  they  are 
present  in  air,  there  is  no  evolution  or  absorption  of  heat.  (3)  From  liquid 
air  the  nitrogen  evaporates  before  the  oxygen. 

The  relative  humidity  of  air  is  determined  by  the  hygrometer,  and  the  absolute  humidity 
by  passing  a  given  volume  of  air  through  a  weighed  tube  containing  calcium  chloride  oi 
strong  sulphuric  acid  which  absorbs  the  water. 

In  air  saturated  with  water  vapoiu*  at  25°  22-8  grms.  of  water  vapour  (absolute  humidity) 
are  contained  per  cubic  metre,  and  on  cooling  to  0°  18  grms.  of  this  are  deposited  as  rain. 
Air  ordinarily  contains  only  50  to  70  per  cent,  of  the  amount  which  it  would  contain  if 
saturated  (degrees  of  relative  humidity).^ 

*  An  experimental  balloon  consists  of  a  small  balloon  of  a  few  cubic  metres  capacity  filled  with  hydrogen,  and 
with  a  lifting  power  of  15  to  18  kUo«.  The  load  consists  merely  of  a  light  cano  cage  in  which  automatically  regis- 
tering  instruments  are  placed,  namely,  a  barometer,  »  thermometer,  and  a  hygrometer  made  of  aluminium.  This 
balloon  dilates  when  it  reaches  high  altitudes  and  bursts  at  a  certain  height.  The  cage  then  commences  to  fall  from 
a  great  height  which  may  exceed  15,000  metres.  This  fall  would  be  dangerous  for  the  instruments  if  it  were  not 
suiubly  provided  for.  A  small  balloon  called  the  pilot  balloon  is  fixed  to  the  main  balloon  by  means  of  a  cord 
about  20  metres  long  and  precedes  it  during  the  ascent ;  but,  not  having  sufficient  lifting  force  to  sustain  the 
car,  it  serves  to  retard  the  fall,  and  when  the  whole  arrangement  reaches  the  earth  it  signals  the  position  of  the 
valuable  records  by  remaining  suspended  a  few  metres  above  the  ground.  Whoever  finds  the  balloon  and  the 
cage  finds  sufficient  Indications  in  the  latter  to  enable  him  to  consltjn.tho  whole  to  the  owner,  together  with  a 
promise  of  a  generous  reward.  The  instruments  are  almost  always  returned. 

•  The  hygrometer  would  always  Indicate  100''  for  air  naturated  with  water  vapour,  although  the  temperetnro 
might  be  different. 

In  order  to  regulate  the  quantity  of  moisture  in  living  rooms,  and  especially  in  workshops,  where  cotton- 
spinning,  weaving,  dyeing,  Ac,  is  carried  on,  and  in  hospitals  in  which  invalids  are  exposed  to  special  respiratory 
cures,  it  is  necessary  to  take  into  account  not  only  the  relative  and  absolute  humidity,  but  also  the  temperature 
and  the  humidity  which  is  expelled  by  the  organism  during  respiration.  A  healthy  man  expires  540  litres  of  air 
per  hour  At  37*,  producing  by  means  of  the  oxidisation  which  occurs  in  the  lungs  12-5  grms.  of  water  vapour 
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The  carbon  dioxide  (CO2)  in  the  air  is  detected  by  shaking  it  with  a  clear  solution  of 
bsurium  or  calcium  hydroxide,  which  is  rendered  turbid  by  the  formation  of  insoluble  car- 
bonate. The  CO2  is  quantitatively  determined  in  the  same  manner  as  the  moisture  by 
substituting  potassium  hydroxide  for  the  calcium  chloride  or  H2SO4. 

Ordinarily  10,000  vols,  of  air  contain  3-4  vols,  of  CO2  gas,  or  a  larger  quantity  if  the  air 
is  impure. 

LIQUID  AIR 

PROPERTIES.  Liquid  air  is  a  milky  liquid,  because  it  contains  solid 
carbon  dioxide,  but  if  it  is  filtered  a  perfectly  transparent,  very  mobile  liquid 
is  obtained  of  a  slightly  bluish  colour.  On  standing,  nitrogen  is  first  lost  and 
it  then  becomes  blue  on  account  of  the  excess  of  oxygen.  Li  this  liquid  not 
only  is  mercury  frozen,  but  also  ether  and  alcohol,  although  they  are  very 
difficult  to  solidify. 

Combustible  substances,  for  instance,  a  piece  of  charcoal  or  a  wooden 
match,  when  first  lit  and  then  immersed  in  liquid  air  bum  with  very  great 
intensity. 

Dewar  has  found  that  wood  charcoal  at  the  temperature  of  liquid  air  has 
an  extraordinary  and  surprising  capacity  for  absorbing  and  fixing  gases.  Thus, 
if  a  vacuum  is  made  in  a  Crookes  tube  which  communicates  with  a  receiver 
containing  charcoal,  then  if  a  vacuum  is  made  of  2  to  3  cm.  the  electric  dis- 
charge first  has  the  usual  violet  colour.  If  the  charcoal  is  now  cooled  from 
outside  by  means  of  liquid  air  the  air  remaining  in  the  tube  is  gradually 
absorbed  by  it,  and  we  see  that  the  electric  discharge  assumes  all  the 
colours  which  are  seen  in  a  Geissler  tube  until  the  vacuum  increases  and  we 
obtain  the  beautiful  greenish-yellow  fluorescence,  which  is  due  to  the  impacts 
of  the  electrons  :  when  all  the  central  portion  of  the  cathodic  bundle  is 
fluorescent  we  have  a  true  Crookes  tube  as  used  for  radiography ;  but  the 
vacuum  still  increarses  up  to  ten-millionths  of  an  atmosphere,  and  then  the 
tube  becomes  dark  because  the  current  is  unable  to  traverse  it;. 

Under  the  action  of  liquid  air  india-rubber  becomes  as  brittle  as  glass ;  meat,  eggs,  and 
flowers  become  hard  and  can  be  reduced  to  powder  ;  nickel  steel  at  these  low  temperatures 
becomes  magnetic  ;  the  electric  resistance  of  metals  diminishes  rapidly  and  becomes 
almost  zero  in  liquid  air,  so  that  we  may  obtain  ideal  electric  conductors  without  resistance 
if  the  wires  are  immersed  in  liquid  air,  especially  as  it  is  also  a  perfect  insulator.  The  heat 
of  evaporation  of  a  kilo  of  liquid  air  is  125  cals.  Attempts  have  been  made  to  destroy 
the  germs  of  infectious  diseases  by  means  of  liquid  air,  for  instance,  the  bacilli  of  typhus 

that  is,  1  cu.  metre  of  the  expired  air  contains  23  gniis.  of  water  vapour.  Air  at  37^  Is  saturated  by  43*51  grms. 
of  vapour  (see  Table),  and  thus  the  air  which  is  inspired  from  the  surrounding  atmosphere  should  contain  less 
than  20-51  grms.,  that  is,  43-51-23  grms.  of  vapour  per  cubic  metre,  in  order  to  avoid  the  saturation  of  the  air  in 
the  lungs  themselves  during  respiration.  This  is  the  extreme  limit  of  tolerance,  but  in  order  to  be  able  to  breathe 
well  there  should  not  be  more  than  15  grms.  of  water  vapour  per  cubic  metre  in  the  atmosphere,  which  means  that 
if  in  an  atmosphere  we  have  a  temperature  of  20**  the  hygrometer  should  not  indicate  more  than  87^,  because 
15  grms.  of  vapour  are  87  per  cent,  of  the  vapour  of  saturation  at  20^,  which  is  17-148  grms. ;  if  the  temperature 
of  the  atmosphere  is  30°  the  hygrometer  should  not  indicate  more  than  50  per  cent,  of  saturation,  because  the  Ib^ 
of  vapour  utilised  in  good  respiration  are  50  per  cent,  of  the  vapour  of  saturation  at  30°,  which  is  30*079  grms. 
(see  Table). 

We  give  a  Table  of  the  absolute  humidity  which  indicates  the  number  of  grammes  of  water  vapour  which 
saturate  1  cu.  metre  of  air  at  various  temperatures.  This  is  of  service  in  various  practical  cases,  as  may  be  seco 
from  the  foregoing  examples. 


atO" 

grm 

.  4-869 

at  10" 

grms 

9-357 

at  20"  grms.  17148 

at  30°  grms.  30*079 

„  !•* 

5*209 

..  11* 

>t 

9*962 

„  2V     „      18*174 

„  31°      ,.      31*744 

„  2" 

6-571 

,.  12* 

i> 

10*601 

,.  22° 

„      19-253 

,.  32° 

„      33*490 

..  3° 

5-593 

„  13° 

>i 

11-276 

M  23° 

„     20-887 

„  33° 

„      36*317 

..  4* 

6-360 

..  u* 

ft 

11-988 

..24° 

„     21-579 

„  34° 

„      87-230 

..  5° 

6-791 

„  15« 

»f 

12-739 

„  25° 

„     22-831 

„  35° 

„      39-231 

„  «- 

7-247 

»  !«• 

t» 

13-532 

..  26°      , 

„      24144 

„  36° 

,,      41*323 

„  ?• 

7-781 

.,  ir 

1* 

14-367 

.,  27°      , 

,     25-524 

„  37°      , 

,      43*510 

»8° 

8-234 

»  18"* 

>» 

15-247 

..  28°      , 

,      26-971 

..  38°      . 

,      45*795 

0<* 

8-785 

„  10' 

>i 

16-173 

..  29°      , 

.      28-489 

..  89°      , 

,      48*182 

,.40°      , 

,      60*674 

LIQUIDAIR  298 

and  o(  diphtheria,  bnt  with  negative  resnlts,  beoauM  the  apores  o!  these  miorobeB  regained 
their  actt-rity,  even  ftft«r  being  in  contact  with  liquid  air  for  several  months,  as  soon  as  they 
regained  the  ordinary  temperature. 

On  pouring  liquid  air  directly  on  to  the  dry  akin  no  burns  are  produced,  because  it 
assumes  the  spheroidal  state,  and  that  part  which  evaporates  prevent*  contact  with  the 
skin,  and  one  merely  has  a  sensation  of  a  light  electric  discharge  ;  if,  however,  the  skin  is 
wet  burning  occurs,  but  thisia  only  superficial,  because  the  layer  of  ice  which  is  immediately 
formed  insulates  the  surrounding  parts.  On  then  rubbing  the  skin  with  a  little  wadding 
Booked  in  liquid  air  a  white  spot  ia  first  formed,  but  it  soon  acquires  a  bright  colour,  and  the 
blood  which  was  first  driven  from  the  spot  flows  back  to  it.  On  prolonging  the  refrigeration 
the  pointa  exposed  to  it  become  as  hard  as  ice.  Surgical  operations  performed  after  such 
treatment  have  given  brilliant  results ;  healing  was  very  rapid,  and  there  waa  a  complete 
absence  of  pus. 

By  means  of  the  cold  produced  by  the  evaporation  of  liquid  air,  petroleum,  olcohol, 
and  turpentine  are  eatsily  frozen ;  alcohol  no  longer  bums  under  such  conditions,  but  becomes 
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a  dense  and  finally  amorphous  solid  ;  ether  crystallises  ;  yellow  phosphorus  acquires  a 
crystalline  structure  and  loses  its  property  of  becoming  luminous  in  the  dark.  On  mixing 
liquid  air  with  red  phoaphorus  an  exploaive  mixture  is  obtained. 

In  the  air  liquid  air  produces  fumes  through  the  condensation  of  atmoapheric  moiature. 
Various  reactions  in  organic  and  inorganic  chemistry  arc  caused  or  prevented  by  liquid 

Liquid  air  cannot  be  preserved  in  closed  steel  cylinders  under  prcsnurc  in  the  same  way 
as  liquid  carbon  dioxide,  because  its  critical  temperature  is  at  -  140°,  and  above  this 
point  it  cannot  exist  in  any  other  state  than  as  a  gas,  whatever  the  pressure  may  be,  so 
that  above  this  temperature  no  closed  receptacle  would  be  able  to  resist  the  pressure. 

Liquid  air  is  therefore  used  on  the  spot  or  for  the  production  ofoxygen,  or  it  may  bo  kept 
or  despatehed  in  small  quontitiea  in  open  doublc-wallcd  bottles  in  which  there  is  a  vacuum 
between  the  two  walls,  the  inner  sides  of  which  are  coated  with  silver.  With  these  bottles, 
which  were  devised  by  Dewar  {Fig.  121),  the  heat  rays  from  outside  are  refracted  and  the 
liquid  air  in  such  open  bottles,  containing  two  to  three  litres,  slowly  evaporates  at  the  rate 
of  15  to  30c.o.  per  hour  and  lasts  for  tlircc  to  four  days.  For  experimental  purposes  liquid 
air  is  placed  in  Weinhold  lubes  of  glass  with  triple  walls  (Fig.  122).  In  order  to  transport 
liquid  air  for  long  distances  without  danger  of  breaking  the  flasks  (flasks  to  hold  2  litres 
eoat  from  24t.  to  28*.]  met&Ilia  cages  are  used  (Fig.  120)  in  which  the  flask  which  has  been 
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^evionsly  mapped  in  wool  or  felt  is  placed.  "When  liquid  air  is  poured  from  such  a  bottle 
the  neck  should  be  enveloped  in  a  piece  of  cardboard,  which  is  a  bad  conductor  of  beat, 
and  sharp  fluctuations  of  temperature  which  might  break  the  flask  are  thus  avoided. 

PREPARATION.  (See  also  Liquefaction  of  Permanent  Gases,  p.  29  j  and  of 
Oxygen,  p.  ISl).  The  first  Linde  apparatus  foi  the  hquefaction  of  air  was  introduc<'d 
into  Italy  in  1900  by  the  Society  for  the  Encouragement  of  Arts  and  Manufactures  of  Milan, 
and  was  able  to  produce  one  litre  of  liquid  air  per  hour  (Fig.  123). 

J  This  apparatus  is  provided  with  two  pumps,  e  and  d  ;  the  former  aspirates  the  outer 
air  and  forces  it  into  the  latter  at  a  pressure  of  twenty  atmosphereB,  and  the  latter  then 
comprcBEes  it  to  200  atmospheres  in  a  cylinder,/,  which  separatee  the  water  u*ed^for  the 
lubrication  of  the  pistons  in  the  punip  cylinders.  The  air  is  heated  by  the  compression  and 
is  then  passed  through  a  coil  arranged  in  a  refrigerating  box,  g,  containing  ice_and  salt  ; 

it  then  passes  when  com- 
pressed through  a  triple  con- 
centric coil  of  stout  copper 
(tee  Figure  at  side).  In  the 
lower  portion  of  tlko  central 
coil  there  is  a  valve,  a,  which 
permits  the  compresaed  air 
to  expand  rapidly  to  twenty 
atmospheres ;  it  then  rises 
through  the  second  coil  which 
eurrounds  the  first  one  and 
reaches  the  pump,  d,  through 
the  tube,  p',  in  order  to  be 
again  compressed  and  allowed 
to  expand.  Each  expansion 
I  lowers  the  temperature  con- 
j  siderably  and  the  cool  ex- 
panded ail  which  passes 
through  the  coil  in  a  con- 
trary direction  to  the  air 
which  arrives  acta  as  a 
refrigerator  for  the  latter. 
The  temperature  finally 
reaches  — 189°,  and  then 
Flu.  123.  \     in    expanding   a  large  part 

is  liquefied  and  is  discharged 
through  the  valve,  h,  into  a  double-walled  glass  flask,  r.  The  space  between  the  two  walla 
is  evacuated  because  liquid  air  can  be  so  kept  for  a  long  time,  and  it  may  then  be  poured  into 
other  Dewar  bottles  described  above. 

Linde  calculated  the  efficiency  of  his  liquid  air  machinea  from  the  formula 
of  Joule  and  Thompson  on  the  cooling  of  expanding  gases  ;   this  cooling  is 

equal  to  0-276  {Pi -Pj)  I -™,-):  where  Pi-Pu  indicates  the  diflerence of  pressure 

in  atmosiiheres  before  and  after  expansion  and  T  indicates  the  absolute  initial 
temperature.  According  to  this  formula,  by  starting  at  0"  with  gas  com- 
pressed to  250  atinuspheres,  a  cooling  of  — BD"  should  be  produced  on 
expanding  to  the  oi-dinary  pressure ;  if  the  air  is  originally  at  —141°  ami 
at  250  al  nioaphercs,  a  teinporature  of  —294°  should  be  obtained  on  expansion, 
whilst  by  starting  at  — 1!)4'',  —423''  should  be  obtained  on  expansion. 

Mewcs  in  1901,  Pictet  in  1903,  and  Mix  in  1901  and  1908,  showed  that 
these  results  ai-o  erroneous,  and  that  the  formula  of  Joule  and  ThompMJU 
cannot  be  applied,  because  this  formula  presupposes  that  the  expansion 
occurs  exclusively  at  the  cost  of  the  so-called  internal  energy,  whilst  in  this 
ease,  on  the  controiy,  the  work  performed  is  entirely  external,  as  it  is  exercised  , 
by  the  gas  in  expanding  against  the  atmospheric  pressure,  in  changing,  that  I 

I 


PREPARATION   OF   LIQUID    AIR 


295 


is,  to  a  greater  volume,  and  the  lowering  of  the  temperature  produced  in 
performing  this  work  may  be  calculated  from  simple  ^^bysical  laws  {see  also 
pp.  26  and  40) ;  the  result  so  obtained  coincide  with  practical  experience,  for 
a  gas  which  expands  from  250  atmospheres  up  to  1  atmosphere  would  be 
cooled  as  follows  :  Starting  from  0°  the  temperature  would  descend  to  —61°, 
starting  from  —141°  we  would  reach  -170-5°,  and  starting  from  -194-5°  we 
would  reach  —212°.  The  argument  lasted  for  years,  and  in  1907  Kozic  con- 
firmed Linde's  hypothesis  on  the  internal  work,  admitting,  however,  that  the 
Joule-Thompson  formula  is  not  applicable  to  all  gases,  especially  not  to  air, 
and  must  be  modified.  Claude  still  insists  that  the  cooling  is  also  due  to 
external  work,  more  espe- 
cially in  the  cases  of  gases 
which  are  not  perfect,  and  | 
that  air  under  these  circum- 
stances is  not  a  perfect  gas. 
The  industrial  uses  of 
liquid  air  are  at  present 
only  three  in  number, 
namely,  the  economic  pre- 
paration of  oxygen,  of 
nitrogen,  and  of  explosive 
materials.  The  industrial 
manufacture  of  oxygen  and 
nitrogen  is  to-day  almost  p 
exclusively  carried  out  with  | 
Uquid  air,  using  various 
processes,  of  which  we  will 
illustrate  the  most  im- 
portant, those  of  Linde, 
Pictet,  and  Claude,  because 
these  three  are  at  present  p 
competing  for  predominance  | 
in   this   industry,  which  is  p 
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continually  acquiring  greater  | 
importance    in    Italy    and  | 


other  countries. 


Fia.  124. 


H.  Siemens  in  1857  and 
K  Solvay  in  1884  were  the 
first  to  attempt  to  liquefy  air 
by  means   of   compression  and 

expansion  together  with  the  production  of  external  work.  But  when  very  low  tempera- 
tares  were  reached  (in  the  case  of  Solvay  -  92°)  the  machine  which  was  used  to  produce 
work  by  expansion  of  the  gas  no  longer  worked  at  these  temperatures,  as  no  lubricant  was 
then  known  which  was  able  to  prevent  excessive  friction.  During  recent  years  Claude  has 
found  that  petrolemn  ether  serves  very  well  as  a  lubricant  because  it  does  not  solidify 
until  nearly  —200°,  and  when  the  production  of  liquid  air  is  once  started  this  forms  a 
suitable  lubricant,  although  it  is  not  completely  satisfactory. 

I.  MANUFACTURE  OF  OXYGEN  AND  NITROGEN  BY  THE  LINDE  PROCESS. 
The  linde  patent  of  1889,  which  referred  to  the  liquefaction  of  air  only,  was  followed  by 
the  patent  of  1896  (Ger.  Pat.  12,528)  for  the  fractional  evaporation  of  air  with  the  object 
of  separating  oxygen  and  nitrogen.  In  1902  Linde  took  out  a  new  patent  for  a  rectifying 
apparatus  with  which  oxygen  was  obtained  under  still  more  favourable  conditions.  On 
account  of  a  series  of  objections  by  Pictet,  Levy,  Mix,  and  others,  the  German  patent  w^as 
only  conceded  in  May  1906.  A  more  perfect  type  of  Linde  plant  has  also  been  at  work  in 
Milan  since  1905  and  we  give  a  diagrammatic  illustration  of  it  in  Fig.  124. 

The  air  is  aspirated  from  outside  and  -compressed  in  (i  to   a  pressure  of  about  5 
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atmospheres,  by  which  means  it  is  heated  to  40°  to  50°.  It  then  passes  through  the  serpentine 
coil,  e,  immersed  in  a  refrigerator,  S.  It  is  then  freed  from  CO^  by  passing  through  a  double 
purifier,  B,  filled  with  slaked  lime  which  is  moistened  with  a  little  sodium  hydroxide  solution. 
It  passes  through  a  tube,  C,  into  the  other  portion  of  the  compressor,  d,  where  it  is  compressed 
to  35  atmospheres,  still  in  iron  tubes,  and  since  it  is  thus  heated  to  60°  to  60°  it  is  again 
cooled  with  water  in  the  same  coojer,  8.     It  is  now  compressed  to  180  atmospheres  in  D,  and 

as  it  is  thus  heated  to  60°-70°  it  is  again 


cooled  by  water  in  the  ordinary  cooler,  S ; 
from  here  it  passes  through  the  tube,  E, 
and  through  two  desiccators,  F,  contain- 
ing lumps  of  fused  calcium  chloride  and  is 
then  cooled  to  — 16°  in  (?,  where  there  is  a 
double  concentric  spiral  coil  in  the  interior 
of  which  the  compressed  air  passes  in 
one  direction  and  ammonia  passes  during 
expansion  through  the  outer  tube  in  the 
opposite  direction  ;  this  ammonia  issues 
S9  from  an  ordinary  ice  machine,  H,  to  which 
it  returns  through  the  double  tube,  /, 
tlirough  which  it  is  also  fed  into  O. 

The  air,  compressed  to  180  atmo- 
spheres and  at  a  temperature  of  -16°, 
enters  one  of  the  two  rectifying  columns, 
K,  through  a  distributing  cock,  the  other 
rectifying  coltmm  being  kept  in  reserve. 
The  air  first  enters  through  the  tube,  a 
(Fig.  126),  which  divides  into  a  triple 
serpentine  coil  of  copper,  b,  enclosed  in  a 
large  tube,  c,  which  surrounds  this  spiral 
throughout  the  rectifying  column.  At 
the  base  of  the  triple  serpentine  coil  these 
three  tubes  reimite  to  form  a  single  tube, 
df  which  is  then  bent  into  a  spiral  coil,  e, 
in  the  interior  of  the  sheet-iron  vessel,  F, 
and  continues  its  course  upwards  as  the 
tube,  /,  to  the  valve,  gr,  which  regulates 
the  expansion  of  the  air  from  180  atmo- 
spheres up  to  a  pressiu'e  one-fourth  of  an 
atmosphere  greater  than  the  atmospheric 
pressure  ;  this  valve  is  regulated  by  the 
key,  g.  The  expanded  air  is  coiisiderably 
cooled  and  passes  into  the  small  reser- 
voir, H,  which  is  placed  at  the  top  of  the 
rectifjdng  column,  K ;  from  here  it  then 
passes  through  the  tube,  I,  which  carries 
it  downwards  to  V,  where  it  enters  the 
large   tube,  c,  and  rises  in  a  contrary 
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c,  ana  rises  ma 
direction  to  the  triple  coil  which  it  surrounds  and  which  carries  the  compressed  air.  The 
expanded  air  escapes  above  tlirough  c'  at  - 15°,  i.e,  at  the  temperature  of  the  compressed 
air  which  enters,  and  serves  to  cool  a  part  of  the  coil,  G  (in  the  preceding  Figure),  of  the 
ammonia  refrigerator  ;  it  then  escapes  into  the  atmosphere  at  -  5°  to  -  6°.  The  air  which 
expands  at  the  top  of  the  column  is  thus  continually  cooled  more  and  more  before 
expanding,  and  finally  it  liquefies.  This  occurs  after  the  apparatus  has  worked  for  about 
an  hour,  and  the  liquid  air  collects  in  the  vessel,  H,  which  holds  from  3  to  4 litres.  When 
this  is  full  of  liquid  it  overflows,  and  the  liquid  falls  over  the  numerous  perforated  copper 
pl{^te.s  which  form  the  rectifying  column  and  finally  collects  in  the  large  vessel,  F,  which 
holds  about  30  litres.  It  is  the  nitrogen  which  mainly  evaporates,  and  this  rises  through 
the  column,  and  the  shower  of  liquid  air  which  descends  abstracts  what  little  ox>-gcn 
remains  in  the  ascending  nitrogen,  which  thus  escapes  almost  pure  from  the  tube,  L 
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When  10  or  12  litres  of  liquid  have  occnmnlEited  in  F,  which  is  the  cose  after  work  has 
continued  tor  6  or  7  hours,  the  remaining  liquid  contains  from  96  to  98  per  cent,  of 
pore  oxygen  and  the  normal  working  of  the  apparatus  commences.  Through  the  tube,  m, 
which  dips  into  the  liquid,  oxygen  rises  and  is  gradually  gamfied,  passing  up  one  of  the 
tubes  of  the  triple  Bptral ;  it  escapes  above  at  m',  at  a  temperature  of  about  "  5°,  and  is 
collected  in  a  gasometer  from  which  it  may  be  passed  into  suitable  compressots,  which 
compress  it  in  steel  bombs  to  about  130  atmospheres  pressure.  When  normal  working  has 
set  in  in  the  rectifying  apparatus,  the  pressure  of  the  air  is  no  longer  kept  at  180  atmospheres, 
but  only  at  90. 

In  the  Milan  works  this  original  plant,  which  has  only  half  the  efficiency  of  modem 
plants,  produces,  during  normal  working,  6  metres  of  oxygen  per  hour  ;  about  21  h.p.  are 
used  for  the  liquefaction  of  the  air,  3  h.p.  for  the  ammonia  ice-machine,  and  3  h.p.  for  the 
com preaaors  which  fill  the  bombs.  The  machine  works  day  and  night,  and  there  are  two 
workmen,  one  t«  fill  the  bombs  and  the  other  to  supervise  the  machinery. 

Oxygen  of  95  per  cent,  purity  is  thus  obtained,  and  by  reducing  the  output  by  one- fifth 
the  purity  may  be  increased  to 
99  per  cent     Whilst  12  kw., 
that    is,    16    h.p. -hours,    are 
required  for  the  production  of 

1  cu.   metre   of    oxygen   and 

2  cu.  metres  of  hydrogen  by 
electrical  means,  to  produce 
1  cu.  metre  of  oxygen  with  a 
small  Linde  machine  only 
5  h.p.-hours  are  required.  In 
plants  which  produce  S  cu. 
metres  of  oxygen  per  hour  with 
20  h.p.  the  oxygen  costs  S-8id. 
per  cubic  metre,  excluding 
amortisation  and  patent  righU ; 
in  plants  producing  50  cu. 
metres  with  100  h.p.  it  costs 
l-35d.,  and  in  plants  producing 

500   cu.    metres  per  hour  and  ^.lo.  i^o. 

using  800  h.p.  it  cost«  0-B8d. 

per  cubic  metre.  The  consumption  of  water  for  cooling  is  different  for  the  above-men- 
tioned three  types  of  plant,  and  is  respectively  1,  4,  and  30  cu.  metres  per  hour.  There 
are  to-day  several  works  producing  oxygen  by  the  Linde  process  in  Barmen.  Berlin,  Paris, 
Birmingham,  ajid  Milan.  In  Paris  600  cu.  metres  of  oxygen  are  produced  per  day.  There 
is  a  new  Linde  plant  in  Italy  in  the  calcium  cyanamido  works  at  Piano  d'Orte  which 
also  utilises  all  the  nitn^n  obtained  by  liquefying  3000  cu.  metres  of  air  per  day.  At 
Naples  and  Genoa  new  works  for  the  production  of  oxygen  from  liquid  air  by  the  Linde 
and  Oaudo  processes  have  recently  been  erected. 

II.  PICTET'S  PROCESS.  In  February  1900  and  in  July  1901  PIctet  took  out  patente 
for  the  liquefaction  of  air,  by  emp1o3'ing  various  cooling  liquids  and  then  separating  oxygen 
from  nitrogen  by  heating  the  liquid  air  by  means  of  atmospheric  air  at  a  pressure  below 
twenty  atmospheres  and  near  its  liquefying  point.  Owing  to  the  opposition  of  Linde  and 
others,  the  Pictet  patent  was  only  conceded  in  March  1905  (Ger.  Pat.  1,652.082  T ).  This 
process  diSers  from  Linde 's  process  more  especially  by  the  tact  that  in  the  Pictet  apparatus 
there  is  no  intimate  contact  between  the  heating  mass  (cold  compressed  air)  and  the  liquid 
air,  as  the  two  substances  flow  through  distinct  channels,  one  of  which  surrounds  the 
other,  but  which  do  not  communicate. 

Pictet's  apparatus  is  diagrammatically  illustrated  in  !EHg.  126.  The  air  is  aspirated 
and  compressed  by  the  compressor,  it,  and  passes  through  the  serpentine  coil,  c,  arranged  in 
a  circular  reservoir,  a,  in  which  Pictet's  refrigerating  liquid  (sulphur  dioxide  and  carbon 
dioxide)  circulates  in  a  contrary  direction  through  another  serpentine,  /.  The  vapours  of 
the  refrigerating  liquid  are  collected  again  by  the  compressor,  g,  in  urdc-r  to  be  again  liquefied 
and  repassed  through  the  system.  The  compressed  air  is  thus  cooled  to  -  80°,  and  passes 
into  the  serpentine  coil,  e,  which  is  immersed  in  the  circular  vessel,  b,  which  is  filled  with 
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alcohol,  the  vapours  of  which  are  rapidly  collected  by  the  compressor,  t,  in  order  to  be 
liquefied  and  again  sent  into  circulation.  In  this  way  the  compressed  air  is  cooled  to  -  140° 
and  then  enters  the  spirals,  d,  which  are  surrounded  by  the  vapours  of  liquid  air  which  ia 
contained  in  the  base  of  the  central  reservoir.  The  air  here  liquefies  and  accumulates  at 
the  base  together  with  the  already  liquefied  air.  By  allowing  this  air  to  partially  evaporate 
the  vapours  evolved,  which  mainly  consist  of  nitrogen,  are  made  to  work  a  gas  turbine,  y, 
in  order  to  recover  a  part  of  the  work  by  turning  the  shaft  of  a  dynamo,  r.  The  remaining 
liquid  yields  oxygen. 

III.  CLAUDE'S  PROCESSES.  The  question  whether  nitrogen  or  oxygen  is  first 
liquefied  during  the  liquefaction  of  air  was  much  discussed  by  scientists.  linde  and  Dewar 
stated  that  the  liquefaction  of  the  two  gases  occurred  simultaneously,  and  Pictet  believed 
for  a  long  time  that  the  nitrogen  was  liquefied  before  the  oxygen.  Lesueur  maintained 
the  contrary  opinion,  and  in  1903  G.  Qaude  produced  experimental  proof  that  the  oxygen 
is  first  liquefied,  and  then  the  nitrogen  ;  and  he  also  showed  that  evaporation  occurs  in  the 
reverse  sense  and  that  the  nitrogen  evaporates  before  the  oxygen.  Claude  also  published 
a  curve  showing  the  composition  of  the  vapours  given  off  by  liquid  air  containing  various 
proportions  of  oxygen.     The  upper  curve  starting  from  A  shows  the  composition  of 

liquid  air  from  20-8  per  cent,  of  oxygen 
upwards  (20*8  per  cent,  being  the 
amoimt  present  in  air),  and  the  com- 
position of  the  vapours  formed  from 
such  air  is  given  by  the  lower  curve,  Z), 
which  starts  with  7  per  cent,  of  oxygen. 
As  the  liquid  air  contains  more  and 
more  oxygen  as  indicated  by  the 
curve,  A,  which  goes  up  to  100  per 
cent.,  the  vapours  are  also  correspond- 
ingly richer  in  oxygen  as  indicated  by 
the  curve,  DE,  Vapours  containing 
20-8  per  cent,  of  oxygen  (point  C) 
are  formed  from  liquid  air  containing 
47  per  cent,  of  oxygen ;  in  order  to 
obtain  liquid  oxygen  it  is  therefore  unnecessary  to  liquefy  aU  the  air. 

In  1903  Claude  invented  an  apparatus  for  rectifying  liquid  air  based  on  these  results, 
and  analogous  to  that  of  Lindc,  but  with  this  difference,  that  he  condensed  the  oxygen  and 
the  nitrogen  apart ;  the  former,  when  liquefied,  is  introduced  into  the  rectifying  column  at 
two-thirds  of  its  height  where  it  falls  in  the  form  of  a  spray  as  iu  linde's  case,  whilst  the 
liquid  nitrogen  passes  to  the  top  of  the  column  and  also  falls  as  a  spray  passing  through 
the  vapours  which  rise  and  which  consist  almost  entirely  of  oxygen,  so  that  at  the  bottom 
of  the  column  there  is  p\ire  liquid  oxygen  and  above  there  is  nitrogen  vapour  which  collects 
in  an  almost  p\ire  state.  The  nitrogen  which  escapes  in  other  processes  always  contains 
7  to  8  per  cent,  of  oxygen. 

In  June  1906  Claude  finally  invented  a  new  and  ingenious  modification,  namely,  that  of 
expansion  by  means  of  external  work  based  on  the  principle  that  the  work  performed  by  the 
compressed  gas  is  greater  the  higher  its  temperature,  and  therefore  smaller  the  fxirther 
removed  the  gas  is  from  the  point  of  condensation  or  from  the  state  of  vapour  (in  which 
latter  case  it  no  longer  follows  Boyle's  law),  and  the  nearer  it  is  to  a  perfect  gas.  By 
means  of  his  compound  system  Claude  obtained  a  gradual  expansion  of  compressed  air,  as  is 
seen  in  the  diagram  (Fig.  128),  cooling  it  down  to  - 190°  as  in  the  other  processes,  but  then 
allowing  the  temperature  of  one  part  of  the  partially  expanded  air  to  oscillate  between 
-160°  and  -140°  (critical  temperature  of  air),  and  liquefying  further  air  compressed  to 
40  atmospheres  (critical  pressure)  by  means  of  this.  The  compressed  air  which  enters 
at  31  expands  in  A  until  it  reaches  a  temperature  below  the  critical  point,  for  example, 
-160°,  producing  work  which  is  utilised  in  P  by  means  of  a  turbine  or  other  machine. 
Air  which  is  thus  partially  expanded  then  passes  roimd  the  liquefier,  L,  which  is  fed  with 
compressed  air  at  40  atmospheres  ;  this  liquefies  at  a  temperatiu'o  of  -  140°,  and  may 
be  discharged  through  the  cock,  i?,  whilst  the  air  surrounding  the  liquefier  is  heated  from 
-160°  to  -140°  in  such  a  way  that  it  expands  completely  in  B,  utilising  the  work 
in  P,  and  producing  a  further  cooling  which  causes  the  air  in  L\  compressed  to  40 
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atmospheres,  also  to  liquefy  in  the  same  mamier  as  that  in  L.  The  expanded  air  is  cooled 
to  -140°  and  cools  the  air  in  the  generator,  Jf,  so  that  this  arrives  in  the  expander.  Ay 
at  a  temperatxire  of  -140°.  The  cycle  thus  becomes  continuous,  and  by  means  of  this 
process  Claude  claims  to  have  prepared  0-850  litre  of  liquid  air  per  h.p.-hour.  This 
yield,  however,  refers  to  a  plant  which  utilises  60  to  70  h.p.  over  and  above  the  recovered 
work,  and  assumes  that  the  air  compressors  supply  6  kilos  of  compressed  air  at  40 
atmospheres  per  h.p.-hour  (that  is,  an  efficiency  of  66  per  cent.).  With  other  forms  of 
apparatus  which  produce  spontaneous  liquefaction  of  air  at  the-  ordinary  pressure  and 
therefore  at  - 190°,  the  yield  is  0-2  litre  per  h.p.-hour,  and  for  those  which  liquefy  air 
under  pressure  the  yield  does  not  exceed  0*660  litre.  By  the  combined  system  the 
possibility  is  given  of  lubricating  the  machine  with  petroleum  ether,  which  is  a  much 
better  lubricant  than  liquid  air  itself. 

At  Boulogne-sur-Seine  two  plants  are  working,  one  of  which  produces  700  cu.  metres 
of  oxygen  and  the  other  1000  cu.  metres  daily  of  a  strength  of  96  to  98  per  cent. 

In  1909  Claude  added  0-5  grm. 
of  alcohol  per  cubic  metre  to  the 
air  to  be  liquefied  in  order  to 
enable  it  to  be  more  easily  dried, 
as  the  alcohol  which  condenses 
on  cooling  also  carries  down  with 
it  aU  the  remaining  moisture. 

Mix-Heylandt  has  proposed  a 
process  by  which  it  appears  that 
2  litres  of  liquefied  air  can  be 
produced  per  h.p.-hour. 

Another  application  of 
liquid  air  consists  in  the  pre- 
paration of  oxyliquit,  which  is 
a  powerful  explosive  formed 
by  rapidly  mixing  liquid 
air,  rich  in  oxygen,  with 
powdered  charcoal,  petroleum 
residues,  or  cotton- wool.   The 

mass  is  placed  in  cardboard  capsules  forming  cartridges,  and  these  are  exploded 
by  means  of  an  electric  fuse  and  a  cap  of  mercury  fulminate.  After  a 
quarter  of  an  hour  the  oxyliquit  loses  its  explosive  power  because  the  liquid 
air  partially  evaporates.  Whilst  boring  the  Simplon  tunnel  a  machine  was 
first  used  which  produced  150  kilos  of  liquid  air  daily  for  the  manufacture 
of  oxyliquit,  and  gave  good  results,  but  it  was  abandoned  on  account  of  the 
great  urgency  of  these  boring  operations.  Oxyliquit  has  also  been  used  as  an 
explosive  in  certain  work  at  Powzberg,  in  Upper  Bavaria,  and  for  large  mining 
operations.  It  costs  about  5d.  per  kilo.  In  an  English  colliery  the  explosive 
effect  which  is  produced  by  enclosing  liquid  air  in  an  iron  tube  which  is 
introduced  into  the  coal  seam  has  been  used  by  allowiog  the  temperature  of 
the  whole  mass  of  liquid  air  to  become  higher  than  the  critical  temperature ; 
the  tube  then  explodes  whatever  may  be  the  pressure,  because  the  air  is  gasified 
and  exercises  a  pressure  of  5600  kilos  per  sq.  centimetre,  thus  dislodging  as  much 
as  30  tons  of  cual  by  means  of  the  discharge. 

The  oxygen  obtained  from  liquid  air  has  been  applied  by  the  Rhenania 
Company  of  Aix-la-Chai)elle  for  the  i)reparation  of  chlorine  by  Deacon's 
process. 

Among  the  future  applications  of  liquid  air  one  may  foresee  the  tempering 
of  steel  at  low  temperatures  by  immei*sing  it  whilst  hot  ia  liquid  air,  by  which 
means  it  would  become  very  much  harder. 

The  manufacture  of  liquid  air  may  become  of  immense  importance  if  the 
prophecy  of  Pictet  that   by  this  means  oxygen  will  be  obtained  at  g  tenth 
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of  a  penny  per  cubic  metre  is  realised.  Thus  it  could  then  be  advantageously 
applied  for  lighting  purposes  by  mixing  coal-gas  with  oxygen,  and  producing 
an  extremely  powerful  Auer  light  which,  according  to  Pictet,  would  achieve 
an  annual  economy  of  £2,000,000  in  the  city  of  Paris  alone,  if  applied.  At 
this  price  it  would  be  possible  to  use  oxygen  extensively  for  metallurgical 
purposes,  perhaps  even  in  blast-furnaces  for  the  direct  production  of  wrought 
iron  without  the  necessity  for  Bessemer  converters,  and  in  the  converters 
themselves  the  operation  would  be  rendered  more  perfect  and  more  rapid.  The 
autogenous  welding  of  large  structures  of  wrought  iron,  such  as  bridges,  girders, 
boilers,  &c.,  would  then  become  very  common.  We  will  not  now  speak  of  all 
the  other  industrial  applications,  as  they  have  already  been  discussed  in  the 
chapter  on  Oxygen. 

The  use  of  liquid  air  in  motors  was  also  prophesied  ;  but  it  has  now  been 
shown  that  liquid  air  as  such  is  not  an  economical  source  of  motive  power 
because  from  14  cu.  metres  of  air  by  repeated  compressions  and  expansions 
about  900  grms.  of  liquid  air  are  obtained,  and  this  only  gives  700  litres  of 
gas  on  expansion,  and  (700  x  20  =  14,000),  so  that  the  effect  so  obtained 
is  twenty  times  smaller  than  that  which  would  be  obtained  by  utilising  14  cu. 
metres  of  compressed  air  directly  without  liquefying  it.  On  the  average  liquid 
air  is  capable  of  giving  up  4  per  cent,  of  the  energy  employed  during 
its  liquefaction. 

Neither  can  there  be  any  industrial  importance  in  the  use  of  liquid  air  as  a 
refrigerating  agent,  because  1  kilo  of  liquid  air  produces  the  same  refrigerating 
effect  as  1^  kilos  of  ice,  and  whilst  at  least  100  h.p.  are  required  for  the  pro- 
duction of  60  litres  of  liquid  air,  only  3  h.p.  are  required  for  the  production 
of  75  kilos  of  ice  (the  heat  of  fusion  of  ice  is  79  cals.  per  kilo,  and  1  kilo  of  ice 
costs  less  than  a  tenth  of  a  penny,  whilst  1  kilo  of  liquid  air  costs  at  least  2d.). 
During  gasification  1  kilo  of  liquid  air  is  able  to  cool  about  30  cu.  metres 
of  air  from  20°  to  10°. 

As  a  refrigerating  agent  it  is  only  of  importance  for  laboratory  use  when 
temperatures  very  much  lower  than  100°  below  zero  are  to  be  obtained. 

Liquid  air  is  manufactured  in  France  by  the  Claude  and  Linde  systems, 
in  Germany  by  the  Linde,  Pictet,  and  P.  Heylandt  systems,  in  England  by 
the  Hampson  and  Pictet  systems,  and  in  America  by  the  Linde-Tripler  process. 
In  America  there  are  two  industrial  plants  using  the  Linde  process,  and  one 
using  the  Claude  process,  and  there  are  others  which  are  projected. 


UTILISATION  OF  ATMOSPHERIC  NITROGEN 

One  of  the  problems  which  occupy  the  chemical  and  agricultxiral  world  to-day  is  that  of 
nitrogen.  Agriculture  alone  consumes  76  per  cent,  of  the  two  most  important  sources  of 
nitrogen  compounds  which  nature  and  industry  place  at  the  world's  disposal,  namely, 
nitrate  and  ammonium  sulphate.  The  extraordinary  progress  made  by  agricultiire  during 
the  last  forty  years  is  closely  connected  with  the  growing  consumption  of  artificial  manures 
which  were  first  proposed  by  Liebig  in  order  to  maintain  or  increase  the  fertility  of  the  soil. 

If  agriculture  is  to  tranquilly  retain  its  present  extensive  domains,  then  if  we  consider 
the  source  of  phosphates  and  potassium  salts  necessary  for  the  soil  and  for  the  plants 
we  must  also  speak  of  the  most  important  problem  of  the  restoration  to  the  soil  of  all  the 
nitrogen  which  is  abstracted  from  it  by  the  various  crops  in  order  to  be  transformed 
into  albuminoid  vegetable  matters  used  for  the  feeding  of  animal  organisms,  including  man. 

The  plants  are  not  able  to  obtain  their  nitrogen  directly  from  that  immense  and  inex- 
haustible store,  the  atmosphere,  and  are  not  even  able  to  directly  absorb  nitrogen  from  the 
ammoniacal  compounds  which  are  present  in  the  soil,  as  these  must  first  be  nitrified  before 
assimilation. 

The  largest  source  of  combined  nitrogen  for  agricultural  purposes  was  found  in  the 
important  deposits  of  nitrate  in  Chili,  which  were  discovered  in  1830  and  have  been 
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enormously  utilised  for  agricultural  purposes  since  1860  ;  since  that  time  very  large  quan- 
tities have  been  imported  into  Europe. 

In  1860  Germany  alone  imported  6700  tons ;  in  1880  the  figure  rose  to  66,000  tons,  in 
1900  to  about  550,000  tons,  and  in  1909  to  more  than  665,400  tons.  In  1908  the  whole 
of  Europe  consumed  1,635,000  tons  of  a  value  of  about  £15,000,000 ;  and  Italy  imported 
8500  tons  in  1890,  40,500  in  1900,  43,780  in  1903,  and  60,784  in  1908. 

Although  the  consumption  of  nitrate  was  so  enormous,  it  was  only  recognised  a  few 
years  ago  that  there  was  a  serious  danger  of  the  exhaustion  in  a  short  time  of  the  valuable 
deposits  of  Peru  and  Bolivia.  If  the  consumption  continues  in  its  present  proportions 
there  will  be  no  more  nitrate  in  Chili  after  forty  or  at  most  fifty  years,  and  this  would 
constitute  a  veritable  calamity  not  only  for  agriculture  but  for  the  whole  of  humanity. 

Attention  was  therefore  directed  to  other  sources  of  nitrogen  and  it  was  at  first  thought 
that  the  ammonium  svlphate  obtained  in  the  manufacture  of  lighting  gas  and  metallurgical 
coke,  which  had  almost  the  same  fertilising  power  as  nitrate,  might  supply  the  growing 
needs  of  modem  agriculture.  But,  in  spite  of  the  increasing  world's  production  of  this 
ammonium  salt,  which  rose  from  10,000  tons  in  1860  to  570,000  tons  in  1903  and  900,000 
tons  in  1909,  no  sufficient  quantity  to  satisfy  the  ever -increasing  needs  of  modem  agriculture 
could  be  obtained  {see  chapter  on  Ammonium  Sulphate  in  Part  III  of  this  volume). 

During  the  last  few  years  the  talents  of  numerous  scientists  have  been  directed  to 
research  on  some  new  method  of  utilising  atmospheric  nitrogen  and  these  scientific 
researches  have  led  to  three  new  practical  processes  for  the  fixation  of  this  inert  gas  in  the 
form  of  fertilising  nitrogen  compounds. 


Fio.  129. 

(a)  BIOLOGICAL  PROCESS.  It  is  generally  known  that  plants  do  not  directly 
fix  the  free  nitrogen  in  the  atmosphere,  and  that  even  the  larger  part  of  the  ammoniacal 
compounds  which  are  found  ready  formed  in  the  soil  are  not  directly  absorbed  by  them. 
Before  assimilation  they  have  to  undergo  a  process  of  nitrification  underground.  This 
important  and  beneficent  work  is  carried  on  by  certain  bacteria  which  are  always  present 
in  the  soil.  In  1891  Winogradsky  discovered  and  studied  two  species  of  bacteria,  one  of 
which  oxidises  ammonia  and  ammonium  salts,  transforming  them  into  nitrites,  while  the 
other  oxidises  the  nitrites,  transforming  them  into  nitrates  which  are  directly  assimilable 
by  the  plant.  Only  the  potato  and  certain  plants  which  live  in  acid  soils  assimilate  ammo- 
niacal salts  directly.  In  1853  G.  Ville  had  already  observed  and  maintained,  against  the 
general  opinion,  that  in  the  case  of  certain  plants,  especially  the  leguminosae,  more  nitrogen 
was  present  at  the  end  of  growth  than  had  been  present  in  combination  in  the  soil,  and 
that  therefore  a  portion  of  this  must  have  been  provided  by  the  atmospheric  nitrogen. 
On  account  of  the  hostility  of  Boussingault  and  Dumas  the  work  of  Ville  was  not  seriously 
considered  until  1886  when  Hellriegel  showed  experimentally  that  the  papilionaceous 
leguminossB  were  able  to  fix  considerable  quantities  of  atmospheric  nitrogen  and  that 
this  process  was  especially  active  when  their  roots  showed  numerous  small  nodules  formed 
of  accumulations  of  bacteria  (bacterium  radicicula.  Fig.  129),  which  were  always  found 
more  or  less  abtmdantly  in  the  soil.  These  nodules  were  not  formed  in  sterilised  soil  and 
the  growing  plant  was  then  stunted  and  remained  dwarfed. 

This  is  thus  a  case  of  true  symbiosis :  the  vegetable  lives  and  prospers  through  the 
vitality  of  these  bacteria.  Hellriegel  and  Wilfart  in  1891  and  also  Breal,  Schlosing, 
Laurent,  &c.,  confirmed  this  important  function  of  these  bacteria  which  fix  atmospheric 
nitrogen.  This  nitrogen  is  elaborated  by  these  organisms  and  is  formed  into  other 
compoundfl  which  are  easily  assimilated  by  the  roots  of  the  plants. 
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For  more  than  two  thousand  years  it  had  been  noticed  that  the  fertility  of  the  soil 
could  be  increased  by  the  repeated  cultivation  of  Icguminosae  on  the  same  portion  of 
ground,  but  the  cause  of  this  phenomenon  has  only  now  been  explained.  The  two  most 
closely  studied  species  of  the  azotophagic  bacteria  or  azolo  hacleria  are  Clostridium 
Pasteurianvm  of  Winogradsky  and  the  azobacterium  of  Beyerink  ;  during  the  last  few 
years  several  other  species  have  been  described,  and  it  appears  from  these  that  they  arc 
not  true  bacteria,  but  parallel  and  more  or  less  colourless  forms  of  cyanofieia,^ 

In  1894  the  firm  of  Meister  Lucius  und  Briining  of  Hochst  near  Frankfort,  after  work 
and  experiments  expressly  conducted  by  Professor  Nobbe,  placed  on  the  market  nitraginf, 
which  is  a  pure  culture  of  these  useful  bacteria,  and  when  spread  over  the  soil  renders  the 
ordinary  fixation  of  nitrogen  more  active.  It  was  calculated  that  in  a  million  hectares  of 
good  soil  the  bacteria  naturally  present  annually  assimilated  as  much  nitrogen  from  the 
atmosphere  as  would  be  worth  £3,200,000  and  that  by  the  addition  of  pure  cultures  of 
nitrifying  bacteria  these  soils  should  be  able  to  fix  at  least  a  quarter  more  nitrogen,  showing 
a  gain  of  more  than  £800,000. 

Favourable  results  were,  however,  not  obtained  on  all  soils  by  the  use  of  nitragine,  and 
the  bacteria  often  succumbed  in  the  struggle  for  existence  compared  with  the  numerous 
other  harmful  bacteria  which  were  already  present  in  the  soil.  Sometimes,  therefore, 
nitragine  was  employed  with  bad  eflFects  by  the  farmers  themselves,  and  then  its  failure 
was  complete. 

For  these  reasons  Moore,  in  America,  prepared  more  powerful  cultures  of  these  bacteria 
by  cultivating  them  on  slices  of  potato  instead  of  in  broth,  and  then  drying  the  cultures 
on  cotton-wool.  Professor  Remy,  in  1907,  has  shown,  however,  that  this  drjed  American 
nitragine  loses  its  activity,  whilst  that  preserved  in  agar  or  in  dry  gelatine  according 
to  Hiltner*s  method  has  been  shown  to  be  more  eflFective  for  the  formation  of  leguminous 
nodules  in  the  plants.' 

Of  98  experiments  made  with  nitragine  in  Bavaria  in  1903,  81  gave  markedly 
favourable  results,  9  were  uncertain,  and  8  were  negative.  In  Italy  Moore's  cultures 
did  not  give  very  favourable  results,  although  in  the  case  of  French  bean  cultivation  they 
produced  a  marked  improvement.  Experiments  made  by  Stoklasa  in  1908-1909  by 
inoculating  azobacteri  in  cultivated  soil  planted  with  oats,  beetroot,  and  potatoes  gave 
good  results  in  regard  to  quantity  and  quality  produced.  If  much  calcium  carbonate 
is  present  in  the  soil  the  azobacteri  give  advantageous  results  even  with  non-leguminous 
plants. 

Other  bacteria,  called  nitrifying  bacteria,  have  also  been  discovered  in  the  soil  ;  these 
have  the  property  of  first  transforming  nitrogenous  organic  compounds  (albuminoids)  into 
ammoniacal  compounds,  and  these  are  then  nitrified  by  various  other  bacteria.  In  the 
soil  the  process  of  bacterial  nitration  does  not  commence  before  all  the  ammonia  and 
carbonate  of  ammonia  have  been  transformed  into  nitrites  ;  the  other  ammoniacal  salts,  on 
the  other  hand,  do  not  harm  the  bacteria  which  are  sometimes  able  to  transform  these 
directly  into  nitrates  {see  Biological  Purification  of  Sewage  on  p.  224). 

The  nitrifying  bacteria  need  plenty  of  air  and  abundant  oxygen  in  the  soil  and  it  appears 
therefore  advantageous  to  add  oxidising  substances  to  the  soil  such  as  manganese  dioxide  ; 
this  has  been  recently  tried  in  the  Agricultural  School  of  the  University  of  Tokio,  and  as  is 
shown  by  the  experiments  of  Professor  Giglioli,  the  results  were  generally  f avoiurable  although 
not  yet  decisive.     He  proposes  the  addition  of  300  to  400  kilos  of  manganese  dioxide  per 

*  LohniB  and  Westermann  in  1908  proposed  that  these  bacteria  should  be  divided  Into  four  groups :  (1)  Azoto- 
bader  chroocoecum,  chaiacteriscd  by  the  blackish-brown  colour  of  its  agglomerates  when  in  thick  layers.  (2)  Amto- 
bacter  Beijerinchii,  which  when  present  in  the  form  of  sarccni  has  a  yellow  colour.  (8)  AzotobaeUr  agiU^  which 
Is  very  mobile  and  fluorescent.  (4)  Azotobacter  vitreum,  which  is  immobile,  of  globular  form,  and  accumulates 
In  transparent  mucilaginous  layers. 

"  Professor  Bottomley,  of  London,  gives  the  following  instructions  for  the  inoculation  of  soil  or  seeds  with 
nitragine,  which  comes  on  to  the  market  in  small  boxe«  containing  two  or  three  packets :  the  packets  containing 
the  nutrient  salts  are  dissolved  in  a  tub  in  4  to  5  litres  of  cold  but  previously  boiled  water.  The  i>acket  con- 
taining the  nitragine  culture  is  then  added  ;  the  tub  is  covered  with  a  cloth  and  allowed  to  stand  in  a  tepid  place 
at  24°  to  27"  for  twenty-four  to  thirty-six  hours.  When  the  liquid  has  become  milky  this  is  a  sign  that  the  bacteria 
have  developed  and  multiplied  well.  The  seeds  arc  then  moistened  with  this  liquid  and  are  allowed  to  dry  in  the 
shade  for  some  weeks  before  thoy  arc  bown  '  the  liquid  which  remains  after  forty-eight  hours  is  no  longer  service- 
able, while  the  seeds  may  be  sown  even  after  eight  or  ten  days.  In  Ireland  surprising  effects  were  obtained  on 
many  sterile  soils.  In  general,  however,  the  best  results  have  been  obtained  in  soils  which  are  not  acid  or  in  which 
the  acidity  has  been  corrected  with  lime,  and  also  in  soils  which  contain  plenty  of  phosphates  and  of  potash. 

Hutchinson  (International  Chemical  Congress  in  London,  1909)  obtained  good  results  with  cultures  of  aioto- 
bacterl  even  with  non-l^uminous  plants  such  as  tomatoes 
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hectare,  this  being  added  in  such  a  manner  that  it  penetrates  somewhat  deeply  into  the 
soil.  Experiments  made  in  France  in  1907  with  from  10  to  50  kilos  of  manganous  sulphate 
per  hectare  planted  with  beetroot  and  potat<oes  showed  hardly  any  advantage. 

(h)  ELECTRIC  PROCESS.  The  nitrogen  problem  is  to-day  rapidly  approaching  a 
practical  solution,  because  the  valuable  work  already  contributed  in  this  direction  by 
well-known  scientists  during  the  last  few  years  has  encouraged  many  others  to  also  endeavour 
to  solve  the  question. 

Once  again  the  happy  union  of  chemistry  and  electricity  has  brought  forth  valuable 
fruit.  The  solution  of  certain  great  problems  requires  the  contribution  of  several  factors 
and  one  of  the  most  important  of  these,  historically  speaking,  is  the  time  factor ;  a  problem 
once  propounded  rarely  finds  a  rational  solution  without  passing  through  stages. 

In  1781  Cavendish  showed  experimentally  that  on  burning  hydrogen  in  the  air,  the  water 
which  resulted  contained  nitric  acid,  and  in  1786  he  showed  that  on  rapidly  passing  electric 
sparks  through  a  vessel  containing  air  and  an  excess  of  oxygen  all  the  nitrogen  of  the  ait 
combines  with  the  oxygen.  In  1798  Odier  obtained  nitric  acid  by  strongly  heating  oxygen 
and  then  mixing  it  with  air. 

Nothing  was  done  during  this  epoch  in  connection  with  combined  nitrogen.  It  was 
necessary  for  Liebig  in  1840  to  show  that  one  of  the  principal  factors  of  the  fertility  of  the 
soil  was  the  presence  of  nitrates  before  this  question  acquired  any  importance.  But  it  was 
so  easy  to  procure  nitrates  from  the  important  Peruvian  deposits  that  the  synthetic  pro- 
duction of  them  from  atmospheric  nitrogen  was  not  thought  of,  and  also  it  was  necessary 
that  electrotechnology  should  progress  much  fiu'ther  before  any  in$lustrial  application 
of  Cavendish's  discovery  could  be  considered.  It  was  only  when,  towards  the  year  1900, 
it  was  proved  with  certainty  that  the  nitrate  deposits  were  rapidly  becoming  exhausted, 
thus  threatening  a  fatal  blow  at  all  our  flourishing  agriculture,  that  methods  of  utilising 
a  portion  of  the  400  trillion  tons  of  nitrogen  contained  in  the  atmosphere  were  seriously 
studied.  Electrotechnology  has  to-day  made  enormous  strides.  The  natural  forces  of 
waterfalls  furnish  a  large  quantity  of  cheap  energy,  and  thus  the  factors  came  together  after 
more  than  a  century  which  caused  attempts  to  be  made  to  translate  the  forgotten  experi-. 
ments  of  Cavendish  into  practice.  In  these  attempts  nitrogen  oxides  and  nitric  acid 
were  obtained  by  burning  the  nitrogen  of  the  air  at  very  high  temperatures  obtained  by 
means  of  the  hydrogen  flame  or  by  the  electric  discharge. 

In  1892  W.  Crookes  had  already  shown  that  nitrogen  hwrua  in  the  electric  arc  in  presence 
of  oxygen,  and  he  foresaw  the  industrial  manufacture  of  nitric  acid  from  atmospheric 
nitrogen. 

The  first  important  attempts  to  bring  this  new  industry  into  being  were  made  in  1896 
by  the  electrotechnical  firm  of  Siemens  and  Halske  of  Berlin  (Ger.  Pat.  85,103)  by  sub- 
mitting a  mixture  of  100  vols,  of  dry  air  and  1  vol.  of  dry  ammonia  to  the  dark  electric 
discharge ;  solid  ammonium  nitrate  was  thus  obtained  and  deposited  on  the  walls^'of  the 
containing  vessel,  but  the  process  did  not  acqtdre  any  industrial  importance. 

The  work  of  Nemst  and  the  careful  experiments  of  Muthman  Hofer  and  Lepel  caused 
further  progress  to  be  made  in  the  solution  of  this  difficult  problem. 

In  1902  the  Atmospheric  Products  Company,  with  a  capital  of  £200,000,  erected  a 
fairly  important  plant  for  the  utilisation  of  one  portion  of  the  power  from  the  fainous 
Niagara  Falls,  by  applying  a  patent  of  Bradley  and  Lovejoy.  In  1903,  however,  the  works 
were  suspended  because  the  yields  were  too  low,  and  the  plant  was  still  too  costly,  delicate, 
and  imperfect.^ 

Negative  results  were  also  obtained  by  the  process  of  Kowalski,  which  was  tried  in  1904 
in  a  large  works. 

It  is  necessary  to  remember  the  temperatures  of  formation  and  decomposition  of 
nitric  oxide  because  it  is  an  endothermic  product  which  is  only  formed  at  very  high 
temperatures,  but  is  also  decomposed  at  high  temperatures  ;  in  fact  the  equilibrium 
Ng  +  02::::^  2N0,  only  gives  1  per  cent,  of  NO  at  2200°  ;  2  per  cent,  at  2570°  ;  3  per 
cent,  at  2854°  ;  and  at  3327°  5  per  cent,  is  not  dissociated.  It  is  only  at  temperatures 
below  1200°  that  NO  no  longer  dissociates  ;  for  this  reason  Helbig  at  Rome  in  1903  passed 

^  The  appatatUB  used  at  Niagara  consisted  of  an  iron  cylinder  1}  metres  high  and  1-25  metres  in  diameter.   A 
vertical  steel  shaft  revolved  in  this  and  carried  23  superposed  groups  each  of  six  arms,  eacli  of  which  formed 
a4  many  electrodes,  to  each  of  which  again  an  electrode  fixed  on  the  internal  wall  of  the  cylinder  corresponded. 
Thus  4146  small  electric  arcs  were  made  and  broken  every  minute.   This  delicate  and  costly  apparatus,  however 
ve  a  very  small  yield,  not  more  than  430  kilos  of  nitric  aoid  per  kilowatt-year. 
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the   electric  discharge  through  liquid  air  at  a  temperature  of    -190°,    and    obtainfd 
considerable  quantities  of  unaltered  nitrogen  oxidea  (solid  NeOj). 

But  the  real  and  reliable  industrial  application  was  started  by  Dr.  Birkeland  o! 
Chriatiania,  aided  in  hiaexpcriraonlB  by  the  young  engineer  Eyde  (1903).  When  the  electric 
arc  from  an  alternating  c\irrent  of  high  tension  (5000  volts)  is  suitably  influenced  by  strong 
magneto  it  aaaumes  the  form  of  alarge  disc  which  in  suitable  furnaces  may  acquire  a  diameter 
of  2  melres.  This  discovery  of  Birkeland  was  immediateiy  applied  practically,  and  after 
numerous  experiments  on  an  enormous  scale  aworksoommenoedoperationainMay  1905at 
Notodden  in  the  Hittercr  region  of  Norway,  which  produced  a  quantity  of  nitrates  corre- 
sponding to  1500  kilos  of  pure  nitric  acid  daily  by  the  Birkdand-Eyde  process.  The  mean 
yield  during  five  months  of  uninterrupted  work  was  550  to  600  kilos  of  pure  nitric  acid  per 
kilowatt -year.  The  theoretical  yield  of  the  electric  fumaccB  would  be  135  grms.  of  HKOj 
■  .  per  kilowatt-hour  or  950  kilos  per  kilowatt- 

year.  There  is  every  indication  that  the  yield 
may  be  still  further  increased  and  that  further 
improvements  may  be  introduced  into  the 
process,  as  a  considerable  portion  of  the 
energy  employed  is  stiU  lost  in  the  formation 
of  heat,  of  which  30  per  cent,  is  used  for  the 
concentration  of  the  calcium  nitrate  solutions, 
40  per  cent,  for  heating  the  steam  boilers,  10 
per  cent,  for  pre-heating  the  air  which  enters 
the  furnaces,  and  17  per  cent,  is  lost  through 
radiation.  Both  horizontal  and  vertical  fur- 
naces were  tried  {ste  Fig.  130).  It  has  non- 
been  shown  that  the  VMtical  are  better  thMi 
the  horizontal  furnaces.  The  electrodes  are 
made  of  copper  and  are  hollow  so  that  they 
may  be  kept  cold  by  means  of  a  current  of 
water,  thus  avoiding  the  extensive  breakages 
which  easily  occur  with  ordinary  electrodes. 

The  gases  which  pass  out  from  these  elec- 
tric furnaces  are  very  hot  and  contain  1  to 
1^  per  cent,  of  nitric  oxide  (NO).  In  order 
that  the  oxide  may  not  be  decomposed  it  is 
necessary  to  cool  the  gas  rapidly  ;  and  therc- 
pjQ,  130,  fore  these  gases  are  used  to  heat  the  steam 

boilers  and  to  concentrate  the  nltrat«  solu- 
tions which  arc  produced  in  the  works.  During  this  phase  the  nitric  oxide  below  600°  and 
in  contact  with  excess  of  atmospheric  oxygen  is  transformed  into  the  dioxide  NOt,  and 
then  the  current  of  gas  passes  through  granite  towers  from  the  top  of  which  a  spray  of 
water  falls  which  transforms  the  nitrogen  dioxide  partly  into  soluble  nitric  acid  and  partly 
into  nitric  oxide  which  in  turn  coinhines  with  the  oxygen  of  the  air  forming  dioxide  which 
is  then  absorbed  in  other  towers  and  so  on.  The  dilute  aqueous  solution  of  nitric  acid  is 
repeatedly  pumped  to  the  top  of  the  towers  until  60  per  cent,  of  nitric  acid  is  obtained 
which  is  transformed  by  means  of  lime  and  marble  into  calcium  nitrate  and  is  then 
evaporated. 

Ordinary  calcium  nitrate  is  not  suitable  for  agricultural  purposes  because  it  is  deli- 
quescent, but  it  has  been  found  that  basic  caktum  nitrate  remains  dry  and  may  be  converts 
into  a  powder  suitable  for  spreading  over  the  ground.  In  soils  which  are  somewhat  acid 
through  the  presence  of  carbon  dioxide  it  forms  calcium  carbonate  and  normal  calcium 
nitrate  which  is  deliquescent,  thus  soon  reaching  the  roots  of  the  plants.  The  calcium 
nitrate  so  prepared  always  contains  a  little  calcium  nitrite,  which  is  by  some  considered 
harmful  to  germination,  whilst,  on  the  other  hand,  it  appears  not  to  be  harmful  if  dis- 
tributed over  the  seed  when  this  is  already  somewhat  developed. 

Calcium  nitrate  has  the  advantage  over  Chili  saltpetre  that  it  does  not  contain  per- 
ohiorates,  that  sodium  salts  do  not  accumulate  to  any  extent  in  the  soil,  tuid  that  it  has  an 
advantageous  effect  on  soils  which  show  a  deficiency  of  lime.  On  the  Other  hand,  it  is  lesa 
well  assimilated  by  plants  than  sodium  nitrate. 


BIRKELAND-EYDE    PROCESS  805 

Calcium  nitratu  containing  13  per  cent,  of  nitrogen  now  coeta  £4  Ss.  per  ton,  whilst 
Boditun  nitrate  containing  15-5  per  cent,  of  nitrogen  coBts  from  £S  16«.  to  £10  Ss.  per  ton. 

In  1905  the  Franco -Norwegian  Company  was  formed  at  ChriBtiania  witii  a  capital  of 
£280,000,  in  order  to  immediately  ntilise  r  waterfall  of  40,000  h.p.  in  Telemarken,  Norway, 
by  the  Birkeland-Eyde  process,  for  tlie  manufacture  of  nilric  acid,  nitrates,  and  aikali 
nitrilet.  TheBe  latter  can  be  obtained  in  abundance  if  the  gas  from  the  electric  furnaces 
ia  abaortied  by  much  cold  water,  wluiat  they  are  scarcely  formed  at  all  if  the  water  is  warmer. 
At  Notodden  in  1909  36  electric  furnaces  were  working.  These  are  constructed  of  caet 
steel  and  iron,  lined  with  refractory  bricks  in  such  a  manner  that  a  chamber  of  circular 
section  is  formed  into  which  the  electrodes  are  introduced  (Fig.  131). 

The  electrodes  have  to  be  changed  every  three  or  four  weeks  and  the  fireproof  lining  of 
the  furnace  every  four  or  sis  months.  The  temperature  of  the  Same  of  the  arc  is  about 
3500°.     The  products  of  reaction  escape  from  the  furnace  at  a  temperature  of  800°  to  1000", 


and  they  pass  through  two  conduits  of  2  metres  dlamel«r  to  the  four  boilers  where  their 
high  temperature  is  utilised  for  the  pruducfion  of  steam  which  is  used  to  concentrate  the 
liquids  which  are  £nal]y  obtained. 

The  gases  then  pass  through  a  large  number  of  aluminium  tubes  which  are  cooled  by  a 
current  of  water  into  cylinders  of  wrought  iron  lined  with  acid-proof  bricks,  where  the 
oxidisation  of  the  nitric  acid  is  completed.     They  then  pass  to  the  absorption  towers. 

The  first  series  of  towers  is  built  of  granite  and  they  are  supplied  with  water  ;  the  other 
toners  are  of  wood  and  supplied  with  a  solution  of  soda.  The  gas  passes  from  the  furnaces 
to  the  towers  through  the  action  of  an  aluminium  fun  ;  the  absorbingliquid  circulates  in  the 
granite  towers  until  it  finally  contains  36  per  cent,  of  nitric  acid  by  Tolume.  It  is  then  run 
into  granite  cisterns  and  finally  into  granite  channels  containing  limestone.  I'he  solution 
of  calcium  nitrate  which  is  thus  obtained  is  concentrated  in  racuo  and  then  poured  into 
iron  drums  or  into  shallow  iron  pans  ,-  the  solution  of  sodium  nitrate  which  is  formed  in 
the  wooden  towers  is  concentrated  in  a  similar  manner  and  allowed  to  crystallise. 

In  1S09  about  40,000  h.p.  were  used  at  Notodden  and  13,000  tons  of  calcium  nitrate  were 
produced. 

The  Birkeland  process  is  already  able  to  conipetc  with  Chili  saltpetre  to-day  because 
the  hydraulic  power  utilised  in  Norway  enables  an  electric  horse- power  .year  to  be 
obtained  at  a  price  of  12j>.  only.    It  would  not,  therefore,  be  applicable  in  any  other 
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country  with  the  actual  yield  which  ie  obttuned,  because  slBewhere  electrical  eaergy  ia 
much  dearer. 

With  the  yield  which  is  obtained  to-day  all  the  waterfalls  in  Europe  would  not  suffioe 
lo  completely  replace  Chili  saltpetre  by  artifioial  calcium  nitrate,  and,  however  much  the 
Birkeland  process  may  be  improved,  it  would  with  difficulty  suffice  by  itself  if  no  other 
nitrate  were  obtainable  to  satisfy  the  needs  of  agriculture.  A  proposal  has 
recently  been  made  to  ntiltse  the  dilute  nitric  acid  which  is  lirst  obtained 
by  treating  phosphorite  directly  with  it  in  order  to  avoid  the  expense)^ 
conoentration.  In  this  way  a  superphosphate  containing  a  large  percen- 
tage of  nitrates  would  be  obtained. 

Meanwhile,  however,  the  bold  initiative  caused  further  progress,  and 
new  processes  arose  which  allow  one  to  foresee  a  great  development  of 
this  marvellous  industry  of  the  combustion  of  atmospheric  nitrogen  in 
the  near  future.     Haber   and  Konig  found  that  on   using  rarefied  air 
and  an  excess  of  oxygen  the  action  of  the  electric  arc  leads  to  a  con- 
centration of  14  per  cent,  of  nitric  ilxide  and  therefore  it  would  appear 
easy  to  apply  this  process  practically  on  an  industrial  scale.     A  large 
works  ia  already  in  construction  at  Christiansand  in  southern  Norway 
to  apply  the  new  electrical  process  of  the  Badische   Anilin  und  Soda- 
fabrik  of  Ludwigshafen,  patented  in  1906  (Gor.  Pats.  201,279 ;    204,997 ; 
and  212,051);    these   patents  are   based   on   the   work   carried  out    by 
Brunck  since   1890  and   completed  in  the  works  at  Ludwigshafen  by 
Schonbein   and    Hossberger,   who   obtained    industrial 
yields  equal,  and   perhaps  superior,  to  those  of  Birke- 
land and   Eyde.     In   a  long  vertical    irou    J,ube    open 
above,  which  acts  as  an  electrode,  an  electric  arc  is 
made  to   pass  by  approaching  another   insulated  elec- 
trode  to  within  a  few  millimetres   of  the  base.     It   a 
current  of  air  is  now  passed  into  the  lower  part  of  the 
tube   in   a   tangential    direction    (Fig.    132)   in    such   a 
manner  that  a  spiral  air  current  is  produced,  the  flame 
of    the   arc    increases    in    length,   following    the    air 
current,  and   finally  tills   the   whole   of   the   tube    and 
becomes  strongly  luminous  especially  along   the  axis 
(Fig.   133) ;    at   the  top  of  the  tube  a  collecting   tube 
carries  off  the   air  which  contains  up  to  2  per  cent. 
of   nitric   acid.      The    tube    may   also    be    constructed 
of   non-conducting   material,   and   then   the  continuous 
arc   is   started    by    placing    a   metallic    spiral    inside 
it 

Nitric  oxide  is  formed  in  the  arc  especially  along 
Fio.  132.  the  axis  and  is  gradually  ropeUed  from  the  centre.  Fio.  133. 
to  the  circumference  where  the  colder  air  prevents  its 
decomposition ;  the  upper  part  of  the  tube  is  cooled  outside  by  means  of  water. 
A  small  industrial  trial  plant  with  these  tube-furnaces  was  constructed  at  Christiansand 
in  1907  with  furnaces  of  600  h.p.  and  also  of  1000  h.p.  and  a  current  of  4200  volts.  Long 
luminous  arcs  up  to  7  metres  in  length  were  obtained  with  an  air  current  of  1100  cu. 
metres  per  hour.  The  wr  entered  below  through  adjustable  openings  by  means  of  which 
the  length  of  the  arcs  could  be  controlled.  The  lower  electrode  is  hollow  and  made  of  iron 
and  can  be  cooled  internally  with  a  current  of  water.  The  hot  gases  which  escape  from 
the  furnaces  pass  into  an  annular  tube  in  the  interior  of  which  a  current  of  cold  air  passes 
in  the  opposite  direction  and  is  thus  preheated  before  passing  into  the  furnace,  whilst  tint 
hot  gases  are  cooled  by  it.  The  nitric  oxide  mixed  with  air,  when  cooled  below  600°, 
commences  to  react  with  the  oxygen,  being  slowly  transformed  into  the  dioxide  NOi,  and 
the  gaseous  mass  then  assumes  a  brown  colour.  Tlie  nitrogen  dioxide  is  in  turn  transformed 
in  contact  with  cold  water  into  nitric  acid  to  the  extent  of  two-thirds  of  its  weight,  whilst 
th<'  other  third  regenerates  nitric  oxide  according  to  the  following  equation  : 

3N0ii  +  HjO  =  2N0sH  +  NO  ; 
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this  t»tt«r  is  sgEun  tranaformed  into  dioxide  by  the  exoeaa  of  air  and  bo  on.    Bj  repeatedly 
utiliaiiig  the  same  water  a  solution  of  nitric  acid  of  40  per  cent,  atrength  is  obtained. 

The  tnnsftwiiiatioa  of  the  NO  into  NO^  dccuth  in  large  lead  chambers,  and  the  nitrio 
acid  is  ftwmed  in  gtanit«  towers  filled  with  lumps  of  quarti  in  order  to  subdivide  and 
intimately  mii  the  water  which  falls  from  above  and  the  gas  which  enters  below  ;  the 
gaeee  which  escape  from  the  first  towers  are  washed  with  milk  of  lime  in  other  towers. 

The  solution  of  nitric  acid  is  then  treated  with  lime  and  concentrated  in  vaevo  in 
multiple  eSect  evaporators  ;  it  is  finally  heated  in  furnaces,  and  basic  calcium  nitrat« 
containing  13  per  cent,  of  nitrogen  is  thus  obtsJned. 

In  1909  Sehlosing  proposed  to  avoid  the  intermediate  preparation  of  nitric  add  by 
passing  the  gasee  whilst  still  hot  at  350°,  and  containing  nitrogen  dioxide,  directly  over 
aolid  slaked  lime  arranged  in  the  form  of  bricks  inside  iron  tubes.    In  this  way  calcium 

nitrate  is  at  once  obtained  t^^ether  with  

free  lime  and  a  little  calcium  nitrite. 

But  almost  pure  sodium  nitrite  or  cal- 
cium nitrite  may  also  be  obtained  from 
nitrogen  dioxide  if  it  is  treated  with  hot 
solutions  of  soda  or  of  milk  of  lime  in 
granite  towers.  The  calcium  nitrite  con- 
tains 21  per  cent,  of  nitrogen. 

In  1907  the  Franco -Norwegian  Com- 
pany of  Notodden  combined  with  an 
industrial  group  which  was  headed  by  the 
Badische  Anilin  und  Sodafabrik,  and  this 
combination  formed  two  distinct  com- 
panies ;  one  with  a  capital  of  £880,000 
was  constructed  for  the  utilisation  of  the 
large  hydraulic  powers  of  Norway  and  the 
transformation  of  these  into  electrical 
energy  ;  and  the  other  with  a  capital  of 
£1,000.000  was  formed  tor  the  erection  of 
works  to  manufacture  calcium  nitrate, 
nitrite,  and  synthetic  nitric  acid.  Works  for 
obtaining  140,000  h.p.  from  10  turbines  of 
14,000  h.p.  each  are  already  well  advanced. 
This  power  is  all  to  be  obtained  from  a 
single  fall  of  50  cu.  metres  of  water  and 

a  further  tOO,000  h.p.  are  to  be  produced  p       .«. 

from  a  second  fall  at  Telemarkeu-Bjukan. 

When  these  works  are  completed  a  few  years  hence  they  will  be  able  to  produce  100,000 
tons  of  calcium  nitrate  annually. 

We  may  thus  readily  comprehend  how  much  hydraulic  energy  will  be  necessary  one 
day  in  ordar  to  replace  all  the  nitrate  which  is  to-day  supplied  from  Chili,  namely,  1,800,000 
tons,  and  it  is  evident  that  this  day  is  still  a  long  way  ofF,  so  that  a  rapid  change  in  the 
commercial  prospects  of  natural  nitrate  is  not  to  be  feared. 

Simultaneously  with  the  large  works  in  Norway  a  large  works  was  erected  at  Patscb  near 
Innsbruck,  Tyrol,  where  the  electric  arc  was  diverted  by  the  process  of  the  Iffothers 
Pauling  by  Wowing  in  air  between  two  electrodes  impinging  at  an  angle  (Fig.  135). 
In  this  way  a  blow-pipe  Bame  about  1  metre  long  was  obtained  (Fig.  136).  At  Patsch 
there  are  24  very  simple  electric  furnaces  utilising  15,000  h,p.,  and  up  till  now  the  gases 
which  are  obtained  contain  IJ  per  cent,  of  nitric  oxide  with  a  yield  of  more  than  500  kilos 
of  nitric  acid  per  kilowatt -year.  Sodium  nitrite  and  nitric  acid  of  a  concentration  of 
about  36  per  cent,  are  manufactured.  Attempts  to  concentrate  this  acid  by  eleotiolytic 
means  have  not  yielded  practical  results.  Although  the  unit  of  nitrogen  in  nitric  acid  is 
three  times  as  valuable  as  in  calcium  nitrate,  the  economical  concentration,  sale,  and  trans- 
port of  this  acid  are  not  an  easy  problem.  These  and  other  reasons  explain  the  wont  of 
saooees  of  the  first  Italian  wcsks  erected  at  Legnano  on  Pauling's  system,  by  the  Electro- 
Chomicai  Company  of  Dr.  Rossi,  which  were  to  utUise  10.000»h.p.  of  electric  energy 
during  10  hours  at  night  when  it  was  not  required  by  other  industries.     The  power  so 
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obtained  coats  Iobs  than  £1  per  kilowatt-year.  Attempts  made  in  1907  and  IdOS  by  the 
Electro -Chemical  Company  of  Caffaro  at  Brescia,  utilising  patents  of  Dr.  Helbig  of  Rome, 
conid  also  not  be  applied  indostiially  on  a  large  scale  because  the  yields  were  still  too 
low,  and  more  eapedolly  on  account  of  the  cost  of  electric  power  in  the  vicinity  being 
too  high. 

Helbig's  furnace  is  very  simple  and  is  easy  to  work  and  regulate  (U.S.  Pat.  926,413). 
It  contains  three  electrodes  and  is  worked  with  a  high-tension  three-phase  current.  The 
flame  of  the  arc  is  widened  to  a  disc  by  means  of  a  current  of  compresaed  air  which  is 
passed  between  the  electrodes  from  two  capillary  tubes  which  ate  placed  in  front  of  and 
perpendicular  to  them. 

In  any  case  it  is  necessary  to  remember  that  it  is  not  possible  to  manufacture  nitrate 
from  atmospheric  nitrogen  profitably  without  the  use  of  a  large  source  of  hydraulic 
power  which  does  not  cost  more  than  £1  4a.  per  h.p.-year  in  the  form  of  electrical 
energy,  and  unless  it  is'  possible  to  give  the  holders  of  the  patents  an  interest  in  the 
concern,  instead  of  paying  them  the  usual  fabulous  sums  in  advance,  because  in  this 
form  of  industry  imfo'cvements  and  modifications  ore  possible  from  one  day  to  another, 
and  a  new  patent  may  cause  the  value  and  advantage  of  those  j»'eceding  it  to  be  lost. 
In  order  to  avoid  unfortunate  difappointments,  it  Is  also  necessary  to  be  very  prudent 
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because  these  new  processes  are  very  attractive,  but,  on  the  other  band,  are  ftdl  of 
sur^ses. 

(c)  CHEMICAL  PROCESSES.  The  latest  discoveries  in  this  field  appear  to  have  led 
to  a  definite  and  satisfactory  solution  of  the  nitrogen  problem.  On  a  small  scale  in  the 
laboratory  it  has  been  observed  at  various  times  that  certain  metaUic  oxidea,  for  example, 
those  of  calcium,  magnesium,  Ac,  form  minimal  traces  of  nitrites  and  of  potassium  nitrate 
in  presence  of  potassium  carbonat«  solution  and  air  when  heated.  A  little  nitrogen  is  also 
oxidised  during  the  combustion  of  hydrogen  in  air  (Kolbe). 

Metallic  magnesium,  lithium,  &c.,  also  absorb  much  nitrogen  when  heatad,  forming 
nitrides  which  yield  ammonia  with  water.  Bosvay  (1890)  and  Loew  used  the  catalytic 
action  of  heated  platinum  to  oxidise  atmospheric  nitrogen,  and  08twald,in  1902,  patented 
a  process  for  the  preparation  of  nitric  acid  by  passing  a  mixture  of  ammonia  and  air  over 
platinum  black  heated  to  redness  ;  this  reaction,  however,  appears  to  have  been  noted  a 
long  time  before,  and  carried  out  by  Kulmann.  The  yields  in  the  laboratory  were  100  per 
cent.,  but  in  industrial  practice  they  were  at  first  only  76  per  cent,  but  were  furtlier 
improved,  and  to-day  nitric  acid  and  ammoninm  nitrate  are  produced  in  this  manner  on  a 
la^^  scale ;  the  tatter  contains  37  per  cent,  of  available  nitrogen  for  agricultural  purposes 
and  for  explosives,  at  less  cost  for  transport  compared  with  ammonium  sulphate  which 
contains  22  per  cent,  of  nitrogen  only.  The  practical  solution  of  the  [H'oblem  appears 
to  await  in  the  near  future  another  chemical  reaction  which  for  the  [vesent  has  not 
been  clearly  int«rpretod. 

In  1895  Frank  and  Caro  (Ger.  Pat.  88,363)  took  out  patents  for  the  preparation  of 
cyanides  by  absorbing  atmospheric  nitrogen,  mixed  with  st^am,  by  barium  carbide  heated 
to  700°  to  800°.  The  process  was  then  simplified  by  two  other  patents  (Oer.  Pat«. 
92,587  and  95,660),  but  in   1898  (Ger.   Pate.    108,971,   116,087,   and   116.088;    and   Eng. 
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P&t.  25,475)  it  was  found  that  during  the  reaction  only  traces  of  oyanide  are  formed  and 
that  the  product  is  almost  exclusively  barium  oyanamide :  BaC^  +  N^  -"  NO  ,  NBa  +  C. 
The  process  became  more  economical  when  Pfleger,  Rothe  (1898),  and  Freimdenberg  showed 
that  calcium  carbide  may  be  employed  instead  of  barium  carbide  and  absorbs  85  to  95  per 
cent,  of  the  theoretical  amount  of  nitrogen  at  lOOO**  to  1100°.  It  was  then  found  that  it 
is  not  necessary  to  first  prepare  calcium  carbide,  but  that  a  single  operation  suffices  in  which 
the  ingredients  which  serve  for  the  preparation  of  the  carbide  itself  are  heated  in  the  electric 
furnace  in  presence  of  nitrogen  :  CaO  +  C2  +  N2  "»  CO  +  NC  -  NCa  (calcium  cyanamide). 
The  atmospheric  nitrogen  is  first  freed  from  oxygen  by  passing  air  over  red-hot  copper  ; 
by  means  of  this  direct  reaction  a  blackish  product  of  crude  cyanamide  is  obtained  containing 
12  to  14  per  cent,  of  nitrogen  ;  but  when  the  carbide  is  used  the  crude  product  containing 
20  to  22  per  cent,  of  nitrogen  is  obtained.  This  substance,  which  is  very  well  adapted  for 
the  preparation  of  pure  potassium  or  soditun  cyanide  by  fusing  it  with  the  corresponding 
alkali,  was  first  manufactured  by  the  Cyanid  Gesellschaft  of  Berlin  under  the  direction  of 
Dr.  Garo,  Dr.  Frank,  and  Dr.  Erlwein,  of  the  firm  of  Siemens  and  Halske.  But  the  excellent 
results  which  have  been  obtained  with  these  substances  as  a  nitrogenous  manure  are  more 
interesting.  The  agricultural  experiments  independently  conducted  by  Prof.  Wagner 
and  Prof.  Gerlach  have  shown  that  the  nitrogen  in  crude  cyanamide  has  the  same  fertilising 
value  as  that  in  ammonium  sulphate  and  is  equal  to  90  per  cent,  of  that  contained  in  sodium 
nitrate.  Naturally  the  effects  of  this  new  fertiliser  vary  with  the  nature  of  the  soil ;  thus 
in  peaty,  sandy,  or  marshy  soils  or  soils  rich  in  humic  acid  satisfactory  results  have  not 
been  obtained  so  far.  On  the  other  hand,  it  gives  good  results  on  calcareous  or  clay  soils. 
Since  it  is  harmful  to  the  germination  of  seeds  and  to  any  vegetation,  especially  during  the 
dry  and  hot  weather,  it  is  advisable  to  spread  it  over  the  soil  ten  to  fifteen  days  before 
sowing,  and  to  then  immediately  start  ploughing  and  harrowing.  It  is  rather  harmful 
to  meadows  because  it  cannot  be  mixed  with  the  soil.  An  excessive  amount  of  moisture 
is  also  prejudicial  to  the  action  of  this  manure,  although  in  Italy  good  results  have  been 
obtained  with  it  by  application  to  rice  fields. 

Calcium  cyanamide  is  decomposed  by  various  bacteria  in  the  soil  into  ammonia  and 
calcium  carbonate.  Recent  experiments  of  Immendorf  (1905),  Pozzoli,  Ulplani,  and 
Fascetti  (1906)  show  that  calcium  cyanamide  reacts  with  carbon  dioxide  in  the  cold  to 
finally  form  calcium  carbonate  and  dicyandiamide  (C2N4H4)  which  is  not  injiuious  to  seeds 
or  vegetation  and  is  fermentable.  If,  on  the  other  hand,  it  is  acted  on  by  carbon  dioxide 
and  water  at  temperatures  higher  than  the  ordinary  temperature  the  final  products  are 
calcitmi  carbonate  and  cyanamide  (NC  .  NHg),  which  is  poisonous,  imfermentable,  and 
capable  of  forming  ammonia  in  the  more  harmful  nascent  state.  Soils  containing  much 
lime  facilitate  the  former  reaction.  In  opposition  to  the  general  opinion  Perotti  in  1907 
maintained  that  cyanamide  is  not  injiuious  to  vegetation. 

In  1910  C.  Ulpdani  showed  that  underground  calcium  cyanamide  is  first  transformed 
into  urea  by  the  action  of  certain  colloidal  substances  in  the  soil  which  act  as  catalysts 
and  that  then,  perhaps  through  the  action  of  microbes,  it  is  transformed  into  ammonium 
carbonate.  Dicyandiamide  may  be  formed  before  urea,  but  is  immediately  decomposed  by 
the  earth,  forming  urea. 

Galdtun  cyanamide  may  be  mixed  with  potassium  salts,  or  with  basic  slag,  but  not 
with  superphosphates,  because  it  then  causes  a  portion  of  the  phosphoric  acid  to  become 
insoluble ;  but  it  does  no  harm  when  employed  for  the  manuring  of  rice  fields.  When 
mixed  with  sodium  disulphate  calcium  cyanamide  gives  a  good  nitrogenous  manure. 
Calcium  cyanamide  has  the  disadvantage  that  it  develops  acetylene  when  moistened, 
but  this  fault  may  be  remedied  by  grinding  the  fresh  product  with  a  little  water,  which  imme- 
diately decomposes  the  small  amount  of  calcium  carbide  which  is  still  present.  Birkeland 
in  1908  proposed  the  absorption  of  nitrogen  dioxide  (NO2)  prepared  in  the  electric  furnaces 
by  calcium  carbide,  which  is  thus  transformed  into  calcium  nitrate  and  ammonium  nitrate, 
containing  about  25  per  cent,  of  nitrogen. 

The  process  of  Frank  and  Caro  was  directly  applied  in  1903  by  Siemens  and  Halske  of 
Berlin  in  a  small  industrial  plant  at  Martinikenf  eld.  The  nitrogen  which  was  required  was 
obtained  by  passing  air  over  red-hot  copper  which  removed  the  oxygen.  The  process,  how- 
ever, did  not  prove  to  be  sufficiently  economical  in  Germany,  because  the  electrical  power 
required  for  the  production  of  the  calcium  carbide  was  too  dear  and  the  separation  of 
the  atmospheric  nitrogen  was  too  costly. 
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Italy  was  the  country  which  produced  csJcium  carbide  at  the  lowest  price,  and  in  Italy, 
therefore,  through  the  initiative  of  the  Electro-Chemical  Company  of  Rome,  the  Society 
Italiana  per  la  fabbricazione  dei  prodotti  azotati  was  formed  in  1904  with  a  capital  of 
£280,000  in  order  to  prepare  calcium  cyanamide  on  a  vast  scale  by  utilising  electrical 
energy  at  Piano  d'Orte  where  it  costs  only  £2  per  h. p. -year.  This  large  establishment 
commenced  work  in  1905  and  in  1906  the  production  was  1200  tons,  whilst  in  1908  with 
new  retorts  it  rose  to  4000  tons  of  the  value  of  £30,000. 

In  these  works  retorts  were  first  used  which  were  similar  to  those  used  in  the  manufacture 
of  lighting  gas  {see  vol.  ii,  "  Organic  Chemistry  "),  but  constructed  of  steel.  The  nitrogen 
was  produced  from  liquid  air.  The  retorts  proved  to  be  unserviceable  after  a  short  time 
and  were  renewed,  but  the  results  obtained  were  not  much  better.  The  form  of  the 
retorts  was  completely  changed  in  1908  and  150  vertical  retorts  were  constructed  1*4  metres 
high  and  1  metre  wide,  each  of  which  held  400  kilos  of  calcium  carbide  whilst  the  old  hori- 
zontal retorts  only  contained  100  kilos  ;  and  the  mass  was  heated  by  producer-gas  with 
frequent  stirring.  These  new  retorts  were  heated  by  electric  resistance,  starting  from  the 
centre  by  means  of  an  arm  of  graphite,  and  thus  the  heat  was  gradually  propagated  from 
the  centre  towards  the  circumference,  the  heat  produced  by  the  exothermic  reaction  being 
also  used.  In  twenty -four  hours  a  compact  homogeneous  mass  containing  20  to  21  per  cent, 
of  nitrogen  is  obtained  ;  this  is  then  powdered  and  granulated  by  means  of  a  spray  of 
a  weak  aqueous  solution  of  glue  or  of  tar -oil ;  in  this  way  the  small  amount  of  unchanged 
carbide  is  decomposed  and  the  mass  does  not  become  powdery  when  spread  over  the  soil, 
and  does  not  develop  acetylene.  Calcium  carbide  is  to-day  manufactured  by  the  same 
company  at  Bussi  with  Tofan  furnaces,  and  costs  about  £4  per  ton.  By  means  of  all  these 
improvements  the  cost  of  the  resulting  calcium  cyanamide  is  about  Sd,  per  unit  of  nitrogen, 
and  it  is  sold  at  lid,  to  Is,,  whilst  the  unit  of  nitrogen  in  ammonium  sulphate  is  sold  at 
Is,  3(2.  and  that  in  sodium  nitrate  at  1^.  4d,^ 

In  spite  of  all  these  improvements  this  industry  does  not  prosper  because  agriculturists 
still  have  doubts,  and  further  endeavours  are  now  being  made  to  decompose  calcium 
cyanamide  with  steam,  so  liberating  the  ammonia  and  manufacturing  ammonium  sulphate. 

In  Europe  in  1908  there  were  eleven  large  works  of  the  total  capacity  of  output  of 
170,000  tons,  but  the  actual  production  was  less  than  40,000  tons.* 

As  they  have  assisted  the  cyanamide  process  we  must  also  mention  certain  improve- 
ments, especially  those  of  F.  Polzenius,  which  form  the  subject  of  a  patent  (Ger.  Pat. 
163,320,  November  1,  1901)  in  which  it  is  sho\»Ti  that  on  adding  about  10  per  cent,  of 
calcium  chloride  to  the  powdered  calcium  carbide  the  fixation  of  nitrogen  already  occurs 
at  temperatures  of  700°  and  more  rapidly.  The  chloride  act«  as  a  flux  and  accelerator 
of  the  reaction.  This  product  has  been  manufactured  since  1905  by  the  Nitrogenous 
Fertiliser  Company  of  Westeregel  in  Germany — Stickstoffdiinger  Gesellschaft-  which  has 
a  production  of  5000  tons  annually  and  is  already  erecting  further  works  for  a  larger 
production.  The  new  product  is  almost  identical  with  calcium  cyanamide ;  it  is 
commercially  called  Stickstoffkalk  or  nitro-lime. 

Carlson  has  used  10  per  cent,  of  calcium  fluoride  as  a  catalyst  since  1906  ;  the  resulting 
calcium  cyanamide  is  not  as  hygroscopic  as  that  prepared  with  calcium  chloride. 

In  1907  E.  and  G.  PoUacci  proposed  the  preparation  of  calcium  cyanamide  with  greater 
ease  and  of  greater  manurial  value  by  employing  4  per  cent,  of  potassium  carbonate  as 
a  catalyst.     They  also  proposed  to  treat  this  calcium  cyanamide  with  sulphuric  acid  in 

*  Thecoetpriceof  one  ton  of  calcium  cyanamide  coutainiug  20  per  cent,  of  nitrogen  and  formed  from  800  kilos 
of  carbide  in  this  Italian  works,  of  wliich  the  patent  alone  is  valued  at  £80,000,  may  be  calculated  approximately 
for  an  annual  production  of  10,000  tons  from  the  following  figures  :  800  kilos  of  calcium  carbide  are  required  at 
£4  18«.  per  t4)n  =  £3  18«.  8d. ;  200  kilos  of  nitrogen  at  llbd.  -^  19«.  2d. ;  amortisation  of  capital  invested  in  plant, 
patents,  <fec.,  £1  4«. ;  interest  at  6  per  cent,  on  the  capital,  £1  At. ;  coHt  of  labour,  t«clmical  supervision  and  admini- 
stration, about  (is.  6d. ;  cost  of  power,  including  water,  coal,  light,  lubricants,  &c.,  4t.  lO^d. ;  general  expenses, 
rcpaiiB,  packages,  unforeseen  circumstances,  losses,  Ac,  U.  lO^d. ;  total  cost  per  ton,  £8.  No  account  is  taken  of 
the  possible  utilisation  of  oxygen  nor  of  the  practical  yield  compared  with  the  theoretical,  as  we  have  taken  the 
theoretical  yields. 

*  Wc  here  give  the  possible  output  (not  the  actual  production)  of  the  various  works  using  Frank  and  Garo's 
process  :  At  Odde  in  Norway,  13,750  tons ;  at  MiUilthal  (Prussia),  3300  tons ;  at  Martigny  (Switzerland),  4400 
tons ;  at  Notre  Dame  de  Brian^on  (France),  13.200  tons ;  at  Trostberg  (Bavaria),  16,500  tons ;  at  Callestatti, 
Kt.  Marcel,  and  Piano  d'Orte  (Italy),  33,500  tons ;  at  Sebenico  and  Almisso  Flume  (Dalmatia),  60,000  tons. 
Working  by  the  Polzenius  process  we  have  :  At  Westeregel-BrUhl,  10,000  tons ;  at  Bromberg,  2600  tons.  Apart  from 
these  works,  some  of  which  have  suspended  work,  we  must  add  a  Canadian  works  which  utilises  the  Falls  of 
Niagara  and  has  a  capacity  of  40,000  tons  yearly,  and  another  at  Muscle  Shoals,  In  Tennessee  (U.S.A.).  of  a  eapacit  v 
of  40,000  tons. 
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order  to  obtain  a  fertiliser  containing  ammonitun  sulphate  which  no  longer  has  the  same 
caustic  action  as  ordinary  calcium  cyanamide  (Ger.  Pat.  210,808). 

This  process  has  to-day  entered  the  ranks  of  large-scale  industrial  operations,  and  we 
may  tranquilly  await  the  more  or  less  near  exhaustion  of  the  Chili  nitrate  deposits. 

NEW  GASES  DISCOVERED  IN  THE  ATMOSPHERE 

In  1892  Lord  Rayleigh,  whilst  stud3dng  and  controlling  the  density  of  the  elementary 
gases  by  exact  methods,  constantly  found  a  difference  of  density  between  nitrof2[eii  sepa- 
rated from  the  air  (1*2572)  and  nitrogen  prepared  from  ammonia  or  £rom  nitric  acid 
(1*2507).  Rayleigh,  although  one  of  the  best  experimental  physicists,  considered  it 
advisable  to  continue  these  studies  together  with  a  chemist,  Ramsay.  In  August  1894  these 
workers  communicated  to  the  British  Association  at  Oxford  that  the  increased  denjity 
of  atmospheric  nitrogen  was  due  to  the  presence  in  air  of  another  gas,  argon.  In  March 
1895  Ramsay,  whilst  seeking  for  other  somrces  of  argon  and  heating  uranium  minerals, 
discovered  another  elementary  gas,  helium,  the  existence  of  which  had  been  foreseen  for 
some  time  on  account  of  its  characteristic  lines,  which  were  always  found  in  the  solar 
spectrum.    More  recently  Kayser  has  found  small  quantities  of  helium  in  air. 

These  two  new  gases  are  characterised  by  their  indifference  towards  all  other  substances  ; 
in  fact  they  have  not  yet  been  combined  with  any  other  element.  It  was  shown  that  their 
molecules  were  monatomic  even  at  the  ordinary  temperature,  whilst  before  that  time 
free  atoms  were  only  known  at  high  temperatures  ;  this  fact  was  deduced  by  determina- 
tions of  the  relations  between  their  specific  heats  at  constant  pressure  and  at  constant 

Cj) 
volume.   This  ratio,  ^,  was  found  to  be  1-67,  as  is  the  case  for  all  monatomic  gases,  whilst 

for  molecules  of  di-  or  polyatomic  gases  the  relation  varies  between  1  and  |  (see  p.  51). 

Recently  Ramsay,  whilst  searching  for  a  new  element  which  should  occur  in  the  periodic 
system  between  helium  and  argon,  found  four  other  new  gaseous  elements  contained  in 
air,  and  succeeded  in  separating  them  in  an  impmre  state  by  evaporating  750  c.c.  of  liquid 
air  to  a  volume  of  70  c.c.  He  thus  discovered  krypton,  of  atomic  weight  45,  with  a  charac- 
teristic spectrum  containing  a  green,  a  red,  and  a  yellow  line  similar  to  the  spectrum  of 
the  aurora  borealis  ;  and  at  the  same  time  he  found  xenon,  and  finally  also  neon,  with  a 
density  of  20  compared  with  hydrogen,  which  perhaps  constitutes  the  intermediate  member 
sought  for  between  argon  and  helium. 

ARGON:   A,  39.9 

Air  contains  0*935  per  cent,  of  this  gas  by  volume  and  atmospheric  nitrogen  about 
1*183  per  cent.,  so  that  we  inspire  about  20  litres  of  it  daily. 

It  is  found  in  certa'n  mineral  waters  and  in  the  gas  of  certain  springs,  and  in  small 
quantities  together  with  helium  on  heating  certain  uranium  minerals.  Certain  gases 
occluded  in  rock  salt  contain  argon,  and  it  has  also  been  found  in  a  meteorite  ;  it  is  prepared 
from  air  in  two  ways  : 

(1)  Atmospheric  nitrogen  freed  from  oxygen  and  from  water  vapour  is  passed  over  a 
red-hot  magnesium  spiral ;  magnesium  nitride  is  thus  formed :  N2  +  Mgs  =<  N2Mg3, 
whilst  the  argon  does  not  react.  This  process  is  repeated  many  times  until  the  gas  no 
longer  diminishes  in  volume.  The  nitrogen  may  be  still  more  rapidly  absorbed  by  means 
of  lithium  or  with  a  red-hot  mixture  of  magnesium  and  calcium  oxide,  that  is,  with  finely 
divided  free  calcium  :    Mg  +  CaO  H-  Ca  (the  method  followed  by  Ramsay). 

In  1908  Ft.  Fischer  and  Ringe  prepared  argon  very  easily  by  passing  a  current  of  air 
(purified  and  dried  with  KOH,  H2SO4,  and  P2O6)  over  calcium  carbide  mixed  ^^ith  10  per 
cent,  of  calcium  chloride  and  previously  heated  in  vacuo  to  800°  ;  in  this  manner  both 
the  nitrogen  and  the  oxygen  are  absorbed,  as  the  latter  transforms  the  calcium  cyanamide 
into  CaO,  carbon  and  cyanamide.  In  order  to  free  it  from  the  last  traces  of  nitrogen, 
Fischer  and  Hahnel  (1910)  passed  this  argon  several  times  over  red-hot  calcium. 

(2)  Lord  Rayleigh  mixes  atmospheric  nitrogen  with  oxygen  in  presence  of  sodium 
hydroxide  solution,  and  then  subjects  the  mixture  to  an  electric  spark  for  a  long  time  ; 
sodium  nitrite  is  formed  and  a  mixture  of  argon  and  oxygen  remains,  which  is  passed  over 
red-hot  copper  in  order  to  remove  the  oxygen. 


fil2  iNORCiANiC   CHEMISTRY 

In  1785  Cavendish  already  observed  that  on  treating  air  in  this  way  all  the  atmofipherio 
nitrogen  is  not  transformed  into  sodium  nitrite,  but  that  a  small  quantity  of  gas  remains, 
which  he  did  not  examine,  but  which  he  found  to  have  a  constant  volume,  namely,  about 
T^ixjth  of  the  volume  of  the  air. 

Argon  thus  prepared  still  contains  hdium  and  neon,  which  are  lighter,  and  krypton' and 
xenon,  which  are  heavier,  and  therefore  it  is  liquefied  by  means  of  liquid  air  and  subject«d 
to  fractional  distillation. 

One  litre  of  argon  weighs  1*780  grms.,  and  its  density  compared  with  air  is  1*376.  It  is 
solid  at  -190°  and  boils  at  -186°.  Its  critical  temperature  is  -121°  and  its  critical 
pressure  50*6  atmospheres.  It  is  more  soluble  in  water  than  oxygen  (two  and  a  half  times 
more,  100  vols,  of  water  dissolving  about  4  vols,  of  argon  at  12°).  It  therefore  accumulates 
in  the  gases  of  rain  water  and  also  in  the  oxygen  prepared  by  Mallet's  process  (p.  180). 
By  means  of  its  spectrum  Crookes  was  able  to  distinguish  argon  clearly  £rom  other  gases 
because,  apart  from  various  lines  in  the  red  and  orange  and  five  lines  in  the  green,  there  is 
a  blue  line  more  intense  than  that  of  nitrogen  and  five  other  intense  and  characteristic 
lines  in  the  violet. 

Up  till  now  no  chemical  combinations  of  argon  are  known,  in  spite  of  the  yellow  solid 
compound  obtained  by  Berthelot  by  means  of  the  electric  discharge  in  benzene  vapours 
and  argon. 

Even  the  new  attempts  of  Fr.  Fischer  and  Iliovici  and  Schroter  (1909  and  1910),  by 
passing  the  electric  arc  through  piure  liquid  argon  from  electrodes  of  various  metals  at 
-  189°,  led  to  negative  results,  as  they  merely  obtained  metallic  powders  of  various 
colomrs,  often  in  the  pyrophoric  condition. 

HELIUM :  He,  4 

This  is  an  absolutely  inactive  gas  like  argon,  and  is  one  of  the  rarest  elements  on  the 
earth's  surface.  It  is,  however,  present  in  abundance  in  the  luminous  solar  atmosphere 
and  in  other  stars,  together  with  hydrogen.  It  was  discovered  spectroscopically  in  the 
solar  photosphere  by  N.  Lockyer  in  1867,  and  he  studied  it  in  1869  together  with  Frankland, 
and  called  it  helium. 

Palmieri  observed  it  on  the  earth  for  the  first  time  in  1882  on  studying  spectroscopically 
a  stone  from  Vesuvius. 

It  was  only  isolated  in  March  1895  and  defined  by  means  of  a  complete  spectrum 
by  W.  Bamsay  ;  before  that  only  the  line  D3  nad  been  known.  Ramsay  foimd  it  while 
seckrching  for  somrces  and  methods  of  preparation  of  argon. 

On  heating  certain  rare  minerals  composed  of  salts  of  mranium,  yttrium  and  thorium — 
for  example,  cleveite,  uraninite,  and  monazite— helium  is  evolved,  together  with  hydrogen, 
nitrogen,  argon,  and  carbon  dioxide.  It  is  also  obtained  by  treating  them  with  dilute 
sulphuric  acid  (1  :  8)  or  with  sodium  disulphate.  E^aiser  found  it  in  minimal  quantities  in 
the  air,  and  this  fact  was  also  confirmed  by  Ramsay  and  Travers. 

This  gas  is  also  found,  like  argon,  in  the  gases  of  various  springs  at  Wildbad,  at  Abano 
near  Padua,  and  also  in  the  Soffioni  of  Lardarello  in  the  Tuscan  marshes. 

The  molecule  of  helium  is  monatomic.  Dewar  believed  that  he  had  succeeded  in  lique- 
fying it  by  means  of  rapid  evaporation  of  liquid  hydrogen,  but  Olszewski  showed  in  1906 
that  he  had  been  mistaken.  It  was  certainly  liquefied  for  the  first  time  by  Kamerlingh 
Ommes  on  July  10, 1908.  It  boils  at  -  268*5°  and  its  critical  temperature  is  perhaps  —268°. 

Helium  is  the  least  soluble  in  water  of  all  known  gases.  When  subjected  to  powerful 
electric  discharges  in  a  Pliicker  tube  it  is  absorbed  by  the  platinum  electrode,  and  may  be 
separated  from  nitrogen  in  this  way  ;  on  heating  the  electrode  it  is  again  liberated.  The 
emission  spectrum  contains  five  well-marked  lines.  At  a  temperature  of  900°  it  diffuses 
through  quartz.  The  formation  of  helium  from  radium  and  from  radio-active  substances 
has  already  been  mentioned  on  pp.  122  et  seq.  G.  Claude  (1909)  found  that  in  a  million  litres 
of  air  there  are  16  litres  of  neon,  5  litres  of  helium,  and  less  than  1  litre  of  hydrogen. 

NEON  :  Ne,  20.  This  gas  is  liquid  at  a  temperature  of  -  243°  and  is  solid  at  -  252°. 
Its  critical  temperature  has  been  calculated  to  be  -  220°.  Its  spectrum  consists  of  green 
lines  and  several  orange  lines.  Collie  noticed  in  1909  that  on  passing  a  bubble  of  pure  dry 
neon  into  the  evacuated  chamber  of  the  Topler  pump  this  acquires  a  red  luminosity. 

KRYPTON:  Kr,  83.   This  element  is  liquid  at  -152°  and  solid  at  -169°.   The  green 
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lineB  of  its  speotrtun  are  especially  oharacteristio  and  are  also  found  in  the  aurora  borealis. 
It  is  contained  in  air  to  the  extent  of  about  one  part  per  million. 

XENON:  X,  130.7.  This  gas  liquefies  at  -109°  and  solidifies  at  -140^  Its  spec- 
trum contains  various  characteristic  blue  lines.  It  is  present  in  air  to  the  amount  of  about 
one  part  in  forty  millions. 

PHOSPHORUS :  P,  31 

This  element  is  not  found  free  in  nature  on  account  of  its  great  affinity  for 
oxygen ;  it  abounds,  however,  in  the  form  of  calcium  phosphate  as  phos- 
phorite,  sombreritey  apatite  Ca4(P04)8.CaF,  and  coprolite ;  it  is  also  found 
as  iron  phosphate  in  vtvianite,  Fe3(P04)2.8H20,  and  as  aluminium  phosphate 
in  wavdlite  [Al2(P04)2]2.Al2(OH)g9H20  ;  it  is  present  to  a  small  extent  in 
all  rocks,  and  therefore  in  all  soils,  of  which  it  constitutes  one  of  the  principal 
fertilising  factors,  aa  it  enters  into  the  composition  of  the  seeds  of  all  plants. 

It  is  of  great  importance  for  the  life  of  vertebrate  animals  because  it  is 
the  principal  constituent  of  the  skeleton  and  the  bones  in  the  form  of  calcium 
phosphate,  and  enters  into  the  composition  of  muscle,  albuminoids,  brain 
substance,  and  the  nervous  system  in  the  form  of  lecithin. 

PREPARATION.  Phosphorus  was  prepared  for  the  first  time  by  Brand  in  Hamburg, 
and  immediately  afterwards  by  Kunkel  in  Wittenberg  about  the  year  1670,  by  calcining 
the  residue  of  evaporation  of  large  quantities  of  urine  in  which  they  were  seeking  for  the 
philosopher's  stone  (see  p.  14). 

Scheele  in  Sweden  in  1755  prepared  it  from  bones,  and  until  a  few  years  ago  the  same 
process  was  still  used  with  slight  modifications.  Fresh  bones  contain  25  to  27  per  cent,  of 
phosphoric  acid  as  tricalcium  phosphate  (P04)2Ca8,  together  with  considerable  quantities 
of  fat,  which  are  extracted  with  benzine  or  carbon  disulphide,  and  also  contain  a  fair  portion 
of  connective  tissue  which  may  be  extracted  with  steam  and  then  forms  the  glue  or 
gelatine  of  commerce. 

In  certain  cases  the  bones  are  directly  decomposed  by  dry  distillation  in  iron  retorts 
in  absence  of  air,  "  Dippel's  animal  oil  "  being  thus  obtained.  Bone  charcoal  or  hone 
black  remains  in  the  retort,  and  after  pulverisation  serves  as  a  decoloriser  in  many  indus- 
tries and  especially  in  sugar  refineries,  its  specific  properties  not  being  shared  by  wood 
charcoal. 

In  the  past  the  bones  were  calcined  directly  in  open  kilns  such  as  are  used  for  burning 
lime,  and  were  then  powdered  in  order  to  obtain  the  so-called  bone  ash,  which  contains 
more  than  50  per  cent,  of  phosphoric  acid.  In  order  to  obtain  bone  ash  to-day,  bone  charcoal 
which  has  already  been  used  for  decolorising  purposes  is  burnt  in  the  air.  150  kilos  of 
this  ash  are  washed  at  one  time  in  lead-lined  wooden  boxes  with  hot  water  and  then  with  150 
kilos  of  60  per  cent,  sulphuric  acid.  In  48  hours  the  whole  of  the  tricalcium  phosphate 
is  transformed  into  monocalcium  phosphate,  which  is  soluble  in  water : 

(I)  (P04)2Ca8  -f  2H2SO4  =  2S04Ca  -f  (P04)2H4Ca. 

It  is  diluted  with  water  so  that  a  liquid  of  sp.  gr.  It05  to  1-07  is  obtained  and  the  insoluble 
gypsum  (804Ca)  is  allowed  to  settle.  The  clear  solution  of  monocalcium  phosphate  is  then 
decanted  off.  The  water  which  is  obtained  on  washing  the  gypsum  serves  for  succeeding 
operations.  The  solution  of  the  phosphate  is  concentrated  to  a  sp.  gr.  1*45  in  large  shallow 
leaden  pans,  the  hot  fumes  from  the  furnace  in  which  the  bones  are  calcined  being  used 
for  this  purpose.  The  solution  is  then  passed  into  iron  pans  and  heated  over  a  direct  flame, 
a  quarter  of  its  weight  of  coarsely  powdered  wood  charcoal  being  added.  When  the  mass 
is  solid  and  contains  no  more  than  6  per  cent,  of  moisture,  it  is  placed  in  terracotta  retorts 
1  metre  long,  in  batches  of  10  kilos  ;  these  retorts  are  placed  horizontally  back  to  back 
in  several  rows  in  a  suitable  furnace  (Fig.  137).  The  temperature  is  raised  in  twenty -four 
hours  to  a  red  heat,  and  the  monocalcium  phosphate  is  thus  all  transformed  into  calcium 
metaphosphate : 

(II)  (P04)2H4Ca  =  2H2O  +  (P03)2Ca. 

On  finally  heating  (in  46  hours)  to  a  white  heat,  tricalcium  phosphate  is  formed 
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together  with  carbon  monoxide,  which  is  evolved,  and  free  phosphorus,  which  distils,  kA 

is  coDdenBod  in  water  in  receivers,  b  : 

(III)       3{P0,),Cft  +  IOC  =  lOCO  +  (POi)i,Caa  +  P*. 

The  end  of  the  reaction  is  indicated  by  the  disappearance  of  the  blue  flame  of  CO. 
From  100  kilos  of  bone  ash  about  15  kiloB  of  crude  phoaphonu  are  obtained. 

As  the  product  melts  at  44°  it  was  formerly  purified  under  hot  water  at  50°  to  60°  on 
carbon  filters,  after  which  it  was  pressed  through  the  porea  of  a  piece  of  chamois  leatiier. 
To'day,  hi^wever,  it  is  usually  refined  by  a  further  distillation  with  15  per  cent,  of  mobl 
sand.  In  the  works  of  Violet  at  Paris  it  is  obtained  pure  and  almost  colourleHs  by  melting 
it  and  stirring  it  in  water  with  4  per  cent,  of  potassium  dichromat*  together  with  sulphuric 
acid.    It  is  formed  into  small  cylinders  by  means  of  Seubert  moulds  placed  under  water. 

A  long  time  ago  Wbbler  proposed  the  preparation  of  phosphorus  from  phosphatic 
minerals  by  miiing  them  with  quartz  sand  (30  per  cent.)  and  eoke  (10  per  cent.),  and  then 
heating  to  a  very  high  temperature  : 

CajfPO*)^  +  5C  +  3Si02  =  SCO  +  SSiOaCa.  -t-  2P. 


^ 


*kif 


FlO.  137.  Fio.  138. 

This  method  has  been  industrially  employed  with  the  help  of  electric  furnaces  pro- 
posed by  Readman,  Robinson,  and  Parker  (1  SOS ).  The  factory  of  Albright  and  Wilson  at 
Aldburg  alone,  and  ite  branch  at  Niagara  Falls  prepare  about  13  tons  of  phosphorus 
per  month. 

The  process  is  continuous  as  the  fused  slag  is  separated  continuously  at  the  base 
of  the  furnace  at  h  (Fig.  138),  and  the  phosphatic  mixture  is  introduced  through  a  hopper 
A  and  a  helical  screw  from  above  ;  phosphorus  fumes  escape  above  through  a  large  tube 
g,  and  are  condensed  under  wat*r  in  copper  receivers. 

During  the  reaction  a  current  of  inert  gas  such  as  cool  gas  may  also  be  passed 
through  the  apparatus  in  order  to  prevent  the  oiidation  of  the  phosphorus. 

In  1897  Hilbert  and  Frank,  and  more  recently  Bradley  and  Jacobs,  prepared  phosphorus 
by  starting  from  calcium  phosphate  and  carbon  only,  simultaneously  obtaining  calcium 
carbide.  This  carbide  cannot  be  used  for  the  mahufacture  of  acetylene  as  it  contain* 
phosphorus,  but  it  may  be  used  for  the  preparation  Of  calcium  cyanamide  {see  p.  309), 

PROPERTIES.  Distilled  phosphorus,  which  is  called  yeUow  or  whiU 
phosphorus,  has  the  appearance  of  somewhat  transparent  white  wax,  and 
unless  it  is  very  pure  has  a  yellowish  colour  ;  it  has  a  specific  gravity  of  1-83  ; 
it  is  soft,  but  becomes  brittle  at  0°  ;  it  melts  at  44'4°  and  boils  at  287°.  When 
exposed  to  light  it  becomes  brownish  yellow ;    it  is  insoluble  in  water,    but 
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dissolves  in  carbon  disulphide  from  which  it  crystallises  in  rhombododecahedra. 
It  is  slightly  soluble  in  alcohol  and  ether.  It  is  luminous  and  phosphorescent 
in  the  dark  probably  on  account  of  the  formation  of  hydrogen  phosphide  which 
bums  in  the  air.  The  phenomenon  of  phosphorescence  is  very  complex  and 
depends  considerably  on  the  pressure  of  the  oxygen.  It  increases  with  rare- 
faction until  the  substance  catches  fire. 

Moist  phosphorus  oxidises  rapidly  in  the  air  giving  white  fumes  of  phos- 
phorous and  phosphoric  acids  and  phosphorus  pentoxide,  together  with 
hydrogen  peroxide  and  ozone.  It  spontaneously  catches  fire  in  the  air,  forming 
phosphorus  pentoxide  (P2O5),  especially  if  finely  divided,  as  may  be  shown 
by  pouring  a  solution  of  phosphorus  in  carbon  disulphide  on  to  a  sheet  of 
paper.  The  carbon  disulphide  quickly  evaporates,  and  the  paper  catches 
fire  spontaneously. 

If  melted  under  water  and  heated  to  50°  phosphorus  catches  fire  and 
bums  under  the  water  if  brought  in  contact  with  a  stream  of  oxygen ;  it 
reacts  energetically  with  CI,  Br,  and  I. 

If  phosphorus  vapours  are  mixed  with  hydrogen  the  gas  burns  with  a 
flame  which  is  green  in  the  centre  and  is  characteristic  and  noticeable  even 
when  minimal  traces  of  phosphorus  are  present.  In  presence  of  minimal 
quantities  of  phosphorus  the  vapours  from  boiling  water  carry  off  a  portion 
of  it,  and  these  vapours  become  phosphorescent  in  the  dark.  Mitscherlich 
devised  an  apparatus  for  the  detection  of  minimal  traces  of  phosphorus  in 
poisoning  cases  by  means  of  this  reaction.  The  suspected  substance  is  placed 
in  a  flask  with  water  and  boiled. .  The  water  vapour  becomes  phosphorescent 
in  the  dark,  whilst  passing  up  the  tube  of  the  vertical  condenser,  if  phosphorus 
is  present.  The  vapours  are  then  condensed  in  a  solution  of  silver  nitrate 
80  that  the  presence  of  phosphorus  may  be  confirmed. 

Phosphorus  dissolved  in  carbon  disulphide  is  a  strong  reducing  agent,  and 
therefore  separates  various  metals  from  their  salts  forming  phosphides  ;  thus, 
for  example,  it  precipitates  PAgg  mixed  with  Ag  from  silver  nitrate  and  CU3P2 
from  copper  sulphate.  Silver  nitrate  may  be  used  for  healing  burns  caused 
by  phosphorus. 

Phosphorus  is  a  powerful  poison,  and  0*1  grm.  is  sufficient  to  cause  death. 
In  cases  of  phosphorus  poisoning  it  is  found  absorbed  in  the  liver,  which  is 
distended,  in  the  blood,  and  in  the  expired  air.  The  antidote  consists  of  1  grm. 
of  copper  sulphate  dissolved  in  half  a  litre  of  water.  The  chronic  illnesses 
caused  by  phosphorus  poisoning  are  shown  amongst  operatives  in  match 
factories,  by  necrosis  of  the  bones  and  especially  of  the  teeth  and  jaws. 

The  density  of  phosphorus  vapour  between  500°  and  1000°  leads  to  a  mole- 
cular weight  corresponding  to  P4,  and  this  molecule  still  exists  in  the  cold,  as 
may  be  shown  cryoscopically  in  its  solutions.  Two  allotropic  forms  of  phos- 
phorus other  than  yellow  phosphorus  are  known,  namely  red  and  black 
phosphorus,  which  are  denser  and  have  a  smaller  specific  heat.  Black 
phosphorus  or  metallic  phosphorus  is  also  called  Hittorf's  phosphorus,  and  is 
obtained  .by  crystallising  it  from  solution  in  molten  lead  ;  it  has  a  specific 
gravity  of  2-32. 

RED  PHOSPHORUS  OR  AMORPHOUS  PHOSPHORUS.  This  substance  was 
discovered  by  Schrotter  in  1845  and  was  believed  to  be  amorphous,  but  it  has  now  been 
shown  that  it  crystaUises  in  the  hexagonal  system  and  is  a  polymer  of  yellow  phosphorus. 

It  is  formed  on  exposing  yellow  phosphorus  for  a  long  period  to  light,  or  on  heating  it 
in  vacuo  or  out  of  contact  with  the  air  to  300°.  The  transformation  already  occurs  at 
200°  if  a  trace  of  iodine  is  added. 

It  is  prepared  industrially  in  Albright's  apparatus  (Fig.  139),  which  consists  of  a  glass  or 
porcelain  vessel,  P,  immersed  in  a  second  receiver  containing  sand,  *S'i,  which  is  in  turn  heated 
in  another  sand-bath,  *Sf,  placed  directly  over  a  furnace,  F  ;   the  internal  vessel  is  almost 
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completely  Med  with  yellow  phoBphorua  and  is  then  closed  with  a  screw  top,  which  curica 
A  oorred  tube,  B,  dipping  into  water  or  mercury,  W,  and  thns  forms  a  hydraulic  sul. 
As  the  whole  ie  gradually  heated  the  internal  air  escapes  through  the  tube,  which  is  closed 
after  a  certain  time  by  the  cock,  K,  whilst  the  heating  is  continued  for  8  to  10  dftp 
at  230°  to  250°.  A  mass  of  ted  phosphorus  results,  which  is  poured  into  water  and  bollnl 
with  sodium  hydroxide  to  dissolve  the  last  traces  of  yellow  phosphorus  which  remain, 
PH|  and  sodium  hypophosphite  being  thus  formed.  It  is  then  further  washed  with  vaXer 
and  the  mass  of  red  phosphorus  is  dried  in  stoves.  Yellow  phosphorus  can  also  beeutiv 
separated  with  carbon  disulphide,  but  the  operation  is  more  dangerous. 

Red  phosphorus    consists    of   an   apparently   amorphous,  bright    reddish- 
brown  powder  without  odour,  of  sp.  gr.  2-19 ;  it  is  not  phosphorescent  in  the 
dark,  does  not  alter  in  the  air,  and  is  not  set  on  fire  by  friction ;   it  is  not 
poisonous,  is  insoluble  in  carbon  disulphide,  and  only  catches  fire  at  a  tem- 
perature above  200°  ;  when  heated  rapidly  to  260°  in  an  atmosphere  of  carbon 
dioxide  it  is  transformed  into  vapours  of  ordinary  yellow  phosphorus.     It  does 
not  melt,  even  at  a  red  heat,  but  at  100"  it 
already  slowly  gives    off    vapours,     ^\^len 
heated  for  a    long    time  to  360°  in  sealed 
tubes,  red  phosphorus  is  transformed  inio 
black  phosphorus,  formed  of  rhombohedral 
crystals  of  sp.  gr.  2-34. 

When  yellow  phosphorus  is  transformed 
into  red  phosphorus  114  Kj.  are  evolved,  so 
that  the  latter  contains  less  energy  and  i:; 
therefore  more  stable  and  indifierent. 

Yellow  phosphorus  is  kept  under  water 
or,  better  still,  under  alcohol  or  glycerine.  It 
is  sold  in  hermetically  sealed  tin-plate  boxes. 
USES  OF  PHOSPHORUS.  The  Match  /«- 
diietnj.  This  is  an  essentially  chemical  industry, 
a  product  of  the  nineteenth  century,  but  is  to-<Uy 
combined  with  perfect  machinery  which  render? 
Flo.  139.  it  one  of   the  most  interesting  modem  industries. 

The  history  and  the  first  development  of  the 
match  industry  aro  go  well  known  by  everybody  today  that  we  need  not  dwell  on  il 
in  a  special  manner.  The  first  matches  «-ere  manufactured  by  Chancel  in  Paris  in 
1805  ;  they  consisted  of  a  splint  of  wood  which  was  covered  at  one  end  with  a  mixture  of 
sugar  and  potassium  chlorate.  On  touching  this  wood  with  a  piece  of  asbestos  soaked  ir 
sulphuric  acid  fire  was  produced.  These  matches  were  used  until  about  1840.  Then,  how- 
ever, a  wooden  match  which  lit  by  friction  appearMi.  These  had  been  discovered  about 
1832  almost  simultaneously  by  the  German  chemist  Kammetcr,  the  Viennese  Preshel, 
and  the  French  medical  man  Sauna,  to  whom  a  marble  monument  was  erected  a  ti*« 
years  ago  at  Saint -Lothaire,  a  small  community  in  the  Jura,  his  native  country.  The 
wooden  matches  had  a  head  formed  of  a  mixture  of  potassium  chlorate  and  anlimony 
trisulphide,  held  together  with  some  kind  of  gum  ;  they  were  lighted  by  rubbing  them  on  i 
sheet  of  paper  covered  with  powdered  glass,  and  were  drawn  between  two  fingers.  At  fir^t 
they  were  called  by  the  name  of  Congrove,  an  English  general  of  artillery,  who  since  lh>- 
beginning  of  the  century  had  prepared  the  most  various  and  surprising  rockets  for  u.«e  in 
warfare  and  as  fireworks.  Towards  1833  the  discovery  of  Sauria  and  of  Kammerer  w*. 
introduced  in  a  practical  and  convenient  form  in  various  countries  simultaneoudy  by 
means  of  wooden  matches  made  with  yellow  phosphorus.  In  1816,  already,  Deiwane  had 
attempted  to  prepare  matches  with  yellow  phosphorus  but  had  not  succeeded  practically, 
and  it  was  orJy  much  later  that  they  were  mot  with  in  the  form  of  thin  splints  of  wood 
covered  at  one  end  with  sulphur,  which  served  to  transmit  to  the  wood  the  flame  formal 
at  the  head  by  a  miituro  of  j'cllow  phosphoru-s  and  potassium  chlorate.  These  eullihui 
matches  were  very  soon  in  common  use  in  all  countries,  reaching  even  to  the  smaUe-l 
villages,  so  that  they  were  used  both  in  tlie  palace  and  the  cottage. 
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The  mixtiire  forming  the  head  of  these  sulphur  matches  had,  however,  two  serious 
objections,  which  were  very  soon  also  noticed  by  the  public,  namely,  that  they  were 
dangerously  explosive  and  poisonous. 

In  1837  Preshel  commenced  to  replace  the  potassium  chlorate  by  brown  lead  peroxide, 
and  then  by  minim  mixed  with  manganese  dioxide,  which  was  still  less  dangerous  ;  one 
of  the  disadvantages  was  thus  eliminated.  But  there  still  remained  the  danger  due  to  the 
phosphorus,  which  had  already  claimed  many  victims  through  the  poisoning  of  children 
who  were  unconscious  of  danger,  and  through  the  necrosis  of  the  bones,  which  inexorably 
attacked  the  workmen  using  yellow  phosphorus.  It  was  only  in  1848  that  Professor  Bottger 
of  Frankfort-on-Maine  prepared  the  so-called  safety  matches,  free  from  phosphorus,  for 
the  first  time.  In  these  the  head  contained  no  phosphorus,  but  only  a  mixture  of  substances 
containing  much  oxygen,  e,g.  a  mixture  of  16  per  cent,  of  gum,  50  per  cent,  of  potassium 
chlorate,  5  per  cent,  of  potassium  chromate  or  calcium  plumbate,  6  per  cent,  of  sulphur, 
and  25  per  cent,  of  a  filling  made  of  zinc  oxide  or  chalk,  and  various  colouring  matters. 
Safety  matches  only  ignite  when  they  are  struck  on  a  specially  prepared  surface  containing 
50  per  cent,  of  red  phosphorus,  which  is  not  poisonous,  20  per  cent,  of  gum,  10  per 
cent,  of  antimony  sulphide,  water,  and  inert  filling  material.  In  various  countries  the 
yellow  phosphorus  in  matches  was  replaced  by  phosphorus  sesquisulphide,  which  is  less 
dangerous. 

These  matches  are  also  called  Swedish  matches,  because  it  was  in  Sweden  that  they 
were  first  manufactured  on  a  large  scale,  as  their  substitution  for  matches  containing 
yellow  phosphorus  was  enforced  by  law.  From  Sweden  safety  matches  were  imported  to 
all  the  other  coimtries,  and  in  some  of  these — North  America,  France,  England,  Switzer- 
land— and  now  also  in  Germany,  laws  were  passed  absolutely  forbidding  the  manufacture 
of  matches  containing  yellow  phosphorus.  Until  a  few  years  ago  safety  matches  had  the 
disadvantage  that  they  could  only  be  ignited  by  striking  them  on  a  specially  prepared 
surface.  Now,  however,  matches  are  prepared  in  France  and  in  Switzerland  which  are  made 
\^ith  completely  harmless  phosphorus  sulphide,  and  which  light  on  striking  them  on  any 
roughened  surface.  By  heating  white  phosphorus  with  phosphorus  tribromide  Schenck 
recently  obtained  scarlet  phosphorus^  which  is  nothing  more  than  a  mixture  of  70  parts  of 
phosphorus  and  30  parts  of  phosphorus  tribromide  PBr,  ;  this  substance  is  not  poisonous 
and  is  more  active  than  ordinary  amorphous  phosphorus,  so  that  it  is  adapted  for  the 
preparation  of  non-poisonous  matches  which  may  be  struck  on  any  surface. 

It  is  difficult  to  understand  why  the  manufadture  of  non-safety  matches  has  not  been 
forbidden  even  in  Italy,  because  to  the  many  processes  of  manufacturing  safety  matches 
another  was  added  in  1903  by  an  Italian  chemist,  Purgotti,  who  advantageously  uses 
ammonium  sulphocyanide  mixed  with  potassium  chromate  instead  of  yellow  phosphorus. 
But  in  Italy  the  health  of  thousands  of  workmen  continues  to  be  injured,  and  that  of  the 
consumers  themselves  constantly  menaced,  perhaps  in  order  not  to  harm  the  interests 
of  a  few  manufacturers. 

The  greatest  advance  in  the  match  industry  has  occurred  since  I860;  when,  with  the 
help  of  engineers,  machines  were  produced  which  enable  matches  to  be  manufactured  on 
a  large  scale  with  a  minimum  amount  of  hand  labour.  From  the  first  machine  by  Sebold 
the  marvellous  machines  of  S6v6ne  and  Cahen  were  gradually  evolved.  These  perform  all 
the  necessary  operations  in  an  absolutely  automatic  manner.  The  sawing  of  the  wood 
into  sheets  is  followed  by  cross-cutting,  which  forms  thousands  of  sticks  at  a  single  stroke, 
and  these  are  arranged  separately  from  one  another  in  suitable  frames,  which  then  pass 
on  to  be  coated  with  paraffin,  immersed  in  molten  sulphur,  the  heads  covered  with  the 
inflammable  mixture,  dried,  and  finally  filled  automatically  into  the  boxes,  labelled  and 
packed  into  cases.  This  is  one  of  the  examples,  so  frequent  to-day,  in  which  machinery 
is  more  perfect  and  rapid  than  manual  labour.  By  means  of  these  machines  three  workmen 
produce  600  boxes  of  matches,  ready  for  sale,  in  ten  hours. 

The  large  match  industry  gradually  extended  £rom  Sweden  to  Russia,  Austria, 
Germany,  and  later  also  to  France  and  Italy.  For  some  time  competition  has  also 
arisen  from  new  factories  in  America  and  Japan.  In  the  whole  world  there  are  to-day 
more  than  700  important  match  factories.  The  large  factory  of  Jonkoping,  in  Sweden, 
produces  about  60  million  matches  daily.  In  1907  Sweden  produced  matches  to  the 
value  of  £720,000  and  exported  21,800  tons.  Germany  produces  matches  to  the  value  of 
about  £4,600,000  annually,  and  it  is  calculated  that  the  mean  daily  consumption  is  twelve 


818  INORGANIC    CHEMISTRY' 

matches  for  each  inhabitant.  In  1906  1385  tons  were  exported  of  the  value  of  £38,000. 
The  Argentine  has  10  large  match  factories,  which  employ  3500  workpeople  and  consume 
700  tons  of  stearine  annually,  producing  matches  to  the  value  of  £400,000,  of  which, 
however,  £80,000  represents  the  value  of  the  boxes.  In  France  the  production  in  1877 
was  25,179  millions,  in  1897  33,349  millions,  and  in  1907  41,369  millions,  for  which 
12-140  tons  of  red  phosphorus,  31*427  tons  of  phosphorus  sulphide,  224-127  tons  of 
potassium  chlorate,  and  844-871  tons  of  sulphur  were  required.  The  manufacturing  profit 
was  about  £1,120,000.  In  Brazil  in  1908  425  million  boxes  of  matches  were  produced. 
Italy  in  1903  exported  1258*4  tons  of  wooden  matches,  and  in  1908  1541*4  tons  of  the 
value  of  £37,000  and  1610*4  tons  of  wax  matches.  In  1908  1879*3  tons  of  wax  matches,  of 
a  value  of  £180,400,  were  produced.  In  Italy  there  are  to-day  115  large  and  small  match 
factories,  which  in  1908  produced  41,000  million  wooden  matches  and  26,800  miUion  of 
wax  or  parafQn  matches  ;  the  internal  consumption  was  36,700  million  of  the  former 
and  11,400  million  of  the  latter.  The  exports  were  5300  million  of  the  former  and  14,300 
million  of  the  latter.  The  Government  receives  £400,000  a  year  from  the  match  tax. 
Exports  go  more  especially  to  Turkey,  Egypt,  and  Australia.  In  1901  Japan  exported 
41,407,000  gross  of  matches  of  the  value  of  £1,200,000,  and  in  1908  it  exported  34,000,000 
gross  ;  25,000  workpeople  are  employed  in  150  works  ;  the  export  forms  two -thirds  of  the 
production,  and  60  per  cent,  of  it  goes  to  China. 

The  production  of  phosphorus  in  1864  in  Franco  and  England  was  altogether  175  tons,  in 
1874  it  was  1200  tons ;  in  1800 1500  tons  were  produced  in  France  and  1750  tons  in  England. 

The  world  now  consumes  3000  tons  of  phosphorus  yearly  in  the  match  industry,  in  the 
preparation  of  aniline  colours,  and  still  more  in  the  manufacture  of  very  important  metallic 
alloys,  mainly  prepared  by  new  electric  processes. 

The  most  important  phosphorus  works  are  foimd  in  America  (Oldburg  Electron -Chemical 
Co.  at  Niagara),  England,  France  (Lyons),  and  Germany  (Griesheim  and  Frankfort) ;  a 
little  is  produced  in  Sweden  and  in  Russia.  A  factory  using  wavellite  (aluminium 
phosphate)  has  recently  been  started  at  Harrisburg.  In  1905  Italy  imported  199  tons 
of  red  and  yellow  .phosphorus  of  the  value  of  £29,860,  that  is,  at  a  mean  price  of  3*.  per 
kilo.    In  1907  the  imports  were  only  79-6  tons  and  in  1908  105-1  tons,  valued  at  £14,714. 

Germany  imported  313  tons  of  phosphorus  in  1901  and  exported  150  tons  ;  in  1909  it 
imported  178-6  tons  and  exported  168*5  tons. 

The  price  of  yellow  phosphorus  is  about  3s,  2^.  per  kilo,  that  of  red  phosphorus  of 
jQrst  quality  about  5s.  2^.  per  kilo,  and  of  second  quality  about  Ss. 

ARSENIC:    As,  74.96 

Arsenic  is  contained  in  various  minerals  which  have  been  known  since 
ancient  times,  and  Gebir  described  arsenic  oxide  clearly,  and  obtained  it  by 
burning  arsenic  sulphide.     Brandt  in  1773  knew  metallic  arsenic. 

Arsenic  is  found  in  nature  in  the  free  state  as  a  mineral,  but  more  abun- 
dantly combined  in  the  form  of  sulphides  (realgar,  AsgSj,  orpiment,  As^Sj)  or 
arsenical  pyrites,  FeSAs,  and  smalt  or  mispickel,  CoSAS. 

It  is  found  in  small  quantities  in  many  mineral  waters,  for  instance,  in  the 
waters  of  Roncegno,  where  it  was  found  for  the  first  time  by  Will  and  then  by 
Fresenius. 

It  is  obtained  by  heating  AsFeS  out  of  contact  with  the  air ;  the  arsenic 
sublimes  and  iron  sulphide  remains,  or,  as  in  the  case  of  the  metals,  it  is  obtained 
by  heating  arsenious  oxide,  formed  by  roasting  the  sulphide  in  the  air,  in 
presence  of  carbon  : 

AS2O3  +  3C  =  SCO  +  Asa. 

Attempts  have  been  made  to  prepare  it  electrolytically  in  the  same  manner 
as  antimony  {see  bdow)  by  using  its  solutions  in  alkali  sulphides  and  hydro- 
sulphides  (Siemens  and  Halske  process) ;  a  greater  practical  success  appears, 
however,  to  have  been  obtained  by  Westmann's  process  (1900)  according  to 
which  the  arsenical  mineral  is  heated  in  an  electric  furnace  with  iron  sulphide 
in  an  atmosphere  of  nitrogen. 
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Arsenic  crystallises  in  the  hexagonal  system  and  has  a  specific  gravity  of  5*73. 

It  is  known  in  various  crystalline  forms  and  also  in  the  amorphous  state,  but  in  reality 
this  latter  variety  is  an  agglomerate  of  microscopic  crystals  of  the  regular  system.  But 
truly  ofmarfhoua  arsenic  \i  also  known  and  is  obtained  by  distilling  arsenic  in  a  current 
of  hydrogen  ;  this  product  has  a  blackish  and  but  slightly  lustrous  aspect  and  a  specific 
gravity  of  4*7,  and  on  heating  to  360°  it  is  transformed  into  crystalline  arsenic  with  evolu- 
tion of  heat.  When  heated  with  a  solution  of  sodium  hypochlorite  it  acquires  a  lustrous 
metallic  aspect ;  thus,  also,  if  heated  with  a  trace  of  iodine  it  forms  arsenic  iodide,  which 
evaporates  immediately,  leaving  lustrous  crystalline  arsenic  behind. 

A  new  form  has  recently  been  prepared,  namely,  yellow  arsenic,  by  distilling  black  arsenic 
in  vacuo  at* 450°  in  a  dark  chamber  with  a  red  light.  The  vapours  which  distil  are  condensed 
in  a  vessel  surrounded  with  liquid  air.  Under  the  action  of  light  or  heat  it  is  immediately 
transformed  into  black  arsenic. 

On  heating  arsenic  in  an  indifferent  gas  such  as  COj  at  450°  it  sublimes  without  meltin^g, 
but  when  exposed  to  strong  pressure  and  heated  in  closed  tubes  it  melts.  The  vapours  of 
arsenic  are  yellowish  ;  the  vapomr  density  indicates  a  tetratomic  molecule,  As^.  At  1700° 
it  dissociates  into  diatomic  molecules,  As2.  On  heating  in  the  air  it  catches  fire  at  180°, 
burning  with  a  weakly  bluish  flame  and  giving  off  an  odour  of  garlic  with  formation  of 
arsenious  oxide,  A82O8.  When  gently  heated  under  the  influence  of  light,  yellow  arsenic, 
AS4,  is  first  transformed  into  brown  arsenic  As2,  and  then  into  metallic  arsenic  As,  which  is 
monatomic  and  a  conductor  of  electricity.  A  form  p{  arsenic,  Asg,  also  appears  to  exist, 
and  is  insoluble  in  various  solvents.  It  catches  fire  in  an  atmosphere  of  chlorine,  and  com- 
bines with  various  metals  in  a  similar  manner  to  sulphur,  but  in  all  its  other  properties 
is  more  closely  related  to  nitrogen ;  at  the  same  time  it  has  certain  metallic  characteristics. 

The  metallic  arsenides  and  sulphides  are  isomorphous  and  replace  one  another  recipro- 
cally atom  for  atom — ^for  example,  FeSg,  FeAsS,  FeAs2,  although  sulphur  is  divalent  and 
arsenic  trivalent. 

Metallic  arsenic  is  only  used  to-day  in  the  manufacture  of  small  shot,  and  costs  £6  16^. 
per  100  kilos  when  pure  and  crystalline  ;  the  impure  commercial  product  (80  per  cent.) 
costs  £5  I2s,  per  100  kilos. 

In  1905  Germany  produced  4913  tons  of  arsenical  minerals  and  Italy  451  tons,  valued 
at  £1010  (in  1908). 

ANTIMONY  (STIBIUM) :    Sb,  120.2 

This  element  is  found  in  nature  more  especially  as  the  sulphide  SbgSg, 
called  antimonitey  and  accompanies  arsenic  in  various  minerals. 

Its  appearance  is  more  metallic  than  that  of  arsenic,  and  although  it  has 
many  metallic  qualities  it  is  closely  connected  with  arsenic  and  phosphorus 
in  its  chemical  behaviour. 

It  is  prepared  by  heating  the  sulphide  in  presence  of  iron  : 

3Fe  +  SbgSa  =  3FeS  +  Sb^, 

and  is  purified  by  melting  it  with  saltpetre.  It  may  also  be  prepared  by 
first  heating  the  mineral  without  iron  in  presence  of  air;  the  sulphide 
then  bums  and  antimony  trioxide  remains,  SbgS  +  90  =  SbgOg  +  SSOg. 
The  trioxide  is  then  reduced  by  heating  with  carbon,  and  free  antimony  is 
obtained  which  is  the  purer  the  better  the  trioxide  has  been  purified. 

Antimony  has  a  lustrous  silvery  appearance,  and  forms  crystalline  aggre- 
gates of  the  same  character  as  those  of  arsenic.  It  has  a  specific  gravity  of 
6-7  and  is  friable  ;  it  melts  at  140°  and  evapdrates  between  1500°  and  1700°. 
It  does  not  oxidise  in  the  air  at  ordinary  temperatures,  but  when  heated  it 
burns  with  a  greemsh-blue  flame  forming  white  fumes  of  antimony  trioxide. 
It  bums  in  a  current  of  chlorine,  is  insoluble  in  HCI,  gives  antimonious  acid 
with  dilute  nitric  acid,  and  antimonic  acid  with  concentrated  nitric  acid. 

INDUSTRIAL  PREPARATION  OF  ANTIMONY.  The  antimony  sulphide  is  first  sepa- 
rated £rom  the  gangue  in  the  ore  by  heating  in  a  furnace  over  a  direct  flame,  on  a  sloping 
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floor  along  which  the  fused  sulphide  passes  into  a  channel,  which  then  carries  it  intp  a  vessel 
placed  outside.  The  sulphide  thus  purified  is  broken  into  pieces  and  placed  in  a  reverbe- 
ratory  furnace  where  it  is  continuously  stirred  until  completely  transformed  into  antimony 
oxide,  81)208.  After  this  roasting  process  the  mass  is  mixed  with  soda  and  carbon,  placed 
in  crucibles  and  heated  in  suitable  furnaces.  The  fused  antimony  separates  and  forms  a 
single  mass  which,  when  allowed  to  soUdify  slowly,  is  transformed  into  a  characteristic 
striated  crystalline  mass  which  may  be  purified  from  the  last  traces  of  arsenic  by  melting 
it  repeatedly,  first  with  a  little  antimony  sulphide  and  soda  and  then  with  soda  alone,  until 
the  slag  has  a  light  yellow  colour. 

Antimony  may  be  also  obtained  from  the  sulphide  by  heating  it  with  iron,  the  following 
mixture  being  used :  65  per  cent,  of  antimony  sulphide,  27  per  cent,  of  spongy  iron,  6  per 
cent,  of  calcined  sodium  sulphate,  and  2  per  cent,  of  charcoal.  The  most  economical  is  the 
EngUsh  process,  in  which  the  mineral  containing  the  antimony  is  charged,  whilst  already 
hot,  into  a  furnace  containing  iron  sulphide  and  molten  iron.  The  antimony  separates 
rapidly  and  may  then  be  refined. 

The  industrial  preparation  of  antimony  by  the  electrolytic  process  of  Siemens  and  Halske 
(1893)  has  been  attempted,  by  electrolysing  the  double  salts  obtained  by  dissolving  anti- 
mony sulphide  in  alkali  sulphides  or  hydrosulphides.  30  per  cent,  of  antimony  sulphide, 
8b2S3,  is  mixed  with  66  per  cent,  of  sodium  sulphide  crystals  (of  the  formula  Na2S.9H20) 
and  3  per  pent,  of  sodium  chloride.  The  process  was  improved  in  1902  by  Izart  and  Thomas. 

APPLICATIONS  AND  PRODUCTION.  This  element  has  now  acquired  importance 
because  it  is  an  essential  component  of  many  metallic  alloys  which  are  largely  used,  for 
example,  hard  lead,  and  type  metals  which  contains  about  25  per  cent,  of  Sb,  10  to  20  per 
cent,  of  tin,  a  little  copper,  nickel,  bismuth,  and  the  remainder  of  lead. 

Hard  lead  is  used  in  many  chemical  industries,  and  consists  of  lead  containing  10  to 
16  per  cent,  of  antimony. 

When  mixed  with  tin  it  forms  Britannia  metal.  When  alloyed  with  zinc,  copper,  &c., 
it  forms  white  metal  (anti-friction  metal),  which  is  much  used  for  bearings  in  place  of  the 
harder  alloys  containing  much  tin.  It  is  used  for  mineral  p'gments  which  are  not  poisonouti 
and  which  resist  light  better  than  zinc  oxide. 

The  product  which  is  known  commercially  as  *'  antimonium  crudum  "  is  not  really 
crude  antimony  but  the  sulphide  (81)283),  and  is  used  more  especially  for  fireworks. 

Germany  produced  2794  tons  of  antimony  in  1905  ;  the  price  has  varied  during  the 
last  few  years  from  £48  to  £100  per  ton.  The  chemically  pure  metal  costs  5«.  Id,  per  kilo. 
Italy  produced  7892  tons  of  antimony  ores  in  1907  and  2841  tons  in  1908,  valued  at 
£11,224,  and  345  tons  of  metallic  antimony  in  1908  valued  at  £9058  ;  the  imports  of 
antimony  metal  were  49-7  tons  in  1906  and  152-7  tons  in  1908,  valued  at  £10,384.  In  Asia 
Minor  about  1000  tons  of  antimony  were  produced  in  1907,  but  when  the  price  is  higher 
more  is  produced.     Ores  containing  50  to  55  per  cent,  of  antimony  cost  £14  per  ton. 

EXPLOSIVE  ANTIMONY.  If  a  solution  of  antimony  trichloride,  containing  at  least 
10  per  cent.,  is  electrolysed  with  one  antimony  and  one  platinum  electrode,  a  lucent  metallic 
coating  is  formed  on  the  latter  which  explodes  violently  when  rubbed  with  another  sub- 
stance. Gore,  who  first  studied  it  in  1858,  found  that  it  was  formed  of  93*5  per  cent,  of 
antimony,  0-5  per  cent,  of  HCJl,  and  6  per  cent,  of  8bG3,  and  the  latter  substance  could  not 
be  extracted  vnth  ordinary  solvents  ;  therefore  Cohen  (1903)  has  pointed  out  that  electro- 
lytic antimony  cannot  be  used  for  atomic  weight  determinations.  The  cause  of  this  special 
property  of  antimony  is  not  at  present  known. 

HYDROGEN  COMPOUNDS  OF  N,  P,   As,  Sb 

These  elements  combine  with  three  atoms  of  hydrogen,  but  other  less 
important  hydrogen  compounds  are  known. 

The  basic  character  of  these  hydrides  diminishes  with  increase  of  the 
molecular  weight  and  finally  disappears.  Ammonia,  NH3,  has  an  alkaline 
reaction  and  is  a  strong  base  which  easily  forms  ammoniacal  salts  with  acids. 
Hydrogen  phosphide,  PH3,  is  already  less  basic  and  combines  with  HBr  and 
HI  only  at  ordinary  temperatures.  Arsenic  hydride,  AsHg,  and  antimony 
hydride,  SbHs,  no  longer  have  any  basic  characters. 
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AMMONIA:  NH3,  17  \ 

This  compound  is  found  combined  with  certain  acids,  in  the  air,  in  natural 
waters,  and  in  the  soil,  but  always  in  small  quantities.  It  is  present  abun- 
dantly as  ammonium  sulphate  in  the  sojfioni  of  Tuscany  and  is  found  as 
ammonium  carbonate  in  the  large  guano  deposits  of  Peru. 

Ammonia  was  studied  by  ilS'iestley,  who  called  it  alkaline  air ;  its  com- 
position was  determined  by  BerthoUet  in  1785. 

FORMATION.  It  is  formed  from  hydrogen  and  nitrogen  in  small 
quantities  (2  per  cent.)  by  means  of  the  electric  discharge,  but  in  the  presence 
of  moisture,  as  in  the  atmosphere,  ammonium  nitrate  is  directly  obtained : 
N2  +  O  +  2H2O  =  NO3NH4.  On  the  other  hand,  ammonium  nitrite, 
NO2NH4,  is  obtained  whenever  combustion  occurs  in  the  air  and  in  the 
electrolysis  of  aerated  water  :  Ng  +  2H2O  =  NO2NH4.  A  mixture  of  NO  and 
H  in  presence  of  Pt  or  of  FcgOg  also  gives  NH3  on  heating. 

On  dissolving  certain  metals,  such  as  zinc,  in  dilute  nitric  acid,  the  nascent 
hydrogen  reduces  the  nitric  acid  :  NO3H  +  4H2  =  SHjO  +  NHg,  and  thus 
ammonium  nitrate  is  obtained  together  with  the  zinc  nitrate.  Salts  of  nitric 
acid  are  also  reduced  by  nascent  hydrogen  in  alkaline  solution  with  production 
of  ammonia. 

Its  formation  from  magnesium  nitride,  NgMgs,  is  interesting ;  this  sub- 
stance is  obtained  by  passing  N  over  red-hot  Mg,  and  reacts  vigorously  with 
water  to  form  ammonia  :   MggNg  +  SHjO  =  3MgO  +  2NH3. 

A  large  source  of  ammoniacal  salts,  and  the  only  one  until  some  time  ago, 
is  the  putrefaction  and  decomposition  of  nitrogenous  organic  matter  or,  better 
still,  its  dry  distillation.  It  was  obtained  in  this  way  from  urine,  camel's 
dung,  &c. 

To-day  ammonia  is  obtained  almost  exclusively  by  distilling  the  gas  liquor 
obtained  in  the  manufacture  of  illuminating  gas,  which  is  prepared  by  the 
distillation  of  coal,  although  during  the  last  few  years  certain  other  industrial 
processes  have  been  tried  {see  below). 

It  is  prepared  in  the  laboratory  by  heating  a  mixture  of  solid  ammonium 
chloride  and  slaked  lime  mixed  to  a  paste  in  a  glass  or  iron  flask  on  a  sand- 
bath  : 

2NH4CI  +  Ca(0H)2  =  CaCla  +  2H2O  +  2NH3. 

It  is  collected  over  mercury  because  it  is  very  soluble  in  water.  It  is 
dried  by  passing  it  over  quicklime  (CaO),  and  not  over  calcium  chloride,  with 
which  it  combines.  .It  may  also  be  collected  by  displacement  of  air  in  an 
inverted  cylinder,  as  it  is  lighter  than  air. 

PHYSICAL  PROPERTIES.  Ammonia  is  a  colourless  gas  with  an  intense, 
sufltocating  odour  ;  it  has  a  density  of  0*56  (air  =  1)  at  10°,  and  at  a  pressure 
of  6-5  atmospheres  or  at  —40°  at  the  ordinary  pressure  it  is  converted  into 
a  colourless  mobile  Uquid  of  sp.  gr.  0-623  (water  =  1)  which  boils  at  —33-6° 
and  solidifies  at  —85°. 

One  volume  of  water  at  0°  dissolvesill46  vols,  of  ammonia,  and  at  20°  about 
739  vols.,  so  that  one  part  by  weight  of  water  dissolves  0*626  part  by  weight 
of  NH3.  A  saturated  aqueous  solution  at  16°  contains  35  per  cent,  by  weight 
of  NH3  and  has  a  specific  gravity  of  0-880.  In  its  aqueous  solutions  the 
specific  gravity  becomes  less  as  the  quantity  of  dissolved  ammonia  becomes 
greater,  as  is  seen  from  the  Table  on  the  following  page. 

On  heating,  all  the  NH3  is  evolved  from  aqueous  solutions  and  pure  water 

remains.      When  ammonia  dissolves  in  water  much  heat  is  evolved,  and 

much  is  absorbed  when  it  is  evaporated  or  liberated,  and  these  properties 

were  practically  utilised  for  the    first   time   by   Carr6  for  the  preparation 
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of  artificial  ice  from  water.  When  a  solution  of  NH3  which  is  kept 
•saturated  is  cooled  to  —79°,  thin  crystals  of  NHj.HgO,  containing  48*6  per 
cent,  of  NH3,  separate,  together  with  thick  crystals  of  (NH8)2H20  containing 
65-4  per  cent,  of  NH3.  A  solution  containing  33  per  cent,  of  NH3  becomes 
very  dense  and  viscous  at  —100°. 

CHEMICAL  PROPERTIES.  On  passing  electric  sparks  through  ammonia 
for  a  long  time,  or  on  heating  it  to  above  600°,  it  decomposes  to  the  extent  of 
98  per  cent. 

Ammonia  does  not  bum  in  the  air,  but  bums  in  oxygen  with  a  yellowish 
flame,  yielding  free  nitrogen,  nitric  oxide,  and  ammonium  nitrite.  When 
magnesium  is  heated  in  a  current  of  NH3  it  catches  fire,  forming  hydrogen 
and  magnesium  nitride  :  3Mg  +  2NH3  =  Mg3N2  +  SHj  ;  potassium  acts 
similarly  :  3K  +  NH3  =  NK,  +  3H. 

If  a  current  of  chlorine  is  passed  into  a  flask  fidl  of  ammonia  the  chlorine 
catches  fire  and  continues  to  bum,  forming  white  vapours  of  ammonium  chloride 
together  with  nitrogen :  NH3  +  301  =  3HC1  +  N,  and  3NH3  +  3Ha  =  3NH4CI. 

In  aqueous  solution  or  in  the  state  of  gas  it  has  always  a  strongly  basic 
action  {see  explanation  in  Part  III  in  chapter  on  Ammonium)  and  saturates 
acids  forming  salts  analogous  to  those  of  the  alkali  elements,  potassium  and 
sodium  : 

2NH8  +  SO4H2  =  S04(NH4)j  analogous  to  SO4K2  and  SO^^sl^, 
NH3  +  HCI3    =NH4a  „  „    KCl       „    NaQ,  &c. 

Thus  the  group  NH4,  which  is  called  ammonium^  may  be  considered  almost  as 
an  element,  and  in  its  behaviour  it  is  similar  to  the  alkali  metals  and  even 
forms  an  amalgam  with  mercury  in  the  same  way  as  these  do  (see  Part  III). 
Its  salts  are  called  ammonium  salts  and  their  ammonia  may  be  eliminated 
by  the  action  of  more  energetic  bases  such  as  lime,  sodium  hydroxide,  Scg,  : 

2NH4a  +  CaO  =  2NH3  +  CaCla  +  HaO. 

Traces  of  ammonia  are  detected  by  means  of  Nessler's  reagent  {see  Analysis 
of  Water,  p.  214,  and  Mercury  Iodides). 

The  heat  of  formation  of  NH3  from  its  elements  is  60*2  Kj.  (12,000  cals.) 
and  it  develops  a  further  31*1  Kj.  on  dissolving  in  water. 
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The  constitution  of  ammonia  may  be  determined  from  its  analysis,  that  is  to  say,  from 
its  percentage  composition,  and  the  density  of  the  gas,  and  directly  by  the  electrol3rtio 
decomposition  of  aqueous  solution  of  ammonia  in  a  Hofmann  voltameter,  the  ammonia 
solution  being  saturated  with  sodium  chloride,  which  renders  it  more  conductive  ;  at  the 
negative  pole  3  vols,  of  hydrogen  are  separated,  and  1  vol.  of  nitrogen  at  the  positive  pole, 
80  that  the  ammonia  decomposes  forming  3  vols,  of  H  and  1  of  N.  On  passing  the  electric 
spark  through  a  definite  volume  of  ammonia  for  some  time,  it  is  completely  decomposed 
into  N  and  H,  forming  a  volume  double  that  of  the  NH3  :  2  vols.  NH3  «=  1  vol.  N2  +  3 
vols.  Hs. 

INDUSTRIAL  PREPARATION  OF  AMMONIA 

The  only  natural  salts  which  are  utilised  for  this  purpose  are  the  ammonium 
sulphides  of  the  soffioni  of  Tuscany.  From  four  soffioni  1500  kilos  of 
ammonium  sulphate  have  been  extracted  in  twenty-four  hours  together  with 
150  kilos  of  boric  acid,  1750  kilos  of  magnesium  sulphate,  and  750  kilos  of 
iron  and  magnesium  sulphates. 

A  small  quantity  of  ammonia  is  also  prepared  from  beet-sugar  residues 
(molasses),  which  contain  nitrogenous  organic  substances  (betaine  and  aspartic 
acid),  which  yiel4  ammonia  and  trimethylamine  on  dry  distillation.  This 
latter  compound  is  in  turn  decomposed  by  HCl  forming  ammonium  chloride 
and  methyl  chloride,  CH3CI.  Ammonia  is  also  obtained  from  putrefied  urine 
by  Figuera's  process  (at  Chicago,  for  example,  the  putrefied  urine  from  the 
large  slaughter-houses  for  the  pigs  is  utilised).^ 

We  must  also  mention  the  industrial  preparation  of  NH3  from  atmospheric 
nitrogen  by  means  of  calcium  cyanamide  and  steam  or  hot  water  under 
pressure  {see  p.  310)  and  also  by  the  catalytic  process  from  its  elements  (Ostwald 
and  also  the  Badische  Anilin  und  Sodafabrik  ;  Fr.  Pat.  406,943  of  1909). 

Almost  the  whole  of  the  ammonia  which  is  prepared  to-day  is  derived 
from  the  gas  water  of  gasworks,  and  from  the  distillation  of  coal  during  the 
preparation  of  metallurgical  coke  (see  vol.  ii,  "  Organic  Chemistry  ").* 

In  order  to  liberate  the  ammonia,  these  ammoniacal  liquors  are  distilled  with  lime 
(not  more  than  5  per  cent,  of  the  weight  of  the  NH3  gas)  and  the  ammonia  is  absorbed  by 
strong  sulphuric  acid.  Crystallised  ammonium  sulphate  is  thus  directly  obtained  and  i& 
easy  to  handle  and  transport. 

A  very  simple  apparatus  used  in  many  works  is  that  of  Lunge  (Fig.  140).  The  cold 
ammoniacal  liquor  passes  into  the  reservoir,  (2,  and  there  cools  the  coil  which  carries  the 
ammoniacal  vapours  from  the  pan,  a,  into  which  the  ammoniacal  liquor  passes  through  the 
tube,  e,  from  the  vessel,  d  ;  6  is  a  stirrer  for  preventing  the  lime  from  settling  on  the  bottom  ; 
^  is  a  valve  from  which  the  exhausted  liquor  is  discharged  through  the  tube,/.  When  the 
gas  liquor  in  dis  sufficiently  heated  it  evolves  vapours  which  escape  through  the  tube,  i, 
and  join  those  proceeding  from  the  boiler  ;  A;  is  a  washing  vessel  for  the  ammoniacal  vapours, 
which  are  then  absorbed  by  strong  sulphmic  acid  in  the  vessel,  /,  which  is  lined  with  lead. 
The  sulphuric  add  passes  into  this  saturator  from  the  reservoir,  O,  through  the  syphon,  P ; 
the  crystals  of  ammonium  sulphate  are  collected  with  a  ladle  into  a  perforated  bucket,  S, 
which  is  lifted  by  means  of  a  counterpoise.  The  evil -smelling  gases  which  are  not  absorbed 
by  the  strong  sulphuric  acid  contain  hydrogen  sulphide  and  cyanogen  compounds.  These 
gases  cannot  be  led  directly  up  the  chimney  because  they  would  cause  annoyance  in  the 

■  During  the  (enneiitation  of  urine  the  urea  which  it  contains  is  transformed  into  ammonium  carbonate, 
CO(NHt)t  +  2HiO  =  C0,(NH4)„  and  this  is  readily  decomposed  on  heating,  forming  CO,  +  2NH,  +  H,©. 
Every  adult  person  produces  30  grms.  of  urea  daily,  corresponding  to  an  annual  production  of  more  than  20  kilos 
of  ammonium  sulphate,  so  that  the  urine  of  the  inhabitants  of  Milan  would  suffice  for  the  annual  production  of 
more  than  10,000  tons  of  ammonium  sulphate. 

*  Of  the  nitrogen  contained  in  coal  (up  to  li  per  cent.)  only  15  per  cent,  is  transformed  into  NH,  and  35  per 
cent,  ifl  evolved  as  free  nitrogen,  because  in  the  retort  in  which  the  coal  is  distilled  a  temperature  of  1200°  is  reached 
whilst  ammonia  abready  commences  to  diasfX'iate  into  H  and  N  at  500° ;  48  per  cent,  of  the  nitrogen  of  the  coal 
remains  in  the  coke.  If  NH^  liad  a  higher  value  it  would  be  possible  to  increase  the  yield  during  ga.s  manufacture 
by  dlatUllng  the  carbon  in  presence  of  steam,  which  carries  off  the  NH,  and  lowers  the  temperature. 

According  to  the  quality  of  the  coal  the  animoniacal  liquor  frr ni  gasworks  contains  from  12  to  35  grms.  of 
KHs  per  litre,  largely  in  the  form  of  ammonium  carbonate  and  sulphide  and  in  smaller  quantities  as  chloride 
cyaoide,  and  sulphocyanide. 
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neighbourhood  ;  it  is  therefore  pcafecable  to  bom  them  by  posing  them  into  the  heortli 
of  a  ftimace  containing  red-hot  coal,  or  the  cyanogen  compounds  which  they  contain  may 
be  utilised  by  passing  tliem  through  suitable  solutions,  afterwards  utilidng  the  hydrogen 
sulphide  in  a  Claus  kiln  for  the  recovery  of  the  sulphur,  or  they  may  be  absorbed  by  iron 
oxide  {see  Fart  III,  Leblano  Soda). 

The  moat  widely  s]»ead  forms  of  apparatus  in  practice  are  those  based  on  the  principle 
of  Savalle's  rectifying  column,  such  as  is  used  in  spirit  distilleries.  Among  the  many  forms 
which  arc  used  (Beckton,  Mallet,  Garcis,  Solvay,  Feldmann,  &c.)  one  of  the  most  perfect, 
which  yields  very  good  results,  is  the  new  apparatus  of  Qriineberg  and  Blum,  which  com- 
pletely exhausts  the  ammoniacol  liquor  until  only  one  part  of  NHg  remains  per  10,000  ports 
of  waUir,  and  is  capable  of  treating  30  to  50  cu.  metres  of  liquor  per  twenty-four  hours. 

The  ammoniacal  liquor  passes  through  the  tube,  a,  into  the  prc-heater,  B  (Fig.  141), 
and  from  there  through  the  tube,  b.  into  the  rectifying  column.  A,  where  it  descends  and 
encounters  the  hot  vapours  which  pass  up  from  below.  At  the  bottom  of  the  column  the 
liquid  passes  through  the  tube, «,  into  the  vessel,  F,  containing  milk  of  lime,  which  decom- 
poses the  ammoniacal  salts  and  liberates  ammonia.     When  the  liquidinF  rises  to  the  level 
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of  the  tube.  /.  it  passes  into  the  vessel,  g,  and  when  this  is  full  it  overflows  into  h,  and 
over  the  circular  plates  which  are  arranged  in  steps.  In  this  way  the  quantity  of  Uquor 
which  covers  the  first  step  gradually  expands  over  wider  and  wider  surfaces  as  it  descends 
because  the  circumference  of  the  circular  steps  increases,  and  thus  the  layer  of  liquid 
gradually  becomes  thinner.  In  the  chamber  surrounding  the  steps  there  is  a  series  of 
concentric  vortical  diaphragms. »,  which  pass  down  almost  to  the  level  of  the  steps,  forcing 
a  current  of  steam  proceeding  from  the  boiler,  0,  and  the  tube,  d,  to  traverse  the  liquid 
surface  as  it  passes  down  the  steps  in  such  a  way  that  even  the  lost  traces  of  ammonia  are 
completely  removed.  The  oihausted  water  is  discharged  by  the  hydrauhc  syphon,  i ;  the 
steam  and  ammonia  ascend  through  the  tubes,  m,  and  are  forced  by  the  tubes,  n,  to  pass 
through  the  milk  of  hme  in  F,  being  thus  further  enriched  with  ammonia,  and  then  pass 
up  the  rectifying  column  whore  tllo  water  is  separated.  Tho  ammonia,  on  the  other  hand, 
issues  from  the  top  of  the  column  from  the  tube,  p,  and  passes  into  the  saturator,  D,  ooa- 
taining  HjSO^.  Tho  moist  ammonia  passes  into  sulphuric  acid  of  60°  B6.  During  normal 
working  the  acid  in  the  saturator  is  maintained  between  32"  and  35°  B£.,  the  acid  which 
is  removed  in  the  form  of  crystaUised  ammonium  sulphate  being  replaced  by  fresh  quan- 
tities of  acid  of  60°  B6.  The  acid  in  which  the  crystals  of  ammonium  sulphate  float  passes 
.  along  a  tube  provided  with  a  steam  injector  into  a  leaden  box  with  an  inclined  bottom, 
where  the  crystals  arc  deposited  ;  these  are  then  centrifugated  whilst  the  decanted  acid 
is  returned  to  the  saturator.  The  evil -smelling  gases  containing  H^S  which  are  collected  in 
g  pass  through  the  tubes,  r  and  a.  and  into  a  furnace,  whore  they  are  burnt,  or  the  cyanogen 
and  sulphur  compounds  are  utilised  as  described  above  or  are  absorbed  by  natural  ferric 
hydroxide.  The  pump,  <7,  is  used  for  passing  the  milk  of  time  into  F. 
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Hie  wliols  of  the  apparatus,  the  pipea  luul  uteoaila,  used  in  the  manufacture  of  ammonia 
must  be  made  of  cast  or  wrought  iron.  There  must  be  no  copper  or  brass  parts  because 
these  are  strongly  attacked  by  NH,. 

If  the  preparation  of  aqueous  ammonia  is  desired  instead  of  ammonium  milphato,  the 
sulphuric  acid  in  the  separator  must  be  replaced  by  water  which  is  kept  very  cold.  In 
order,  however,  to  obtain  ammonia  free  from  gaseous  impurities  such  as  H^S,  CO;,  Ac,  it 
is  desirable  to  add  milk  of  lime  to  the  ammoniacal  liquor  from  the  beginning.  The  gaw  ous 
ammonia  which  escapes  at  the  top  of  the  rectifying  column  is  passed  through  a  washer 
containing  a  paale  of  milk  of  lime  and  ferric  hydroxideor  through  sodium  hydroxide  solution 
before  being  absorbed. 

Crude  commercial  ammonia  has  a  yellow  colour  due  to  sulphides,  pyridine  compounds, 
and  tarry  matter,  and  must  be  purified  by  distilling  it  in  presence  of  a  little  potassium 
permanganate. 


Fio.  111. 

In  certain  cases  NHg  is  also  obtained  from  animal  refuse,  such  as  solid 
excrement,  horns,  hides,  nails,  tendons,  cuttings  from  hides,  woollen  waste, 
corpses  of  animals,  &c.  These  substances  contain  12  to  18  per  cent,  of  nitrogen 
and  on  dry  distillation  yield  an  animal  oil  rich  in  organic  bases,  such  as  pjTidine, 
picoline,  lutidine  and  collidine,  together  with  cyanides,  ammonium  sulphide, 
and  more  particularly  ammonium  caibonate.  Such  substances  are  treated 
in  iron  retorts  similar  to  those  used  in  the  manufacture  of  lighting  gas. 

Pure  ammonia  is  obtained  according  to  Frerichs  (U.S.  Pat.  905,415  of 
December  1908)  by  first  heating  commercial  ammonium  sulphate  to  200° 
to  decompose  organic  impurities  and  then  to  350°  to  400°,  at  which  temperature 
NHj  and  {NHi\SiOj  are  formed. 

According  to  a  patent  of  Ireland  and  Suyden  of  London  (GJer.  Pats.  175,401 
of  1903  and  176,606  and  180,141  of  1905),  ammonia  is  formed  from  the  atmo- 
spheric nitrogen  by  passing  into  a  cylinder  filled  with  peat  and  heated  to  400° 
a  current  of  hot  air  and  of  atomised  water  in  such  a  maimer  as  to  maintain 
a  temperature  of  400°,  as  the  reaction  is  exothennic.  The  quantity  of  air 
is  regulated  in  such  a  mamier  as  to  bum  the  peat  in  four  to  six  hours.  The 
gases  then  pass  into  a  tower  filled  with  pebbles  or  charcoal  in  order  to  retain 
dust  and  tar,  and  then  into  a  second  tower  similar  to  the  preceding  one,  but 
through  which  a  hot  solution  of  soda  or  of  lime  passes  in  order  to  absorb  the 
acetic  acid  ;  they  are  finally  passed  through  two  other  towers  down  which 
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hot  sulphuric  acid  is  passed  to  absorb  the  ammonia.     12*5  kilos  of  crystallised 
ammonium  sulphate  are  obtained  from  300  kilos  of  peat.      Coke,  coal,  wood, 
lignite,  &c.,  may  be  used  instead  of  peat.     In  an  almost  identical  patent 
(Eng.  Pat.  8358  of  1906)  Woltereck  starts  from  the  fact  that  on  passing  H  and  N 
over  almost  red-hot  reduced  iron  ammonia  is  formed,  and  he  replaces  the 
necessary  hydrogen  by  moist  peat  containing  65  to  75  per  cent,  of  water, 
whilst  by  other  processes  dry  peat  is  used.     At  Carnlong,  in  England,  a  similar 
plant  gives  a  yield  of  5  to  7  per  cent,  of  ammonium  sulphate  calculated  on 
the  dry  peat,  1  per  cent,  of  acetic  acid,  and  3J  to  6J  per  cent,  of  tar  and 
paraffin.     The  cost  of  production  of  the  ammonium  sulphate  is  £4  16«.  to  £6 
per  ton.     It  appears,  however,  that  the  ammonia  is  formed  from  the  nitrogen 
in  the  peat  of  which  about  60  to  85  per  cent,  is  transformed  into  ammonia 
(dry  peat  contains  2  to  2|  per  cent,  of  nitrogen).     In  this  process  combustible 
power  gas  is  not  obtained  as  is  the  case  in  the  processes  of  Mond  and  of  Frank 
and  Caro,  although  it  appears  that  in  practice  this  cannot  be  very  remunerative.^ 
Effront  beats  up  the  peat  with  6  to  7  per  cent,  of  water  and  2  to  3  kilos 
of  sulphuric  acid  per  100  kilos  of   peat,  and  heats  the  mass  under  pressure 
at  three  atmospheres  ;    he  then  renders  it  alkaline  with  lime,  and  at  43'' 
adds  40  grms.  of  aluminium  sulphate,  20  grms.  of  superphosphate  and  con- 
siderable quantities  of  alcoholic  ferments  cultivated  in  extracts  of  molasses 
or  of  cereals  (Ger.  Pat.  215,531  of  1908).     When  the  fermentation  is  completed 
the  alcohol  is  distilled  and  collected  separately  from  the  ammonium  salts. 
In  a  similar  manner  Effront  obtains  ammonia  and  organic  acids  from  the 
residues  of  distilleries  which  contain  amino -acids. 

ANALYTICAL  TESTS.  The  strength  is  usually  determined  by  means  of  the  density 
{see  Table,  p.  322) ;  when  the  product  is  pure  it  should  not  leave  any  residue  on  evaporation 
in  a  capsule  ;  on  adding  HNOs  and  AgNOa  no  opalescence  due  to  chlorides  should  appear, 
nor  should  there  be  any  turbidity  on  satitrating  with  HCl  and  adding  barium  chloride 
(sulphates) ;  no  turbidity  should  be  caused  with  excess  of  lime-water  (carbonates) ;  10  c.c. 
to  which  20  c.c.  of  dilute  sulphuric  acid  (1  :  3)  have  been  added  shotdd  remain  coloured 
with  one  drop  of  decinormal  permanganate  (tarry  matter).  The  ammonia  in  ammoniacal 
compounds  is  determined  by  treating  them  with  excess  of  sodium  hydroxide  and  distilling 
in  a  current  of  steam.  All  the  ammonia  distils  and  is  condensed  in  a  titrated  solution  of 
normal  acid  coloured  with  methyl  orange  ;  the  excess  of  acid  is  then  titrated  back  with 
normal  soda  ;  1  o.c.  of  normal  acid  corresponds  to  0*017  grm.  of  NH3. 

PURE  LIQUID  AMMONIA,  free  from  water,  is  prepared  by  distilling  the 

*  By  the  Mond  process  the  nitrogen  contained  in  coal  of  poor  quality,  lignite,  and  peat  is  utilised  by  being 
transformed  into  ammonia.  These  fuels  are  burnt  in  gas-producers  in  presence  of  a  little  air  and  an  excess  of 
superheated  steam.  A  gas  is  thus  distilled  which  yields  its  ammonia  to  the  condensed  water,  or  in  towers 
moistened  with  a  spray  of  sulphuric  acid,  and  the  gas  is  then  used  to  drive  gas-motors  producing  considerable 
quantities  of  mechanical  energy. 

Dr.  Caro  applied  this  process  to  the  waste  coal  from  the  mines,  containing  up  to  60  per  cent,  of  ash,  and  obtained 
in  the  crushing  and  washing  of  the  coal.  Frank  and  Caro  applied  the  same  process  to  moist  peat  containing  40  to 
65  per  cent,  of  moisture,  and  in  an  industrial  test  made  in  1908  on  350  tons  of  peat  containing  1  to  0*5  per  cent, 
of  nitrogen  and  3  per  cent,  of  ash  (referred  to  the  dry  peat)  they  obtained  from  each  ton  of  dry  fuel  2800  cu.  metres 
of  gas,  which  when  freed  from  tar  contained  18  per  cent,  of  CO,,  10  per  cent,  of  CO,  24  per  cent,  of  H,  8  per  cent, 
of  methane,  44  per  cent,  of  nitrogen,  and  traces  of  oxygen,  and  had  a  calorific  power  of  1400  Gals,  per  cu.  metre. 
On  distilling  peat  containing  65  to  70  per  cent,  of  moisture  the  volume  of  gas  was  increased,  but  itscaloriflc  power 
was  diminished,  although  it  could  still  be  utilised  in  intcnial-combustion  engines  in  the  same  way  as  blast-furnace 
gases,  which  are  stUl  poorer,  and  also  for  heating  purposes.  Tlie  first  gas  produces  one  effective h.p.-bour  of  energy 
per  2*4  cu.  metres  of  gas,  and  therefore  1160  h.p.-hours  per  ton  of  dry  peat  per  hour ;  ttiat  is,  from  2  tons  of  peat 
containing  50  per  cent,  of  moisture.  The  gases  which  escape  from  the  gas-engine  have  a  temperature  of  500^, 
and  may  be  used  for  the  production  of  steam  in  boileis  which  is  used  in  the  producers  and  to  work  the  pump«^ 
&c.  In  this  way  one  may  calculate  a  net  yield  of  1000  h.p.  utUisable  in  other  ways.  Furthermore,  40  kiloa  of 
ammonium  sulphate  are  obtained,  so  that  77  per  cent,  of  the  nitrogen  contained  in  the  peat  is  utilised.  Peat  con- 
taining 2*8  per  cent,  of  nitrogen  (on  the  dried  matter)  gave  up  to  110  kilos  of  ammonium  sulphate  per  1000  kilos 
of  dry  matter. 

In  the  important  peat  beds  of  Tuscany  (Orentano)  in  1909  a  plant  was  erected  for  utflisation  of  dry  peat  con- 
taining 1*5  per  cent,  of  nitrogen ;  about  20  tons  of  the  peat  gave  210  tons  of  ammonium  sulphate,  45,000,OC>O 
cu.  motr(^s  of  ga.H,  and  about  2000  continuous  h.p.-hours,  that  i^,  about  3^  cu.  metres  of  gas  per  h.p.-hour ;  70 
tons  of  peat  are  worked  per  day,  costing  about  3«.  2d.  per  ton  at  the  works,  by  a  plant  which  costs  aboQt 
£12,000  and  is  very  remunerative.  The  peat  from  Codigoro  ferrarese  contains  about  2'5  per  cent,  of  nitrogen  on 
the  dried  substance.  Woltereck's  patent  (see  above)  differs  but  little  from  the  Mond  and  Frank  and  Caro  metiKxls 
of  working.    Dr.  Ekenberg  carbonises  peat  in  autoclaves  under  pressure. 
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concentrated  aqueous  solution  or  by  using  gas  directly  from  the  first  condensing 
tower.  In  either  case  it  is  dried  in  towers  containing  quicklime  and  then 
liquefied  in  steel  cylinders  by  means  of  a  pump,  6*5  atmospheres  being 
required  at  +  10°.  The  compressor  and  cylinders  are  similar  to  those  used 
for  the  liquefaction  of  sulphur  dioxide  (pp.  245-246).  The  product  may  be 
employed  in  the  manufacture  of  ice.  At  0°  it  has  a  specific  gravity  of  0-6233. 
It  boils  at  —32*5°  and  forms  a  mobile  colourless  liquid  which  solidifies  at 
—88-3°  arid  then  melts  at  —78-3°  ;  its  critical  temperature  is  +  131°.  Liquid 
ammonia  is  one  of  the  few  substances  which  have  a  higher  specific  heat  than 
water,  this  being  102  between  0°  and  20°.  Its  heat  of  evaporation  is  about 
300  Cals.  per  kilo,  but  varies  somewhat  with  the  temperature,  being  333  Cals. 
at  —40°  and  278  Cals.  at  +  40°.  The  vapour  pressure  of  liquid  ammonia  at 
—40°  is  270  grms.  per  square  centimetre  ;  at  0°  it  is  4360  grms.,  at  20°  8790 
grms.,  and  at  40°  16,000  grms.  The  requirements  demanded  of  commercial 
liquid  ammonia  are :  100  c.c.  should  leave  a  residue  of  less  than  0-5  c.c. ; 
1  grm.  of  liquid  ammonia  should  not  contain  more  than*  0*12  c.c.  of  foreign 
gases  in  solution  ;  the  vapours  of  NH3  above  the  liquid  ammonia  should  not 
contain  more  than  06  c.c.  of  other  gases  per  gramme. 

APPLICATIONS  AND  PRICES  OF  NH3.  Aqueous  commercial  ammonia  containing 
about  25  per  cent,  of  NH3  is  used  in  laundries,  dyeworks,  textile  print  works,  colour  factories, 
Sec.  (after  dilution),  and  costs  about  £20  per  ton  or  £8  if  it  contains  10  per  cent,  of  NH^. 
The  purest  aqueous  solution  costs  20  per  cent.  more.  Liquid  ammonia  free  from  water  is 
used  in  ice  factories  and  costs  up  to  la.  Id,  per  kilo  at  the  works,  which  does  not  include  the 
hire  of  the  steel  cylinders  {see  p.  177) ;  delivered  at  Milan  it  costs  about  2a,  4d.  per  kilo.^ 

In  1909  about  60  tons  of  liquid  ammonia  were  used  in  Italy,  almost  the  whole  of  which 
was  imported  from  Germany  and  Belgium,  a  small  quantity  only  being  produced  in  a  works 
at  Turin  (4  tons  in  1908  of  the  value  of  £320). 

In  1902  Italy  imported  79-8  tons  of  ammonia  in  solution  of  the  value  of  £1468  ;  in  1904 
only  66-2  tons  were  imported  of  the  value  of  £1218 ;  in  1906  129-6  tons  ;  in  1907  121  -4  tons  ; 
and  in  1908  146  tons  valued  at  £2470.  In  Italy  16,373  tons  of  ammoniacal  liquor  from  gas- 
works of  the  value  of  £3863  and  150  tons  of  commercial  aqueous  ammonia  were  produced 
valued  at  £1950. 

DIAMINE  OR  HYDRAZINE  :  N.H4,  or  H^ :  N  .  N :  H^ 

This  compound,  which  appears  to  be  derived  from  the  condensation  of  2  mols.  of  NH^, 
was  known  in  the  form  of  many  of  its  organic  derivatives,  but  had  not  been  obtained  in 
the  free  state ;  many  inorganic  derivatives  were  also  prepared  by  Curtius  after  1889, 
and  in  1896  Lobry  de  Bruyn  prepared  pure  diamine.  It  is  obtained  to-day  in  various 
ways  by  decomposing  its  hydrochloride  with  alcoholates  or  by  distilling  its  hydrate  with 
barium  oxide.  It  is  a  colourless  liquid  which  boils  at  113*5°  and  fumes  strongly  in  the 
air  ;  it  has  a  specific  gravity  of  1-003  at  23°  and  solidifies  at  0°.  It  is  not  explosive  and  is 
distinguished  from  ammonia  by  its  reducing  power. 

HYDRAZINE  HYDRATE  :  N2H4  .  HgO,  forms  an  energetic  base  similar  to  ammonia 
but  of  great  reducing  power,  and  readily  decomposes  silver  and  copper  salts. 

AZOIMIDE   OR    HYDR AZOIC    ACID :     N3H,    that   is :  ||    >NH.    It    was  first 

N^" 
prepared  by  Curtius  in  1890  from  the  corresponding  organic  derivatives.     He  then  obtained 
it  from  inorganic  substances  by  pouring  nitrous  acid  (liquefied  red  vapours  obtained  by 
the  action  of  arsenious  acid  on  nitric  acid)  into  hydrazine  hydrate  : 

H2N  .  NH2  +  NO2H  =  2H2O  -f-  NjH. 
It  is  also  obtained  in  aqueous  solution  by  distilling  metallic  hydrazides  with  dilute  sulphuric 
acid. 

*  The  cost  of  a  Bmall  plant  for  the  manufacture  of  10  cu.  metres  of  aqueous  ammonia  in  twenty-four  hours 
would  be  about  £200  for  the  distilling  apparatus,  including  the  pump  for  the  millc  of  lime  and  the  pipes.  The 
apparatus  for  obtaining  concentrated  aqueous  ammonia  with  15  per  cent,  of  NU,  comprises  a  reflux  condenser, 
two  condensing  vessels,  piping  and  coclcs,  and,  with  erection,  costs  £200.  In  order  to  obtain  more  concentrated 
Hoiutions  of  pure  aqueous  ammonia,  containing  30  per  cent,  of  NH«,  3  lime-waahors,  6  colce  filters,  and  two 
absorption  vessels  are  required  at  a  cost  of  about  £200. 
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When  pure  it  forms  a  mobile  colourless  liquid  of  very  pungent  odour,  which  boils  at 
37°  and  explodes  with  extraordinary  violence.  It  is  an  endothermic  compoimd  and  the 
heat  absorbed  in  its  formation  and  solution  is  -  260  Kj.  The  alkali  salts  are  not  explosive, 
but  its  alkaline  earth  and  other  salts  explode. 

NITROGEN  CHLORIDE  :  NCl^.  When  ammonia  reacts  with  an  excess  of  chlorine 
then  instead  of  free  nitrogen  {see  p.  288)  ammonium  chloride  is  first  formed  which  imme- 
diately produces  nitrogen  chloride :  NH4CI  +  SClg  «  4HC1  +  NCl^.  This  chloride  is  a 
yellow,  oily  liquid  of  disagreeable  odour  and  of  sp.  gr.  1*65.  It  is  extremely  dangerous 
to  handle,  and  the  slightest  shock,  even  rubbing  with  a  feather,  suffices  to  cause  a  violent 
explosion  due  to  the  extreme  facility  with  which  it  decomposes  into  its  elements.  It  is 
decomposed  by  means  of  concentrated  Hd  into  the  substances  from  which  it  is  formed, 
NCla  +  4HC1  —  3CI2  +  NH4CI  (inverse  reaction  to  the  reaction  of  formation). 

Aqueous  NHg  ^^  decomposes  it  slowly,  forming  N  +  NH4CI. 

NITROGEN  IODIDE  :  NI3.  If  ammonia  is  added  to  a  solution  of  iodine  in  potassium 
iodide  a  black  powder  of  NI2H  is  first  formed  and  then  N2I3H3  (»  NIs  +  NHs) ;  this 
separates  NIs  with  much  water.  These  compounds  are  extraordinarily  explosive  when 
dry,  being  exploded  even  by  the  slightest  friction.  HQ,  SO2,  and  H2S  easily  decompose 
these  nitrogen  iodides. 

IODIDE  OF  AZOIMIDE  (or  TRIAZOIODIDE) :  ||  >NI.    This  compound,  which 

was  prepared  in  1900,  appears  to  be  a  derivative  of  hydrazoic  acid  and  is,  in  fact, 
obtained  by  the  action  of  silver  azide  on  iodine  in  ethereal  solution  in  the  cold : 
NsAg  +  I.  -  Agl  +  NsL 

It  forms  a  bright  yellow  solid  substance  which  already  decomposes  with  water  and  is 
also  very  explosive.  * 

The  great  instability  and  explosibility  of  the  halogen  compounds  of  nitrogen  are 
explained  by  the  fact  l^at  they  are  strongly  endothermic, 

» 

HYDROGEN  PHOSPHIDE  (PHOSPHINE,  PHOSPHURETTED 

HYDROGEN)  :   PH3 

This  substance  is  formed  as  a  gas  by  the  action  of  nascent  hydrogen  on 
phosphorus.  It  is  also  obtained  by  treating  phosphonium  iodide  with  potassium 
hydroxide : 

PH4I  +  KOH  =  HjjO  +  KI  +  PH3. 

It  is  obtained  easily  in  a  less  pure  condition  mixed  with  liquid  hydrogen 
phosphide,  P2H4,  from  potassium  hydroxide  and  phosphorus  : 

P4  +  3K0H  +  3H^0  =  PH3  +  3PH^0.0K  (potassium  hypophosphite). 

The  reaction  is  carried  out  in  a  flask  completely  filled  up  to  the  stopper  with  a  concen- 
trated solution  of  potassium  hydroxide  (Fig.  142) ;  two  or  three  pieces  of  white  phosphorus 
are  then  added,  and  the  flask  is  well  closed  with  a  cork  stopper  provided  with  a  delivery 
tube,  filled  with  water,  dipping  into  tepid  water  in  such  a  way  that  no  air  remains  in  the 
flask,  hi  order  to  avoid  the  formation  of  the  explosive  mixture :  O  +  PHa.  The  flask 
is  then  heated  with  a  small  flame  and  bubbles  of  PH3  gas  are  evolved ;  these  ignite  in 
contact  with  the  air  as  they  are  produced,  forming  rings  of  white  smoke  which  enlarge  as 
they  rise  in  the  air  ;  the  ignition  in  the  air  is  due  to  the  presence  of  liquid  hydrogen  phos- 
phide, PftHi,  which  is  present  in  small  quantities.  If  the  gas  is  first  passed  through  a 
cooled  glass  tube  or  is  washed  with  alcohol,  ether,  or  HCl,  which  absorb  the  P2H4,  it  no 
longer  catches  fire  in  the  air. 

PH3,  mixed  with  P2H4,  is  also  obtained  from  calcium  phosphide,  Ca3P2,  and 
HCl :  P8Ca3  +  6HC1 »  2PH3  +  SCaCls.  It  is  also  obtained  by  heating  phosphorous 
acid  :  4PO3H3  ««  PH3  +  3PO4H3  (phosphoric  acid).  Calcium  phosphide  may  now  also  be 
prepared  by  the  Goldschmidt  process  (1910)  by  heating  the  phosphate  with  aluminium 
powder  (see  Thermite). 

Hydrogen  phosphide  is  a  colourless  gas  with  a  disagreeable  odour  of  garlic  ;  it  is  very 
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pobonoua  even  when  diluted  with  much  air  (1  to  10,000).  It  is  liquid  at  -8S°,  solid  at 
-  133-5°,  and  only  catches  fire  at  100°,  although  oxidising  agents  such  aa  HNO(  render  it 
lipontaueoualy  inflanunable  by  forming  PgH^  ;  when  mixed  with  oxygen  it  does  not 
cateh  fire  when  pure,  but  cat^ihea  Exo  spontaneously  with  explosive  violence  if  the  [a^BHure 
is  diminished  («ee  also  p.  315).  On  heating  or  by  means  of  the  electric  discharge  it  is  decom- 
posed into  P  4-  H,.  It  bums  with  a  luminous  fiame,  forming  PgOi.  When  mixed  with 
chlorine  it  explodes  violently  :   PHg  +  3C1,  -  PCI,  +  3Ha. 

It  is  an  ene^etic  reducing  agent  and  precipitates  a  black  mixture  of  metal  and  metallic 
phosphide  from  solutions  of  copper  sulphate  or  silver  nitrate  ;  by  means  of  this  reaction 
it  may  also  be  separated  from  other  gases.  Its  composition  may  be  determined  by  passing 
a  given  volume  of  FUg  over  red-hot  copper,  which  has  been  previously  weighed  and  which 
combines  with  tlie  phosphorus.  The  hydrogen  which  remains  may  then  be  collected  and 
measured.  It  has  basic  properties,  but  these  are  much  less  marked  than  those  of  NH,, 
although  with  dry  HI  or  HBr  it  easily  forms  phosphonium  iodide  and  bromide, 
PHj  -l-HI  — PH^L  The  group  PH^,  which  behaves  like  a  metallic  radical,  is  called 
pkoeponium  analt^usly  to  ammonium. 

PHOSPHONIUM  .IODIDE  forms  colourless  crystals,  and  is  most  easily  obtained 
from  Pjl^  with  a  little  water,  or 
more  precisely,  by  adding  iodine  to  a 
solution  of  phosphorus  in  carbon 
diaulpbide,  evaporating  the  mixture 
and  treating  it  with  water. 

PHOSPHONIUM  CHLORIDE  : 
PH^Cl,  is  only  formed  at  -  30°  and 
under  [^essure,  and  dissociates  already 
at  15°.  PHOSPHONIUM  BROMIDE 
is  solid  and  less  stable  than  the  iodide, 
hut  more  so  than  the  chloride :  it 
dissodatea  at  30°. 

LIQUID  HYDROGEN  PHOS- 
PHIDE :  PsH^.  This  compound  is 
separated  from  FHg  by  passing  the 
mixture  obtained  from  calcium  phos- 
phide (<ee  aWe)  through  a  very  oold  p^o^  142_ 
tube.  It  is  a  colourless  liquid  which 
boils  at  58°  and  decomposes  easily  into  PHj  and  solid  P^Hj.     It  easily  catches  fire  in 

■^  SOLID  HYDROGEN  PHOSPHIDE  :  PibH,.  This  compound  forms  a  yeUow  powder 
insoluble  in  water,  which  catches  fire  at  100°.  Various  forma  of  solid  hydrogen  phosphide 
are  known,  one  of  which  perhaps  has  the  formula,  PiHg. 

PHOSPHORUS  TRICHLORIDE  :  PClj.  This  compound  is  obtained  by  passing  a 
current  of  dry  chlorine  over  a  gently  heated  phosphorus  in  a  small  gloss  Baak.  The  phos- 
phorus catches  fire,  and  PCI,  distils  together  with  a  little  PCl^,  which  is  transformed  into 
PCI,  on  adding  a  little  phosphorus  and  redistilling.  It  forms  a  colourless  liquid  of 
pungent  odour,  of  sp.  gr.  1'6,  which  boils  at  76°,  and  is  solid  at  -119°.  It  fumes  in  the 
air  because  it  has  a  great  attraction  for  water,  giving  HCl  and  phosphorous  acid  : 
PCIa  +  3HgO  =  POjHg  +  3HCI.  It  is  a  good  solvent  for  phosphorus,  and  mixes  with 
ether,  benzene,  chloroform,  and  carbon  disulphide  ;  it  is  much  used  in  laboratories,  and  costs 
about  3«.  Id.  per  kilo. 

PHOSPHORUS  PEKTACHLORIDE  :  PCIj.  This  compound  is  obtained  by  the 
action  of  an  excess  of  chlorine  on  phosphorus  or  by  reacting  on  PCI,  with  still  more 
chlorine,  or  by  passing  a  ctuxent  of  CI  into  a  solution  of  phosphorus  in  carbon  disulphide. 

It  is  a  slighUy  yellow  crystalline  mass  of  irritating  odour,  which  attacks  the  eyes.  It 
sublimes  without  melting  and  on  heating  decomposes  partially  into  PClj  and  CI,.  It 
melts  under  pressure  at  148°  ;  it  fames  in  moist  air  because  it  reacts  energetically  with 
water  forming  three  different  derivatives  according  to  the  quantity  of  water : 

PCls  +    HiO  -  2Ha  +  POCl,  Phosphorus  oxychloride. 

PCI,  +  3H2O  -  5HC1  +  PO,H  Metaphosphoric  acid. 

PC1(  +  4H,0  -  5HCI  +  POiH,  Phosphoric  acid. 
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Its  vapour  density  in  an  atmosphere  of  PCI3  corresponds  to  the  formida  PCI5  ;  at 
higher  temperatures,  however,  it  commences  to  dissociate  into  PCI3  +  CI2.  At  30()^ 
dissociation  is  complete  and  the  gaseous  mass  has  a  greenish  colour  due  to  the  free  chlorine. 

PClft  is  often  used  in  the  laboratory,  especially  for  many  reactions  in  organic  chemistry, 
when  the  OH  group  is  to  be  replaced  by  chlorine.     It  costs  about  4^,  5d.  per  kilo. 

PHOSPHORUS  BROMIDES  and  IODIDES  are  analogous  to  the  chlorides,  and 
are  obtained  by  dissolving  white  phosphorus  in  carbon  disulphide  and  then  adding  the 
calctQated  quantity  of  bromine  or  iodine  a  little  at  a  time  ;  carbon  disulphide  is  then 
separated  by  distillation.     The  pentaiodidc.  Pis,  is  not  known. 

Pure  PHOSPHORUS  PENTAFLUORIDE  :  PFg,  has  been  prepared  by  heating 
PCI5  with  arsenic  trifluoride,  SPClg  +  SAsFs  =  SPFg  +  SAsClj,  and  PHOSPHORUS 
TRIFLUORIDE  is  also  known.  These  are  more  stable  gases  than  PCI5  and  PI3,  and  are 
extremely  sensitive  even  to  minute  traces  of  water,  which  decompose  them.  Moissan  was 
able  to  liquefy  and  solidify  them  in  1904.  PF3  melts  at  - 160°  and  boils  at  -95°,  whilst 
PFg  melts  at  -83°  and  boils  at  -75°.     Phosphorus  oxyfluoride  boils  at  -40°. 

THERMOCHEMICAL  BEHAVIOUR  OF  HALOGEN  DERIVATIVES  OF  P. 
Whilst  such  derivatives  of  nitrogen  are  pre-eminently  endothermio  and  explosive,  the 
phosphorus  halides  are  exothermic,  that  is  to  say,  formed  with  evolution  of  heat,  and 
are  therefore  more  stable.  In  this  respect  they  approach  more  nearly  to  the  halogen 
compounds  of  the  metals.  Their  heat  of  formation  diminishes  with  increase  of  the 
atomic  weight  of  the  halogen,  and  this  explains  how  it  is  that  PI5  is  not  known  and  why 
PF5  is  a  more  stable  compoimd : 

P  +  Clg  =  pas  +  439  Kj.  (=  105,000  cals.). 

Also  on  dissolving  these  compounds  in  water  much  heat  is  developed  : 

PCI3  +  3H2O  +  aq.  =  PO3H3  aq.  +  3HC1  aq.  +  272  Kj. 

ARSENIC  HYDRIDE  (ARSENIURETTED  HYDROGEN, 

ARSINE):   AsH, 

This  gas  was  discovered  by  Scheele  in  1755  and  is  always  obtained  when 
a  mineral  acid  such  as  HCl  or  H2SO4  acts  on  metallic  zinc  mixed  with  arsenic 
compounds.  The  nascent  hydrogen  which  is  formed  unites  with  the  arsenic  : 
AS2O3  +  6H2  =  BHjjO  +  2ASH3. 

It  is  also  obtained  from  the  alloy  of  Zn  and  As  or  of  Na  and  As  on  treating 
it  with  HCl  or  H2SO4,  thus  :  As^Zn^  +  6HC1  =  SZnCljj  +  2ASH3. 

It  is  a  powerful  poison  and  the  chemists,  Gehlen  in  1816,  Bullacke,  and  recently  Schulze 
at  St.  Jago,  who  worked  with  it  without  proper  precautions,  died  after  prolonged  agonies 
through  having  breathed  it  in  small  quantities.  Bunsen  recommended  fresh  ferric  hydroxide, 
prepared  by  precipitating  a  soluble  ferric  salt  "with  magnesia,  as  an  antidote.  It  has  a 
repugnant  odour  of  garlic  ;  it  is  liquid  at  -  55°,  When  lit  it  bums  in  the  air  with  a  pale 
bluish  flame  forming  arsenic  trioxide,  Af203.  At  a  red  heat  or  under  the  action  of  the 
electric  discharge  it  decomposes  into  As  and  H  ;  thus,  by  passing  a  current  of  A8H3  through 
a  glass  tube  which  is  heated  at  a  certain  point  with  a  flame  a  black  shining  deposit  of  arsenic 
(mirror)  is  formed,  and  thus  also,  if  a  cold  body  such  as  a  porcelain  dish  is  placed  in  the 
flame  of  H  and  ASH3,  shining  spots  of  arsenic  are  deposited  on  the  dish.  Arsenic  hydride 
has  less  basic  chemical  properties  than  phosphorus  hydride,  so  that  it  no  longer  combines 
with  the  halogen  hydracids,  whilst  it  has  a  tendency  to  combine  with  metallic  salts,  forming 
metallic  arsenides.  Thus,  for  example,  with  a  concentrated  solution  of  silver  nitrate  it 
gives  a  yellow  precipitate,  AsAgs  ,  SAgNOs,  from  which  on  dilution  with  water  black  metallic 
silver  separates,  arsenious  acid  and  nitric  acid  being  also  formed  (Gutzeit*s  reaction) : 

(a)  AsHg  +  SAgNOg  =  3HNO3  +  AsAgg  (Reckleben,  1909). 

(b)  AsAga  +  SAgNOa  +  SHgO  =  3HNO3  +  AsOgHg  +  6  Ag. 

This  reaction  of  Gutzeit  is  extremely  delicate  and  is  used  for  the  detection  of  arsenic, 
as  0-001  grm.  of  AS2O3  can  still  be  detected  ;  it  is  carried  out  practically  as  foUows : 
A  portion  of  the  substance  to  be  tested  is  placed  in  a  test-tube  and  zinc  and  sulphuric  acid 
are  added  ;  the  test-tube  is  then  loosely  closed   with   a  little   cotton-wool    in    order 
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to  rptain  any  npray,  and  itM  mouth  is  covered  with  a  strip  of  filter  paper  on  to  which 
a  drop  of  a  50  per  cent,  solution  of  silvor  nitrate  is  poured.  In  the  prosence  of  even  minimal 
(rict*  of  ars^c  the  filter  paper  aequiroa  a  yellow  colour  which  turns  to  black  on  washing 
with  water. 

Since  the  same  reaction  is  given  by  U^S  and  by  PHj  it  in  necessary  to  first  oxidise  the 
substance  by  heating  with  HCI  and  potassium  chlorate  if  there  is  any  chance  of  these  sub- 
stances  being  formed. 

By  means  of  these  reactions  it  is  easy  to  detect  even  the  smallest  traces,  even  down 
to  0-01  mgrin.  of  arsenic,  especially  in  poisoning  cases,  by  introducing  the  substances 
into  Marsh's  apparatus  (Fig.  143).  This  is  formed  of  a  flask,  a,  which  contains  pure 
line  and  pure  dilute  HjSO^  free  from  arsenic.  The  nascent  hydrogen  which  is  developed 
forms  volatile  AsHj  ^"ith  arsenic  compounds,  and  is  dried  in  a  calcium  chloride  tube,  c, 
and  passed  through  the  tube,  rf,  which  is  drawn  out  at  more  than  one  point.  Tliis  tube  is 
then  heated  in  front  of  the  constriction,  by  which  means  AsHj  is  decomposed  and  deposits 
metallic  arsenic  in  the  drawn-out  portions,  in  the  form  of  black  shining  mirrors. 

It  is  necessary  to  drive  out  all  the 
air  from  the  apparatus  before  heating 
and  then  the  hydrogen  at  the  end  of 
the  tube  may  be  kindled  (we  p.  1 2','). 

The  black  mirror  which  is  formed 
in  the  capillary  tube,  d,  or  on  the 
porcelain  capsule  introduced  into 
the  hydrogen  ilame,  is  distinguished 
from  similar  spots  formed  of  anti- 
mony, because  the  spots  due  to 
arsenic  are  soluble  in  sodium  hypo- 
chlorite whilst  those  due  to  anti- 
mony are  not. 

The  compound,  AsgH^,  analogous  to 
PjH^.  is  not  itself  known,  but  its  organic  FiO-  1*3- 

derivatives    aro    known,   for    example, 

the  organic  derivatives  of  cacodyl :  (CHjli, :  As  .  As  ;  (CHa)i„  which  have  an  extremely 
repugnant  odour  and  are  obtained  on  heating  potassium  acetate  to  redness  with  areenious 
oxide  ;  cacodyl  oxide  is  formed  and  serves  for  the  recognition  of  small  quantities  of 
arsenic  by  means  of  its  characteristic  odour. 

SOLID  ARSENIC  HYDRIDE  :  As.H,,  is  known  as  a  brown  powder,  which  is 
formed  from  AsHj  in  the  absence  of  nitric  acid. 

ANTIMONY  HYDRIDE  ;   SbHj 

This  compound  is  completely  analogous  to  arsenic  hydride  in  all  its  physical  and  chemical 
properties,  and  also  produces  black  spots  of  antimony  in  Marsh's  apparatus,  at  lower 
temperatures  ;  these  spots  are  less  lustrous  than  those  of  arsenic  and  are  insoluble  in  a 
solution  of  sodium  hypochlorite. 

With  silver  nitrate,  SbUg  gives  a  black  compound  of  antimony  and  silver,  SbAg,,  mixed 
with  metallic  silver. 

The  composition  of  the  hydrogen  compounds  of  As  and  Sb  is  determined  as  in  the  case 
of  PUj,  by  passing  them  over  red-hot  copper. 

HALOGEN  DERIVATIVES  OF  As  AND  Sb 
These  are  analogous  to  those  of  phosphorus,  and  are  formed  by  the  direct 

interaction  of  their  component  elements.     In  the  case  of  arsenic,  however, 

the  derivatives  with  five  atoms  of  halogen  are  not  known,  but  only  in  the  case 

of  antimony. 

ARSENIC  TRICHLORIDE :  AsClj,  is  obtained  by  the  oction  of  hydrochloric  acid 

on  orsenious  oxide  in  an  analogous  manner  to  the  chlorides  of  the  metals  :  A-^sO,  +  6HC1 

-  2Asa,  +  SHjO. 

It  forma  an  oily  colourless  liquid  which  fumes  in  the  air.     It  has  a  specific  gravity  of 


832  INORGANIC    CHEMISTRY 

2*2,  boils  at  13%  and  solidifies  at  - 18®.  It  dissolves  in  a  little  water,  remaining  unaltered  ; 
with  much  water,  on  the  other  hand,  it  decomposes,  forming  Aa^O^  and  HCl,  the  reverse 
reaction  to  that  shown  above. 

ARSENIC  TRIBROMIDE  :  AsBr,,  is  a  white  crystalline  mass  ;  Arsenic  *Tri-iodidc, 
Asia,  is  &  ^^  crystalhne  mass  ;  and  Arsenic  Trifluoride,  AsFs,  which  is  a  liquid,  is  also 
known. 

ANTIMONY  TRICHLORIDE  :  SbClg.  This  compound  is  easily  formed  by  dissolving 
antimonious  oxide  or  sulphide  in  strong  hydrochloric  acid : 

SbaSs  +  6Ha  =  SHgS  +  2SbCl3. 

Hie  solution  is  evaporated  and  the  SbCIs  is  then  distilled. 

When  pure  it  forms  a  scaly  crystalline  mass  which  has  about  the  consistency  of  butter 
(butter  of  antimony),  and  is  dehquescent  in  the  air. 

It  dissolves  in  water  acidified  with  Hd,  whilst  in  presence  of  much  water  it  is  decomposed, 
giving  a  white  powder  (powder  of  Algaroth)  which  is  formed  of  a  mixture  of  SbOCl,  antimony 
oxychloride,  and  SbsOs,  and  is  used  in  medicine. 

The  instability  of  the  halogen  compounds  of  antimony  and  arsenic  in  presence  of  water 
is  also  characteristic  of  other  non-metals,,  whilst  the  metallic  chlorides  are  stable. 

ANTIMONY  PENTACHLORIDE  :  SbClg.  This  compound*  is  obtained  by  the  action 
of  CI  on  Sbds,  and  forms  a  yellowish,  very  hygroscopic  liquid,  which  solidifies  at  —6° 
and  decomposes  on  heating  into  SbCls  +  CI2.  At  21°  and  at  reduced  pressure  it  distils 
unaltered,  and  with  much  water  it  decomposes  forming  pyroantimonic  acid  (Sb207H4) 
and  Hd.     With  water  it  forms  crystalline  hydrates  :   SbCls,  HgO,  and  Sbdg  .  4H2O. 

Derivatives  of  bromine,  iodine,  and  fluorine  are  also  known,  and  are  analogous  to  the 
chlorides  in  their  chemical  behaviour. 

ANTIMONIOUS  FLUORIDE  :  SbF,,  is  obtained  by  dissolving  SbgOs  in  HF,  and  is 
of  industrial  importance  because  when  mixed  with  sodium  fluoride,  NaP,  it  forms  so-called 
antimony  salt,  which  is  advantageously  used  as  a  mordant  in  cotton-dyeing  instead  of 
tartar  emetic,  which  costs  more  than  double  the  amount  with  the  same  contents  o 
antimony.  Antimony  salt,  containing  47  per  cent,  of  Sb203>  costs  about  £4  per  100 
kilos. 

HYDROXYLAMINE  :    NH^OH 

This  compound  is  a  product  of  the  partial  reduction  of  oxy-compounds  of  nitrogen. 
It  was  prepared  in  1866  by  reducing  the  organic  esters  of  nitric  acid,  but  was  only 
obtained  pure  and  free  from  water  in  1891.  It  is  also  formed  by  treating  nitric  acid 
with  tin,  or  nitrogen  oxides  with  Hd  and  tin. 

Nascent  hydrogen  reduces  nitric  acid,  nitrates,  and  nitrogen  oxides : 

NO3H  -H  3H2  =  2H2O  +  NH2OH. 

Hydroxylamine  hydrochloride  is  easily  obtained  by  treating  mercury  fulminate 
(C2N202Hg)  with  hydrochloric  acid.  It  forms  colovirless,  odourless  crystals,  melts  at  43^ 
and  boils  at  58°  at  reduced  pressure  (22  mm.). 

It  is  a  liquid  which  is  stable  below  15°  ;  at  higher  temperatures  it  commences 
to  decompose  into  N,  N2O3,  NH3,  and  at  about  130°  it  explodes. 

It  is  hygroscopic  ;  has  basic  characters  and  forms  salts  with  acids,  like 
ammonia,  by  direct  addition  :  NH3O  +  HCl  =  NH3O .  HCl,  hydroxylamine 
hydrochloride,  which  is  distinguished  from  ammonium  chloride  by  being  soluble 
in  alcohol.  The  aqueous  solution  of  hydroxylamine  acts  as  a  strong  reducing 
agent,  and  thus  separates  silver  from  silver  nitrate. 

OXYGEN  DERIVATIVES  OF  N,  P,   As,   AND  Sb 

The  acid  compounds  of  the  halogens,  whether  oxidised  or  otherwise,  contain 
one  atom  of  hydrogen ;  thus  we  have  HCl,  HCIO3,  HCIO4  ;  the  compounds 
of  the  sulphur  group  contain  two  atoms  of  hydrogen,  thus  :  SHg,  SO3H2,  SO4H2, 
&c.  (the  same  for  selenium  and  tellurium)  ;  the  compoimds  of  the  nitrogen 
group  generally  contain  three  atoms  of  hvdrogen  :  NH3,  PH3,  AsHg,  SbHj, 
POjHs,  PO4H3,  ASO4H3,  AsOgHs,  &c. 
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These  acids,  containing  three  atoms  of  hydrogen,  are  called  oriho  or  normal 
acids  ;  and  by  abstracting  one  molecule  of  water  from  these  they  are  trans- 
formed into  acids  containing  a  single  atom  of  hydrogen  only,  which  are  called 
meta-acids.  Thus  we  have  metaphosphoric,  PO3H  (from  PO4H3  —  HjG  = 
PO3H),  and  sodium  metaarsenite  which  is  formed  from  sodium  orthoarsenite 
as  follows :  AsOjNaj  —  NagO  =  AsOgNa,  NajO  being  separated  instead  of  HjO. 

In  the  case  of  nitrogen  the  ortho-acids  are  not  known  but  only  the  corre- 
sponding meta-acids.  Thus,  to  the  hypothetical  orthonitric  acid,  H3NO4, 
ordinary  nitric  acid,  HNO3,  corresponds.  To  the  h3rpothetical  orthonitrous 
acid,  H3NO3,  ordinary  nitrous  HNO2  corresponds. 

OXYGEN  COMPOUNDS  OF  NITROGEN 

Nitrous  Oxide,  NgO,  to  which  by  the  addition  of  1  mol.  of  water,  2  mols. 
of  hyponitrous  acid  NO.H  correspond. 

Nitric  Oxide,  NO,  which  has  no  known  corresponding  acid. 

Nitrogen  Trioxide  or  Nitrous  Anhydride,  N2O3  or  O  :  N.O.N  :  O,  which 
yiejds  2  mols.  of  nitrous  acid,  HNO2,  with  HjO. 

Nitrogen  Dioxide  (or  peroxide),  NO2. 

Nitrogen  Tetroxide,  N2O4,  which  may  be  considered  as  a  mixed  anhydride 
of  nitrous  and  nitric  acids. 

Nitrogen  Pentoxide  or  Nitric  Anhydride,  NgO^,  which  forms  nitric  acid, 
NO3H,  with  water. 

NITROUS  OXIDE:  N2O 

This  compound  is  easily  obtained  by  heating  ammonium  nitrate  to  above  100°, 
XO3NH4  =■  2R2O  +  N2O ;  towards  240°  the  reaction  becomes  tumultuous  and  even 
explosive,  therefore  it  is  preferable  to  heat  a  mixtitre  of  sodium  nitrate  and  ammonium 
sulphate  to  230°.  The  evolution  of  gas  is  regular,  and  it  may  be  collected  over  mercury 
or  over  hot  water,  as  it  is  somewhat  soluble  in  cold  water. 

The  formation  of  ^20  from  an  isomer  of  ammonium  nitrate,  namely,  hydroxy lamine 
nitrite,  which  already  gives  N2O  in  aqueous  solution,  is  of  interest,  NO2H  .  NH2OH  «i- 
2H2O  +  NgO. 

It  is  also  formed,  together  with  NO,  by  treating  sdnc  and  tin  with  nitric  acid  of 
sp.  gr.  1*1;  also  by  the  action  of  moistened  iron  filings  on  NO,  and  was  thus  obtained  for 
the  first  time  by  Priestley  in  1772,  together  with  iron  oxide. 

Nitrous  oxide  is  a  colourless  gas  of  a  sweetish  taste  ;  1  litre  weighs  1<97  gtms.  and 
1  vol.  of  water  at  0°  dissolves  1*3  vols,  of  the  gas  ;  it  is  still  more  soluble  in  alcohol.  By 
pressure  and  cooling  it  is  transformed  into  a  colourless  mobile  liquid,  which  boils  at  -  89*8°, 
and  when  allowed  to  evaporate  rapidly  solidifies  at  - 102°  to  a  white  crystalline  mass. 

It  maintains  and  revives  the  combustion  of  phosphorus,  wood,  &c.,  more  easily  than 
nitric  oxide,  in  spite  of  the  fact  that  it  contains  less  oxygen,  because  it  is  less  stable,  and 
immediately  liberates  the  oxygen  which  it  contains. 

With  an  equal  volume  of  hydrogen  it  forms  an  explosive  mixture,  and  although  in 
many  respects  it  behaves  similarly  to  oxygon  it  may  be  distinguished  from  the  latter  gas 
as  it  does  not  combine  with  NO,  whilst  oxygen  and  NO  together  form  reddish-brown 
vapours  of  NO2  and  N2O3  ;  it  does  not  combine  with  oxygen,  by  which  means  it  is  easily 
distinguished  from  NO.  When  inspired  in  small  doses  it  produces  a  form  of  inebriation, 
so  that  it  has  also  been  called  "laughing  gas."  When  inspired  pure  or  mixed  with  1  vol. 
of  oxygen  it  acts  as  an  ansesthetic  and  is  used  in  surgery. 

It  is  an  endothcrmic  compound  and  absorbs  75  Kj.  during  its  formation. 

HYPONITROUS  ACID  :   H2N2O2 

This  compound  has  been  discovered  during  the  last  few  years  and  is  supposed  to  be 
derived  from  N2O  and  H2O  ;  this  reaction,  however,  has  not  yet  been  effected,  but,  on  the 
other  hand,  NjO  has  been  obtained  by  abstracting  water  from  hyponitrous  acid  obtained 
by  other  means. 

It  is  prepared  in"]  various  ways — by  reducing  nitric  or  nitrous  acid  or  by  oxidisation  of 
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hydroxylamine.  Thus,  for  example,  on  reducing  potassium  nitrite  with  sodium  amalgam, 
potassium  hyponitrite  is  formed  ;  the  sodium  hydroxide  formed  by  the  amalgam  is  neu- 
tralised with  acetic  acid  and  the  hyponitrous  acid  separated  by  means  of  silver  nitrate  as 
yellow,  solid,  amorphous,  silver  hyponitrite,  which  is  decomposed  with  HCl.  The  hj-po- 
nitrous  acid  so  liberated  is  extracted  with  ether  and  the  ethereal  solution  then  evaporated  in 
vactLOy  when  a  scaly  crystalline,  unstable  mass  of  free  hyponitrous  acid  remains.  It  explodes 
easily  and  catches  fire  in  contact  with  solid  sodium  hydroxide ;  it  is  hygroscopic  and  soluble  in 
alcohol,  ether,  and  chloroform.  It  is  slowly  transformed  in  aqueous  solution  into  N2O  +  H2O. 
It  separates  iodine  from  potassium  iodide  and  decolorises  potassium  permanganate, 
being  transformed  into  nitric  acid. 

NITRIC  OXIDE :  NO 

This  compound  was  first  studied  by  Priestley  in  1772.  It  is  not  found  free 
in  nature  because  it  readily  combines  with  oxygen,  forming  nitrogen  dioxide. 
It  is  formed  from  its  elements  at  temperatures  above  1200°,  and  industrially  by 
the  action  of  the  electric  discharge  in  air  {see  p.  304)  ;  but  the  gaseous  mixture 
which  results  does  not  contain  more  than  15  per  cent,  of  NO. 

It  is  also  formed  on  dissolving  various  metals  in  dilute  nitric  acid  even  in 
the  cold,  for  example,  from  copper  turnings  and  HNO3  of  sp.  gr.  1*2  or  from 
copper  with  concentrated  nitric  and  sulphuric  acids,  but  the  yield  is  small : 

3Cu  +  8NO3H  =  3(NOs)2Cu  +  4H2O  +  2N0. 

A  regular  evolution  of  the  gas  is  obtained  from,  mercury  with  strong  sulphuric 
acid  to  which  2  per  cent,  of  sodium  nitrite  has  been  added.^ 

When  all  the  air  in  the  apparatus  has  been  displaced  red  vapours  of  NO^ 
are  no  longer  formed,  but  only  colourless  NO  which  may  be  collected  in  a 
cylinder  by  displacement  of  water.  The  gas  is  obtained  pure  from  a  mixture  of 
potassium  nitrite,  yellow  potassium  prussiate,  and  acetic  acid.  It  is  produced 
more  conveniently,  abundantly,  and  economically  by  Schlosing's  reaction, 
by  heating  1  part  of  sodium  nitrate  with  10  parts  of  ferrous  sulphate  and  10 
parts  of  sulphuric  acid  of  52°  B^. 

Nitric  oxide  is  a  colourless  gas,  only  slightly  soluble  in  water,  but  very- 
soluble  in  solutions  of  ferrous  chloride  or  sulphate  which  are  coloured  reddish 
brown ;  from  these  solutions  it  is  again  evolved  in  a  purified  condition  on 
heating.  It  also  dissolves  in  nitric  acid,  forming  brown,  yellow,  green,  or  blue 
solutions  according  to  the  concentration.  With  pure  HNOs  it  forms  nitrous 
anhydride,  NgOs ;  it  is  insoluble  in  sulphuric  acid  {see  Gay-Lussac  Tower, 
p.  262).  The  constitution  of  nitric  oxide  is  determined  from  the  fact  that 
when  a  given  volume  of  it  is  treated  with  sodium  NajO  and  N,  are  formed ; 
the  latter  gas  occupies  half  the  space  which  was  at  first  occupied  by  the  NO. 

One  litre  of  the  gas  weighs  1*3426  grms.  It  is  only  liquefied  at  —154'', 
and  is  solid  at  — 167°.  It  is  transformed  by  potassium  permanganate  into  nitric 
acid.  It  maintains  the  combustion  of  substances  which  evolve  much  heat  on 
oxidation,  for  example,  phosphorus,  but  not  sulphur.  When  mixed  with  carbon 
disulphide  vapours  it  bums  with  an  intense  blue  flame  very  rich  in  actinic  rays. 

It  is  a  strongly  endothermic  compound  (—90  Kj.  =  —21,500  cals.) 
and  this  explains  the  fact  that  its  molecules  are  more  unstable  than  those  of 
oxygen,  so  that  on  burning  substances  such  as  P  and  C  in  an  atmosphere  of 
NO  21,500  cals.  more  are  evolved  than  on  burning  the  same  substances  in 
oxygen.  This  shows  that  in  order  to  dissociate  the  atoms  of  an  oxygen  molecule 
more  heat  is  required  than  to  dissociate  the  molecule  of  NO. 

By  means  of  sufficient  oxygen  it  is  immediately  and  completely  transformed 
into  nitrogen  dioxide  :  2  vols.  NO  +  1  vol.  O2  =  2  vols.  NOj. 

When  a  deficiency  of  oxygen  is  present  nitrous  anhydride,  N2O8,  is  formed. 

^  This  reaction  ia  applied  in  connection  with  sulphuric  acid  manufacture  In  order  to  titrate  the  nitrous 
sulphuric  acid  in  the  nitrometer  by  liberating  NO  through  the  action  of  mercur}'  and  measuring  the  gas  wliich  is 
Bo  formed  i$ee  Kitrometer). 
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With  chlorine  and  bromine  it  forms  nitrosyl  chloride,  NOCl,  and  nitrosyl 
bromide,  NOBr. 

At  a  red  heat  it  forms  NOg  and  N.  It  burns  with  hydrogen  on  heating, 
forming  a  greenish  flame  :  NO  +  Hg  =  N  +  HgO.  In  presence  of  spongy 
platinum,  on  the  other  hand,  it  forms  NHg. 

NITROSYL  CHLORIDE  :  NOCl,  is  to-day  used  industrially  for  bleaching, 
especially  for  bleaching  wheaten  flour,  according  to  Wesener's  patent  (Ger.  Pat. 
209,550  of  1908) ;  its  preparation  has  been  suggested  by  passing  a  current  of 
2  vols,  of  NO  and  1  vol.  of  CI  over  bone  charcoal  at  60°  (Francesconi  and 
Bresciani,  1904),  but  it  is  difficult  to  obtain  a  good  yield,  and  moreover  com- 
bination also  occurs  in  the  cold  and  in  absence  of  the  charcoal.  Its  pre- 
paration by  treating  nitrosylsulphuric  acid  with  sulphuric  and  nitric  acids 
in  presence  of  sodium  chloride  is  more  successful ;  or  it  may  be  obtained 
from  nitric  acid  and  dry  sodium  chloride  with  strong  sulphuric  acid  ;  CI  and 
NOCl  are  evolved  and  the  latter  is  condensed  by  means  of  ice  and  salt.  It  is 
a  gas  of  brownish-orange  colour  which  forms  an  orange-red  liquid  on  cooling. 
This  liquid  boils  between  —8°  and  —6°,  and  is  solid  at  —65°,  forming  crystals 
of  a  blood-red  colour.  It  is  easily  decomposed  by  water.  With  sulphuric  acid 
it  forms  nitrosylsulphuric  acid  and  hydrochloric  acid  ;  it  colours  the  skin 
yellow  in  the  same  way  as  strong  nitric  acid.  With  1  kilo  of  nitrosyl  chloride, 
diluted  with  a  large  quantity  of  air,  200  tons  of  flour  may  be  bleached. 

NITROGEN  TRIOXIDE  (NITROUS  ANHYDRIDE)  :   N2O3 

This  gas  is  obtained  from  NO  with  a  limited  quantity  of  oxygen  at 
— 18°  :  2N0  -|-  0  =  N2O3  ;  or  by  saturating  liquid  nitrogen  tetroxide  with 
NO :  N2O4  -f-  2N0  =  2N2O3,  and  also  by  passing  NO  into  pure  concentrated 
cold  nitric  acid.  Helbig  obtained  it  in  the  solid  state  in  bluish-green  flocks 
by  passing  the  electric  arc  through  liquid  air.  It  then  melts  at  —111°,  after 
which  it  partially  decomposes. 

It  is  conveniently  prepared  by  heating  nitric  acid  of  sp.gr.  1*25  with  starch 
or  arsenious  oxide  on  the  water-bath  in  a  flask  with  a  delivery  tube,  and  con- 
denBing  the  vapours  which  are  formed  in  a  U-tube  surrounded  by  ice  : 

AS2O3  +  2NO3H  +  2H2O  =  2ASO4H3  -f-  N2O3. 

It  is  always  formed  when  nitrates  are  heated  with  strong  sulphuric  acid  to 
high  temperatures. 

NgOs  is  fairly  stable  at  —21°  and  forms  a  blue  liquid  of  sp.  gr.  1-44  at  0°, 
which  boils  at  —  3*5°  and  gradually  decomposes,  forming  brown  vapours  : 
X2O3  =  NO2  -f-  NO.  These  two  gases  re-form  N0O3  in  the  cold  ;  at  a  red 
heat  it  forms  NO  and  also  N. 

With  H2SO4  it  forms  nitrosylsulphuric  acid  which  is  immediately  decom- 
posed by  water,  forming  nitrous  vapours  and  sulphuric  acid,  as  occurs  in  the 
lead  chamber  {see  p.  253). 

With  a  little  cold  water  and  still  more  readily  with  much  hot  water 
it  is  decomposed,  forming  HNO3  ^^^  NO.  A  fresh  aqueous  solution  of 
N2O3  is  stable  but  does  not  show  the  reactions  of  nitrous  acid,  and  it  is 
quantitatively  transformed  by  hydrogen  peroxide  into  nitric  acid  whilst  it 
is  not  completely  oxidised  by  permanganate. 

NITROUS  ACID  :   HNO2 

This  compound  is  not  known  free,  but  only  in  the  form  of  its  salts  called  nitrites^ 
which  are  obtained  by  heating  nitrates  to  redness :  NO3K  »  NOgK  +  O  ;  the  reaction 
is  facilitated  by  the  addition  of  oxidisable  metals  such  as  lead.  The  nitrites  give  brown 
vapours  of  NO2  +  NO  with  sulphuric  acid. 

Nitrous  acid  is  supposed  to  exist  free  in  aqueous  solution.  It  is  a  strong  oxidising 
agent  and  separates  iodine  from  iodides,  transforms  sulphurous  into  sulphuric  acid,  ferrous 
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sulphate  into  ferric  sulphate,  and  yellow  potassium  ferrocyanide  into  the  red  ferricyanide. 
Sometimes,  however,  it  acts  as  a  reducing  agent ;  thus  it  decolorises  red  solutions  of  potas- 
sium permanganate,  being  transformed  into  HNOg.  This  reaction  in  dilute  solution  occurs 
quantitatively  both  for  nitrous  acid  and  for  nitrites  in  presence  of  sulphuric  acid,  and  on 
this  reaction  a  quantitative  method  of  analysing  commercial  nitrites  is  based.  The  end  of 
the  reaction  is  indicated  by  the  disappearance  of  the  red  colour : 

6NO2H  +  2Mn04K  +  3SO4H2  -  5NO3H  +  SO4K2  +  2S04Mn  +  3H2O. 

ONO 


NITROSYLSULPHURIC  ACID,  SO^qj^     (or  NITROSO- 

SULPHURIC  ACID) 

This  acid -has  already  been  described  in  connection  with  the  preparation  of  sulphuric 
acid  {see  p  252),  and  forms  the  well-known  crystals  of  the  lead  chamber  ;  when  dissolved 
in  sulphuric  acid  it  forms  the  so-called  nitrous  sulphuric  acid.  Mercury  and  also  sulphur 
dioxide  liberate  NO  from  this  acid  and  this  explains  the  denitrifying  action  of  the  S0« 
in  the  Glover  tower  during  sulphuric  acid  manufacture.  It  is  always  formed  when  nitrogen 
oxides  (excepting  N2O)  come  into  contact  with  sulphuric  acid ;  it  is  easily  prepared  b}^ 
passing  pure  sulphur  dioxide  in  the  cold  into  fuming  nitric  acid  until  the  latter  is  satiu'ated  ; 
a  Gr3rstalline  mass  of  nitrosylsulphuric  acid  then  separates.  These  pure  crystals  melt  at 
73°,  being  transformed  into  the  anhydride  S205(N02)2.  It  is  decomposed  by  water  into 
sulphuric  acid  and  nitrous  fumes  ;  it  is  soluble  in  sulphuric  acid,  its  solubility  increasing 
with  concentration  of  the  acid.  This  solution  is  colourless  in  the  cold  and  yellow  when 
hot.  It  is  stable  at  high  temperatures  when  the  acid  in  which  it  is  dissolved  has  a  concentra- 
tion greater  than  60°  B^. 

NITROGEN  PEROXIDE  :   (NO^),  ;    NITROGEN  TETROXIDE  : 
N2O4;   and  NITROGEN  DIOXIDE  r.NOj 

On  passing  the  electric  arc  through  a  mixture  of  dry  oxygen  and  nitrogen 
NO  is  first  formed  which  with  sufficient  oxygen  from  the  air  is  transformed 
into  NO2  {see  conditions  of  its  formation,  p.  303). 

It  is  conveniently  prepared  by  heating  dry  lead  nitrate  : 

(N08)2Pb  =  PbO  +  0  +  2N0a ; 

the  oxygen  is  then  separated  from  the  reddish-brown  vapours  of  NOj  by 
cooling  below  0°  imtil  the  latter  are  liquefied  ;  a  yellowish  liquid  formed  of 
N2O4  is  thus  obtained  which  is  transformed  at  —20°  into  a  colourless 
crystalline  mass. 

The  tetroxide  N2O4  is  only  stable  below  0°  ;  at  higher  temperatures  it 
gradually  dissociates,  forming  NOg,  and  at  150°  the  transformation  into 
NO2  is  complete,  as  may  be  easily  deduced  from  the  gradual  diminution  in  the 
vapour  density  on  increasing  the  temperature.  On  again  cooling  to  0°  the 
gaseous  tetroxide,  which  is  only  very  slightly  coloured,  is  re-formed,  whilst 
the  gaseous  dioxide  has  a  red-brown  colour.  At  —20°  the  tetroxide  forms  a 
white  crystalline  mass  which  melts  at  from  —10°  to  —12°.  Above  0°  the 
liquid  acquires  a  brownish-yellow  colour  and  boils  at  26°,  forming  red-brown 
vapours  which  steadily  become  darker  with  elevation  of  the  temperature 
and  consequent  increase  in  the#amount  of  NOg. 

With  a  little  very  cold  water  nitrogen  tetroxide,  N2O4,  forms  nitric  acid 
and  nitrous  anhydride  which  colours  the  liquid  blue  : 

2N2O4  H-H^O  =  N2O3  +  2N08H  ; 
with  excess  of  cold  water  colourless  nitric  and  nitrous  acids  are  formed : 
N2O4  -f  HgO  =  NOjH  +  NO2H,  showing  that  nitrogen  tetroxide  is  simply  a 
mixed  anhydride  of  nitric  and  nitrous  acids,  NOg— O— NO  (analogous    to 
chlorine  tetroxide). 

If  hot  water  is  used  instead  of  cold  water  the  nitrous  acid  is  decomposed 
and  evolves  NO,  whilst  nitric  acid  remains  :  SNO^H  =  H^O  +  NOgH  +  2N0. 
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It  is  an  energetic  oxidising  agent,  maintaining  combustion  and  separating 
iodine  from  soluble  iodides.  It  differs  from  NO  in  not  being  very  soluble  in 
water,  or  even  in  sulphuric  acid.  Metals  which  have  been  recently  reduced 
with  hydrogen,  for  instance,  copper,  absorb  up  to  1000  vols,  of  Nfi^,  forming 
nitro-metcUa  (CU2NO2). 

During  the  formation  of  NOg  heat  is  absorbed  (—22  Kj.),  whilst  during 
the  formation  of  N2O4  from  NOg  heat  is  developed  (54  Kj.). 

NITROGEN  PENTOXIDE  :  N^Og  (NITRIC  ANHYDRIDE) 

ThLs  13  the  most  highly  oxidised  compound  of  nitrogen,  and  is  obtained,  together  with 
metaphosphoiic  acid,  by  heating  a  mixture  of  nitric  acid  and  phosphorus  pentoxide  to  a 
moderate  temperature  in  a  retort :  2NO3H  +  P2O5  ^  N2O6  +  2P08H. 

The  distillate  condenses  as  a  solid  in  a  flask  cooled  with  ice. 

It  is  obtained  pure  by  the  action  of  perfectly  dry  chlorine  on  dry  silver  nitrate 
2NOaOAg  +  2C1  -  NOgONOg  +  2AgCl  +  O. 

Nitrogen  pentoxide  forms  prismatic  crystals  of  the  rhombohedric  system,  melting 
at  30^  and  boiling  at  47°.  It  decomposes  easily,  even  with  spontaneous  explosion,  and  readily 
forms  nitrogen  tetroxide,  N2O4,  and  O.  It  is  immediately  transformed  by  water  into 
nitric  acid  with  evolution  of  heat :  N2O5  +  HgO  -=  2N08H.  The  heat  of  formation 
of  gaseous  NgO^  is  zero.  On  passing  into  the  solid  state  65  Kj.  are  evolved,  and  on  then 
dissolving  in  water  a  further  70  Kj.  (16,750  cals.)  are  formed. 

NITRIC  ACID:   HNO3 

This  compound  is  rarely  found  free  in  nature,  but  is,  on  the  other  hand, 
abundant  in  the  form  of  salts,  as  calcium,  ammonium,  and  potassium  nitrates, 
and  especially  sodium  nitrate  (Chili  Saltpetre,  see  Part  III),  in  regions  with 
very  low  rainfall,  such  as  Peru,  Chili,  and  Bolivia.  It  is  sometimes  formed 
in  minimal  quantities  by  the  action  of  electrical  discharges  on  moist  air, 
but  more  easily  in  the  presence  of  NaOH,  when  sodium  nitrate  is  formed  ;  it 
is  formed  in  the  soil  through  the  oxidation  of  ammonia  and  ammoniacal  salts. 

HNOs  is  prepared  in  laboratories  by  distilling  sodium  or  potassium  nitrate  with  strong 
sulphuric  acid  in  a  retort,  and  collecting  the  nitric  acid  which  distils  in  a  glass  flask  cooled 
in  a  stream  of  cold  water.     The  acid  sulphate  of  sodium  or  potassium  remains  in  the  retort : 

NaNOa  +  H2SO4  «  NaHS04  +  NOsH. 

This  reaction  already  occurs  at  a  temperature  of  about  130^,  but  if  this  temperature 
is  much  exceeded  (above  200°)  the  acid  sulphate  can  be  converted  into  neutral  sodium 
sulphate,  so  that  a  single  molecule  of  H2SO4  is  then  able  to  decompose  2  mols.  of  the 
nitrate ;  but  the  nitric  add  which  is  formed  at  this  temperatmre  is  decomposed  into 
NOg  +  H^O  +  O  and  the  NOg  dissolves  in  the  nitric  acid  which  is  first  formed  so  that  an 
acid  of  yellow-brown  colour,  called  fuming  nitric  acid,  is  produced. 

Until  1855  potassium  nitrate  was  tised  technically  for  the  manufacture  of  HNO3 
instead  of  sodium  nitrate,  in  spite  of  the  fact  that  the  former  was  dearer,  because  the 
potassitun  nitrate  crystallises  more  easUy,  and  is  therefore  more  easily  obtained  pure, 
80  that  a  purer  acid  was  obtained. 

Since  1855,  however,  the  improvements  introduced  into  the  purification  of  sodium 
nitrate  (ChiH  saltpetre)  have  made  it  possible  to  obtain  this  salt  in  a  very  piure  crystallised 
condition,  and  from  that  time  it  has  been  adopted  exclusively  in  the  nitric  acid  industry. 

PROPERTIES.  Nitric  acid  completely  free  from  water  has  not  yet  been 
obtained,  but  concentrations  of  99*8  per  cent,  of  HNO3  have  heen  reached. 
This  acid  is  colourless  and  fumes  in  the  air.  It  has  a  specific  gravity  of  156, 
and  solidifies  at  —47°  to  a  crystalline  mass  ;  it  decomposes  at  relatively  low 
temperatures,  especially  in  direct  sunlight,  then  acquiring  a  brownish-yellow 
colour  through  the  formation  of  NOg.  It  commences  to  boil  at  86°  and  is  slowly 
decomposed  to  a  small  extent,  so  that  the  first  portions  which  distil  are  yellowish, 
whilst  afterwards  the  distillate  is  colourless  but  contains  a  little  water. 
I  22 
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The  vapours  are  decomposed  at  260^  :    2NO3H  =  2NO2  +  HjO  +  0. 

It  is  extremely  soluble  in  water,  and  on  distilling  dilute  nitric  acid  water 
first  passes  over  ;  then  at  121°  an  acid  containing  68  per  cent,  of  HNO3  and  of 
sp.  gr.  1*414  distils,  and  this  forms  the  concentrated  nitric  acid  of  commerce. 
If  this  acid  is  distilled  with  five  parts  of  strong  sulphuric  acid,  pure  nitric  acid 
almost  free  from  water  is  obtained,  and  on  passing  a  current  of  air  through 
this  acid  a  little  NOg  is  liberated  which  remains  in  solution. 

We  give  a  Table  of  the  various  concentrations  of  nitric  acid,  but  this  does 
not  apply  to  fuming  (yellow)  nitric  acid,  because  the  dissolved  N2O4  increases 
the  specific  gravity  in  a  very  irregular  manner  : 


8p.  gr. 
.15^ 

(vacuum) 

Degrees 
Baum6 

100  parts 

by  weight 

contain  gnus. 

of  HNO, 

1  litre 

contains 

IcUosof 

HNO, 

8p.  gr. 

at,, 
(vacuum) 

Degrees 
Baum6 

100  part« 

by  weigbt 

contain  gmis. 

of  HNO, 

1  litre 
contains 
kilos  of 

HNO, 

1005 

0-7 

100 

0010 

1-305 

33-7 

48-26 

0-630 

1015 

21 

2-80 

* 

0-028 

1-315 

34-6 

49-89 

0-656 

1025 

3-4 

4-60 

0047 

1-325 

35-4 

51-53 

0-683 

1036 

4-7 

6-37 

0066 

1-336 

36-2 

53-22 

0-710 

1045 

6-0 

8-13 

0-085 

1-345 

37-0 

54-93 

0-739 

1055 

7-4 

9-84 

0-104 

1-365 

37-8 

66-66 

0-768 

1065 

8-7 

11-51 

0-123 

1-366 

38-6 

68-48 

0-798 

1075 

10-0 

1315 

0141 

1-375 

39-4 

60-30 

0-826 

1085 

11-2 

14-74 

0160 

1-386 

40-1 

62-24 

0-862 

1095 

12-4 

16-32 

0179 

1-395 

40-8 

64-25 

0-896 

1105 

13-6 

17-89 

0198 

1-405 

41-6 

66-40 

0-833 

1115 

14-9 

19-45 

0-217 

1-415 

42-3 

68-63 

0-971 

1125 

160 

2100 

0-236 

1-425 

43-1 

70-98 

1-011 

1135 

17-1 

22-54 

0-256 

1-435 

43-8 

73-39 

1-053 

1145 

18-3 

24-08 

0-276 

1-445 

44-4 

75-98 

1-098 

1155 

19-3 

25-60 

0-296 

1-455 

451 

78-60 

1144 

1165 

20-3 

27-12 

0-316 

1-465 

45-8 

81-42 

1-193 

M75 

21-4 

28-63 

0-336 

1-475 

46-4 

84-45 

1-246 

M85 

22-6 

30-13 

0-357 

1-485 

471 

87-70 

1-302 

1195 

23-5 

31-62 

0-378 

1-495 

47-8 

91-60 

1-369 

1-205 

24-5 

3309 

0-399 

1-501 

48-2 

94-60 

1-420 

1-215 

25-5 

34-66 

0-420 

1-603 

48-3 

96-65 

1-436 

1-225 

26-4 

36-03 

0-441 

1-505 

48-4 

96-39 

1-461 

1-235 

27-4 

37-63 

0-463 

1-507 

48-6 

9713 

1-464 

1-245 

28-4 

3905 

0-486 

1-609 

48-6 

97-84 

1-476 

1-255 

29-3 

40-58 

0-609 

1-511 

48-8 

98-32 

1-486 

1-265 

30-2 

4210 

0-633 

1-613 

48-9 

98-73 

1-494 

1-275 

31-1 

43-64 

0-666 

1-515 

49-0 

99-07 

1-501 

1-285 

320 

4618 

0-681 

1-617 

49-2 

99-34 

1-507 

1-295 

32-8 

46-72 

0-606 

1-520 

49-4 

99-67 

1-616 

In  aqueous  solution  nitric  acid  is  almost  completely  decomposed  into  the 
monovalent  ions  NO3'  and  H'.  It  is  an  energetic  acid  and  oxidises  and 
dissolves  almost  all  metals  excepting  platinum  and  gold.  Ag,  Ca,  and  Hg 
are  dissolved  on  heating,  but  only  in  presence  of  NO,  though  traces  of  this  gas 
suffice.    It  transforms  almost  all  non-metals  into  the  corresponding  oxy-acids. 

It  is  a  strong  oxidising  agent  which  attacks  organic  substances.  If  tur- 
pentine is  added  to  a  mixture  of  nitric  acid  with  a  little  sulphuric  acid,  it  catches 
fire  ;  thus  also  if  resinous  coal  is  ignited  it  continues  to  bum  if  immersed  in 
concentrated  nitric  acid.     It  transforms  benzene  directly  into  nitrobensenei 
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which  is  an  artificial  substitute  for  bitter  almond  oil.     (This  only  occurs  in 

presence    of    strong    sulphuric    acid. — Translator's    note.)      Boiling    HNO3 

transforms  sulphur  into  H2SO4. 

It  oxidises  wool  and  skin,  colouring  them  yellow.     It  decolorises  indigo, 

forming  lower  nitrogen  oxides  (NO  and  NO2).     Many  metals,  for  example, 

zinc,  are  dissolved  by  dilute  nitric  acid  without  evolution  of  hydrogen,  because 

the  latter  reduces  the  nitric  acid  to  ammonia  when  in  the  nascent  state  ;  and 

in  the  solution  ammonium  nitrate  is  then  found  together  with  the  metallic 

nitrate. 

2N08H  +  Zn    =  Zn(N03),  +  H^. 

2NO3H  +  4H2  =  NO8.NH4  +  3H3O. 

If,  on  the  other  hand,  the  nitric  acid  is  more  concentrated,  and  contains 
above  10  per  cent,  of  HNO3,  N2O,  N2O3,  and  N2O4  are  formed  instead  of 
NH3. 

The  transformation  of  nitric  acid  and  of  nitrates  into  NH3  occurs  still  more 
easily  in  alkaline  solution  (in  presence  of  NaOH  with  the  nascent  hydrogen 
produced  from  zinc  dust,  iron  filings,  &c.).  Tin  dissolves  in  nitric  acid  with 
formation  of  ammonia  and  also  of  hydroxylamine. 

Nitric  acid  is  monobasic  and  forms  salts  called  nitratesy  which  are  all  soluble 
in  water. 

FUMING  NITRIC  ACID.  This  substance  contains  much  nitrogen 
dioxide  in  solution,  and  has  an  orange-yellow  or  brownish-yellow  colour. 

It  is  obtained  by  the  reaction  between  2  mols.  of  nitrate  and  I  mol. 
of  sulphuric  acid  at  temperatures  of  over  200°,  so  that  disodium  sul- 
phate is  obtained  together  with  a  portion  of  the  nitric  acid  in  the  form  of 
NO2.  It  may  also  be  easily  prepared  by  distilling  strong  commercial  nitric 
acid  with  strong  sulphuric  acid.  Industrially,  however,  it  is  obtained  by 
the  direct  addition  of  a  little  starch  (3  to  5  per  cent.)  to  the  nitrate  in  the 
retort.  . 

It  is  a  more  energetic  oxidising  agent  than  colourless  nitric  acid  and  has 
a  specific  gravity  of  1*5  to  1*54. 

AQUA  REGIA.  This  substance  is  obtained  by  mixing  I  vol.  of  concen- 
trated nitric  acid  with  3  vols,  of  concentrated  hydrochloric  acid.  It  is  a  liquid 
which  has  the  property  of  easily  dissolving  gold  and  platinum,  because  the 
mixture  contains  free  nascent  chlorine  and  nitrosyl  chloride  {see  above)  : 

3HC1  +  NO3H  =  2H2O  +  CI2  +  NOCl. 

Neither  of  these  acids  separately  dissolves  the  above  metals. 

INDUSTRIAL  MANUFACTURE  OF  NITRIC  ACID.  The  following 
advantages  are  obtained  by  employing  sodium  nitrate  instead  of  potassium 
nitrate  :  Sodium  nitrate  costs  less  than  half  as  much  as  the  corresponding 
potassium  salt,  and  the  same  weight  produces  about  20  per  cent,  more  nitric 
acid,  because  the  molecular  weight  of  the  potassium- nitrate  is  higher.  The 
sodium  disulphate  which  is  formed  in  the  first  phase  of  the  reaction  is  more 
easily  decomposed  than  potassium  disulphate,  so  that  the  second  phase  of  the 
reaction  occurs  at  a  lower  temperature  and  there  is  less  decomposition  of  the 
nitric  acid. 

In  practice,  however,  it  is  not  found  convenient  to  force  the  reaction  up 
to  the  second  phase,  and  it  is  found  preferable  to  remain  at  the  stage  of  disulphate 
even  though  this  has  little  or  no  value. 

The  glass  retorts  which  were  once  used  have  now  been  completely  abandoned  and  were 
firpt  replaced  by  cylindrical,  horizontal  cast-iron  retorts  arranged  in  a  furnace  with  direct 
flame,  which  were  charged  with  76  kilos  of  sodium  nitrate  and  80  kilos  of  sulphuric  arid 
of  60°  B^.  The  nitric  acid  which  was  evolved  as  vapour  was  condensed  in  a  series  of 
vessels  which  have  been  specially  described  in  an  earlier  portion  of  this  work. 
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In  France  large  stoneware  pote  were  used  by  preSsrwioo,  with  an  almost  vertioal  delivery 
tube  reaching  to  the  bottom  in  order  to  ruse  the  molten  ^mtlpbate  ;  they  first  had  a  capacity 
of  2S0  kilos  of  nitrate,  but  it  was  then  found  mMeconvenieuttoincrease  the  capacity  until 
they  oould  take  a  charge  of  600  kilos  of  nitzate  and  660  kilos  of  sulphuric  acid  of  66°  36, 

Both  in  the  cylindrical  retorts  and  in  these  stonewBie  pot«  the  heat  of  the  furnaces 
was  bodlyutillaed,  and  as  much  as  40  kilos  of  ooal  were  used  per  100  kilos  ofnitrate.  The 
distillation  lasted  from  15  to  20  hours.  Valentiner  introduced  important  improvements 
in  the  whole  apparatus  used  in  nitric  acid  factories  ;  he  introduced  retorts  of  the  shape 
indicated  in  section  and  plan  in  Fig.  144,  which  hold  a  charge  of  as  much  as  one  ton 
of  nitrate.  During  heating  the  retort  is  evacuated  in  order  to  increase  the  yield  with  a 
smaller  consumption  of  fuel.  Itiese  large  retorts  are  formed  of  two  pieces  which  are  joined 
with  a  flange  and  asbeetoe  pocking  tightened  by  screws. 

_ ..   .  Ihe  upper  tube  which  leads  away  the  nitric  acid  vapours 

is  simply  screwed  on  to  the  still -head,  and  maythus  be  easily 
changed  when  corroded  without  having  to  change  the  whole 
pot.  Ibe  HNO)  vapours,  instead  of  poraing  directly  into 
the  battery  of  condensers,  first  pass  through  a  small  con- 
densing veeael  where  the  salts  wl^ch  ore  carried  over  and  the 
froth,  which  is  often  formed  on  working  with  suJphuric  acid 
of  66°  B&,  Bt«  separated.  When  working  with  acid  of  60° 
\  B&,  less  froth  is  formed.  With  this  apparatus  a  purer 
acid  is  obtained  ;  the  oonsumption  of  ooal  is  reduced  to 
'  20  kilos  per  100  kilos  of  nitrate  and  the  dilation  of  the 
process  is  only  12  hours. 

In    1902  Valentiner   and   Schwarz  (Qer.   Pat.   144,633) 
intioduoed  notable  improvements  which  allowed  the  most 
concentrated  nitric  add  of  almost  100  per  cent.,  and  very 
}   pnre,   to  be    obtained  in   a  single  operation,  without   the 
j  formation  of  froth,  with  the  use  of  sulphuric  acid  of  66°  B& 
Instead  of  adding  all  the  sulphuric  acid  at  once  they  pass 
J  it  on  to  the  nitrate  a  little  at  a  time,  dividing  it  in  a  suit- 
able vessel  before  passing  it  into  the  retort,  and  thus  the 
vapours  of  nitric  acid  which  are  gradually  evolved  are  also 
passed  into  a  vessel  where  they  are  washed  with  concen- 
Fio.  144.  trated  sulphuric  acid,  which  retains  the  impurities,  nitrous 

fumes,  and  steam.  Ibe  vapours  which  escape  from  this 
vessel  are  pure  and  very  concenliated,  and  on  condensing  give  an  acid  of  almost  100  per 
cent,  strength. 

Prentice  devised  on  apparatus  for  automatic  and  continuous  charging  and  dischai^ng 
of  the  retort,  but  this  has  not  given  good  results  in  practice,  so  that  when  the  patent 
lapsed  in  1898  it  was  not  renewed. 

In  1905  the  Election  Works  of  Griesheim  patented  a  process  for  concentrating  dilute 
nitric  acid  by  mixing  it  with  an  excess  of  sodium  polj^phate  (SO^jgHNai  and  then 
distilling  it  at  120°  to  130°.  All  the  nitric  add  was  thus  obtained  pnre  ;  the  polysulphale 
loses  all  its  water  of  hydration  at  230°  to  260°,  and  can  then  be  used  agiun. 

The  condensing  plant  is,  however,  much  more  important  than  the  distilling  plant, 
and  after  many  changes  has  to-day  reached  a  remarkable  d^;ree  of  perfection,  so  that  all 
the  gases  which  are  evolved  together  with  the  HNOj  vapours  are  obtained  separately. 
These  gases  consist  more  especially  of  nitrogen  trioiide,  NiOj,  HQ,  nitrosyl  chloride, 
chlorine,  iocUne  (if  the  nitrate  contains  it),  and  probably  also  oxygen.  The  lower  the  tem- 
perature at  which  the  sulphuric  acid  reacts  with  the  nitrate  the  less  nitrogen  dioxide, 
NOj,  is  formed.  The  HCl  is  formed  by  the  action  of  the  sulphuric  acid  on  chlorides  con- 
tained in  the  mtrate,  and  this  HCl,in  contact  with  nitric  acid,  is  in  turn  partly  transforna-d 
into  chlorine  and  nitrosyl -chloride.  NOsH  -I-  3HC1  —  NOCl  +  (\  +  2HsO,  and  ainoe 
HG,  CI,  and  NOCl  are  evolved  at  lower  temperatures,  these  are  found  in  the  first  products 
of  distillation.  If  the  nitrate  contains  perchlorates  chlorine  derivatives  aie  also  formed 
towards  the  end  of  the  distillation.  All  these  impurities  are  soluble  in  nitric  add,  so  that 
on  simply  condensing  the  vapours  from  the  distillation,  which  was  once  the  general 
practice  and  still  is  in  certain  works  to-day,  a  very  impure  nitric  add  is  obtained,  which 
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must  then  be  separately  purified,  whilst  in  modem  plants  pure  sitrio  acid  is  obtained 
directly. 

The  old  coDdensing  syBtems  were  formed  of  two  batteries  of  seven  double-necked  receivers 
which  were  mipeiposed  in  series,  with  a  final  condensing  tower  for  the  vapours  which 
escaped  from  them.  The  condensation  was  caused  by  the  cooling  effect  of  the  external 
atmosphere  in  iduch  the  receivers  were  placed,  and  one  can  thus  tmderstand  how  the 
working  was  irregular  at  various  seasons,  becaose  the  diSeresce  in  the  outside  temperature 
in  wint^  and  summer  is  often  one  of  40°  to  G0°.  The  numerous  joints  also  favoured  the 
escape  of  gas,  and  sach  plants  occupied  much  space.  The  yield  did  not  exceed  90  per  cent, 
of  the  theoretical  amount  of  HNOi. 

The  first  improvement  which  was  introduced  was  the  initial  cooling  of  the  vapours 
in  a  stoneware  coil  immersed  in  cold  water,  by  which  means  the  number  of  receivers  was 
diminished. 

These  coils  of  baked  stoneware,  which  are  difBcult  to  construct,  w«ro  first  manu- 
factured in  England.    For  the  last  fifteen  years  they  have  also  been  manufactured  by 
Rohrmann  in  Kranschwitz,  near  Moscow,  and  by  the  earthenware  works  of  Bettenhausen, 
near  Caasol.     Since  these  coils  are  costly  they  are  preceded,  in  order  t«  preserve  them  from 
damage,  by  a  receiver  (Pig.  145) 
which    slightly  cools    the    acid, 
vapours   and   retains  the    solid 
and  liquid  substances  which  are 
carried     over.      Aft«r     passing 
through    the    coil    the  vapours 
which    are    not    yet    condensed 
pass   through    two   or   three  re- 
ceivers, and  the  last  traces  are 
retained  in  a  plate  tower  (Lunge- 
Rohrmann,  $tt  p.  262),  through 
which  a  spray  of  water  passes. 
The     remaining     gases,     before 

passing  up  the  chimney,  deposit  PlO.  145. 

their  moisture  in  a  final  receiver 

which  is  provided  with  a  window  in  order  that  the  colour  of  the  gases  passing  out  of  the 
toner  may  be  noted. 

Acid  thus  prepared  is  of  a  strength  of  36°  to  42°  B4.,  though  the  last  acid  which  distils 
is  always  more  dilute  because  the  temperature  is  higher  and  the  sodium  disulphate  gives 
off  wafer.  It  also  contains  a  considerable  quantity  of  nitrous  fumes  which  colour  the 
acid  brownish  yellow. 

In  order  to  decolorise  and  refine  this  add  it  is  necessary  to  heat  it  to  a  temperature 
of  60°  to  80°,  and  a  current  of  dry  air  is  then  passed  through  it-  The  operation  is  shortened 
by  the  direct  employment  of  a  current  of  hot  air  which  simultaneously  heats  the  acid  and 
carries  off  the  nitrous  vapours-  In  1888  Hirsch  improved  the  method  by  slowly  passing 
the  crude  acid  through  a  coil  immersed  in  hot  water  and  passing  a  current  of  air  up  through 
the  coil  in  a  contrary  direction.  By  carefully  regulating  the  outflow,  a  colourless  acid  is 
obtained  which  is  then  cooled  in  a  second  coil  surroimded  by  cold  water,  whilst  the  current 
of  air  saturated  with  nitrons  fumes  passes  into  the  condensing  tower.  The  addition  of 
urea  nitrate  to  the  acid  has  been  proposed  in  order  to  free  it  from  nitrogen  oxides,  as  it 
transforms  them  into  COg  -f  N  ■(-  HgO. 

In  this  manner  such  a  coil  can  be  used  for  the  production  of  100  kilos  of  colourless 
nitric  acid  per  hour,  which  does  not  contain  more  than  0'3  per  cent,  of  NgO,  and  is  free  from 
chlorides. 

In  order  to  avoid  the  necessity  tor  specially  bleaching  the  acid  Guttmann  and  Bohrmann 
bleach  it  directly  during  the  distillation  by  employing  a  series  of  seven  long  vertical  con- 
densing tubes  of  stoneware  (Fig.  146)  communicatjng  with  one  another  below  by  means  of 
a  single  tube  which  collects  the  colourless  condensed  acid,  whilst  a  current  of  hot  air  is 
blown  into  the  delivery  tube  of  the  distillation  apparatus  as  is  swn  to  the  left  of  the  figure, 
and  carries  the  nitrous  vapours  which  are  not  condensed  through  the  final  absorbing'tower. 
The  condensing  tubes  are  immersed  in  a  large  vessel  of  water  the  temperature  of  which 
may  be  regulated  and  are  preceded  by  the  small  receiver.     By  means  of  thin  apparatus 
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a  concentrated  acid  ia  obtained  with  a  yield  of  98  to  99  per  cent  of  that  required  by  theory  ; 
in  some  works  the  condensation  ia  now  efiected  in  simple  glase  tubes. 

In  1891  Valentiner  introduced  with  advantage  the  employment  of  a  vacuum  in  the 
whole  apparatus  by  means  of  a  pump  stationed  at  the  end  of  the  ayatcm.  The  vapours 
which  are  not  condensed  finally  pass  through  several  recoirera  containing  lime  in  order 
to  absorb  all  the  acid  vapours  and  prevent  damage  to  the  auction  pump.  The  lime  must 
be  frequently  renewed. 

In  the  first  plant  for  working  with  a  vacuum  sulphuric  acid  of  66°  Bi.  could  not  bo 
employed  to  react  with  the  nitrate  because  too  much  frothing  occurred,  and  acid  of  60°  B^. 
was  used,  a  more  dilute  nitric  acid  of  40°  to  43°  B6.  being  thus  obtained.  This  acid  has 
to  be  concentrated  by  distilling  it  in  vacuum  with  an  equal  weight  of  sulphuric  acid  of  66°  B6. . 
the  remaining,  more  dilute,  sulphuric  acid  being  used  to  dccompoEO  the  nitrate.  By  » 
recent  patent  of  Valentiner  and  Schwari,  which  has  already  been  mentioned,  the  procrsn 
waa  much  simplified  and  a  very  concentrated  acid  of  49-5°  B6.  was  directly  obtained. 

During  the  last  few  years  the  manufacture  of  nitric  acid  by  combination  of  atmospheric 
nitrogen  and  oxygen  in  electric  furnaces  has  become  of  great  importance,  especially  in 
Norway  {see  p.  304),  but  on  account  of  the  difficulty  and  high  cost  of  concentrating  the 
dilute  acid  so  obtained  the  greater 
part  of  it  is  directly  Iransformed 
into  calcium  nitrate  ;  since  the 
process  of  electrolytic  concentra- 
tion (Ger.  Pat  180,052)  proposed 
and  tried  by  the  brothers  Paulin 
in  the  works  at  Innsbruck  has  not 
yet  given  satisfactory  results,  and 
concentration  by  distillation  with 
sodium  disulphate  is  also  accom- 
panied by  ceitain  inconveniences, 
attempts  have  been  made  to  in- 
crease the  yield  of  nitrogen  oxides 
in  the  electrical  furnace  by  injecting 
Pio.  146.  ■    hydrocarbons    (Ger.    Pat  209,966). 

It  has  also  been  shown  that  on 
burning  carbon  monoxide  in  presence  of  air  in  closed  apartments  under  pressure  nitrogen 
oxides  ai'.d  nitric  acid  are  formed  on  rapidly  cooling  the  CO  flame  against  the  cold  walls 
{Ft.  Pa'.  396,375  of  1908). 

The  day  will  come  when  nitric  acid  will  be  profitably  prepared  from  synthetic  calcium 
nitrate.  In  fact  according  to  Gor.  Pat.  208,143  dry  calcium  nitrate  is  treated  with  strong 
sulphuric  acid  and  the  operation  started  by  the  addition  of  a  little  nitric  acid  ;  the  reaction 
then  occurs  even  in  the  cold,  with  formation  of  concentrated  nitric  acid  and  insoluble 
calcium  sulphate,  which  is  separated  by  filtration. 

Ostwaid  and  Brauer  (1902)  continued  the  preceding  experiments  of  Kuhlmann,  who 
transformed  ammonia  into  nitric  acid  by  passing  it,  together  with  air,  over  platinum 
sponge  heated  to  300°.  Ostwaid  observed  that  the  yields  wore  tow  because  the  reaction 
proceeded  until  free  nitrogen  was  formed,  and  he  therefore  studied  the  conditions  for 
fixing  the  intermediate  product  (nitric  acid),  using  as  a  catalyst  platinum  plates  and  a  little 
platinum  sponge,  and  carefully  regulating  the  current  of  gas  :  the  process  has  been  applied 
industrially  at  the  Lothringen  Hiitte,  near  Bochnm,  where  they  start  from  ammonia 
from  the  ammonia  liquor  of  a  gas  factory.  Frank  and  Caro  perfected  the  catalyst  by  the 
addition  of  a  little  tellurium  oxide  and  cerium  oxide.  In  this  way  they  succeeded  in 
transforming  85  per  cent,  of  the  NH,  into  HNOj.  Until  now  the  manufacture  of  nitric 
acid  has  been  almost  completely  based  on  the  old  process  of  the  decomposition  of  sodium 
nitrate,  which  may  perhaps  one  day  be  replaced  by  synthetic  calcium  nitrate.  Hence  the 
numerous  improvements  which  are  continually  introduced  in  order  to  obtain  a  better  yield 
nith  maximum  economy  by  the  ordinary  process,  by  continually  increasing  the  capacity  uf 
the  retorts  in  order  to  work  with  larger  charges  of  nitrate  and  by  concentrating  the  nitric 
add  in  plant  constructed  of  inert  iron  («e«  p.  269).  According  to  Fr,  Pat  406,969  of  1909,  a 
great  advantage  is  gained  by  using  a  continuoun  process  of  distillation,  that  is,  by  arranging! 
five  retorts  in  series  at  different  levels  and  continuously  passing  the  mixture  of  nitrate 
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and  sulphuric  acid  from  one  retort  to  the  next  by  means  of  syphons  ;  the  first  retort  is 
heat«d  to  110°  to  120°  and  yields  60  per  cent,  of  the  total  acid  at  a  concentration  of  96 
to  97  per  cent,  of  HNO3  ;  the  second  retort  has  a  temperature  of  160°  to  170°  and  yields 
an  acid  of  88  to  90  per  cent.  ;  the  third  is  at  220°  to  250°  and  yields  an  acid  of  60  per  cent.  ; 
the  fourth  at  260°  to  280°  yields  an  acid  of  16  per  cent.  ;  and  the  fifth  at  280°  to  300° 
}nelds  an  acid  of  3*6  per  cent,  and  continuously  discharges  pure  molten  sodium  disulphate.^ 

APPLICATIONS.  Nitric  acid  is  employed  in  the  manufacture  of  sulphuric 
acid  and  of  nitroglycerine,  which  is  used  for  dynamite.  It  is  also  used  in  the 
preparation  of  picric  acid,  guncotton,  organic  nitro-compounds  such  as  nitro- 
benzene, and  ferric  nitrate  for  dyeing.  (At  Lyons  alone  10  tons  of  ferric 
nitrate  are  used  daily  for  dyeing  silk.)  It  is  also  used  in  the  preparation  of 
mercury  fulminate,  and  in  large  quantities  for  the  manufacture  of  smokeless 
powder,  aniline  dyestuffs,  artificial  silk,  and  for  refining  and  treating  the 
precious  metals. 

The  most  highly  concentrated  nitric  acid  is  despatched  in  iron  or  leaden 
vessels,  or  in  glass  carboys  which  are  packed  in  kieselguhr  (infusorial  earth). 
It  is  a  strongly  corrosive  substance  and  a  powerful  oxidising  agent,  and 
sometimes  produces  fires  when  it  comes  in  contact  with  organic  matter. 

When  large  quantities  of  nitric  acid  are  accidentally  spilt,  it  is  not  advisable 
to  absorb  it  with  sand  or  sawdust,  but  it  is  better  to  render  it  harmless  with  a 
powerful  stream  of  water. 

QUANTITATIVE  EXAMINATION  OF  HNO3.     The  approximate  strength  may  be 

found  from  the  density  {see  Tabic,  p.  338),but  for  exact  determinations  it  is  necessary  to 

N 
titrate  it  after  dilution  with  —  potassium  hydroxide  solution,  and  in   order  that   the 

nitrous  acid  may  not  attack  the  methyl  orange  used  as  an  indicator  it  is  first  poiired 
into  an  excess  of  alkali ;  the  indicator  is  then  added  and  the  excess  of  alkali  titrated 
back.  In  the  case  of  fuming  nitric  acid  the  strength  cannot  be  deduced  from  the  density 
by  means  of  the  Tables  which  we  have  given,  because  the  specific  gravity  is  increased  by 
the  dissolved  N2O4.  Thus,  the  quantity  of  this  oxide  dissolved  in  concentrated  acid  of 
48°  B6.  (1*496)  may  be  deduced  by  knowing  that  when  1  per  cent,  of  N2O4  is  dissolved 
the  specific  gravity  is  increased  by  0-0030  ;  with  4  per  cent,  by  0-0252 ;  with  8  per  cent, 
by  0-0532  ;  with  12  per  cent,  of  N2O4  the  specific  gravity  of  concentrated  nitric  acid  is 
increased  by  0-0785.  From  the  density  of  fuming  nitric  acid,  by  deducting  the  increase 
due  to  N2O4  (which  may  be  determined  by  dropping  a  given  volume  of  fuming  nitric  acid 
into  a  measured  volume  of  a  titrated  solution  of  potassium  permanganate)  {see  p.  336), 
the  strength  of  the  true  nitric  acid  may  be  found  from  the  usual  Tables  independently  of 
the  nitrous  acid  which  it  contains. 

Pure  nitric  acid  should  leave  no  residue  on  evaporating  50  c.c.  in  a  capsule  ;  after 
dilution  it  should  give  no  opalescence  with  AgNOa  (chlorides) ;  on  concentrating  10  c.c. 
up  to  1  C.C.  and  diluting  with  water  to  100  c.c.  it  should  not  become  turbid  on  adding  a  few 
drops  of  barium  nitrate  (sulphates  or  sulphuric  acid) ;  when  diluted  with  a  double  volume 
of  water  and  saturated  with  ammonia  it  shoiild  be  unaltered  by  the  addition  of  a  few 
drops  of  ammonium  sulphide  and  oxalate  (heavy  metals  and  alkaline  earths). 

PRICES  AND  STATISTICS.  Nitric  acid  of  36°  B^.  is  sold  at  about  £12  per  ton, 
and  acid  of  43°  B6.,  pure  and  free  from  chlorine,  at  £18  per  ton.  Chemically  pure  acid  of 
38°  B6.  costs  £20  per  ton,  of  47°  B6.  £34,  of  48-7°  B6.  (sp.  gr.  1-510)  £52  per  ton.  Pure 
yellow  fuming  nitric  acid  of  sp.  gr.  1  -480  is  sold  r>t  £34,  and  red  fuming  acid  of  sp.  gr.  1  -525 
(49-5°  B6.)  at  £42  per  ton. 

The  world's  production  of  nitric  acid  in  1880  was  50,000  tons,  of  which  14,000  tons 
were  produced  in  the  United  States  ;  and  in  1890  it  was  100,000  tons,  of  which  23,000  were 
produced  in  the  United  States, 

*  Tho  sodiam  disulphate  may  then  be  utilised  by  the  Oeliler  process  (Ger.  Pat.  136,928)  for  the  manufacture 
of  strong  hydrochloric  acid  and  sodium  sulphate ;  the  disulphate  is  finely  powdered  and  well  mixed  with  a  quan- 
tity of  sodiom  chloride  less  than  that  required  by  the  theoretical  equation  :  NanS0«  +  NaCl  ^  HCl  +  Na,S04. 
This  mixture  does  not  interact  In  the  cold,  but  at  100"  it  reacts  to  the  extent  of  7  per  cent.,  at  200°  to  42  per  cent., 
at  250*  to  70  per  cent.,  at  300**  to  90  per  cent.,  and  at  400**  to  98  per  cent.  It  is  heated  in  mufllt'-furnaces  (he 
internal  temperature  of  which  is  450^*  to  500"*.  In  this  way  a  pure  sulphate  and  a  pure  and  a  very  concentrated 
hydroeliloric  ae|d  ftre  obtained  in  the  ordinary  Cellarius  receivers  {see  p.  162). 
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Sino0  1800  the  production  has  greatly  increased  on  account  of  the  large  consumption 
for  the  manufacture  of  smokeless  powder.  In  1880  Germany  consumed  12,585  tons  of 
nitric  acid ;  in  1894  it  produced  54,000  tons  ;  in  1901  about  70,000  tons  ;  and  in  1909  it 
exported  2138  tons.  Italy  produced  2087  tons  of  nitric  acid  in  1903,  only  1455  tons  in 
1905,  about  2220  tons  in  1906,  more  than  4800  tons  in  1907,  and  5562  tons  in  1908,  of  the 
value  of  £106,600.  (The  imports  were  10  tons  in  1903,  15  tons  in  1906,  38  tons  in  1907, 
and  350  tons  in  1908.)  In  1893  the  Italian  production  was  1990  tons.  The  production  of 
the  United  States  in  1908  was  50,000  tons. 


OXYGEN  AND  HALOGEN  COMPOUNDS  OF  PHOSPHORUS 

OXIDES 

Phosphorus  suboxide,  P4O.  Phosphorus  trioxide  or  phosphorous  anhydride,  P4O8  (or 
P2O3).  Phosphorus  tetroxide,  P2O4.  Phosphorus  pentoxide  or  phosphoric 
anhydride,  P2O5.  v 

ACIDS 


/OH 
PO2H3   «    0  :   P^H 
HypophoepborouB  acid      ""H 

PO2H    «    0   :    P— OH 

MetaphoephoTous  acid 
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Phosphorous  acid 
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Orthophosphoric  acid 
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/OH 
POjH     =   0  :  P^ 
Hetaphosphoric  acid         O 

/OH 
P2O6H4  =   0  :  P^OH 

Hypopfaoftphoric  acid     y  0 

P^OH 
\0H 

/OH 
P2O7H4  -  O  :  Pr-OH 

Pyrophosphoric  acid      yO 
O  :  P^OH 
\0H 


The  oxides  combine  with  various  quantities  of  water  to  form  the  corresjwnding 
acids : 

^4^0  +  2H2O  «=  4PO2H  (metaphosphorous  acid) 
P4O6  +  6H2O  =  4PO3H8  (phosphorous  acid) 
P2O4  +  3H2O  =  POjHj  +  PO4H8 
P2O6  +    H2O  »=  2P08H  (metaphosphorio  acid) 
P2O6  +  2H2O  =  P2O7H4  (pyrophosphoric  acid) 
P2O5  +  3H2O  -  2PO4H8  (orthophosphoric  acid) 

Theoretically  the  orthophosphoric  acid  shoiild  be  P(0H)5,  but  this  compound  does  not 
exist ;  the  phosphoric  acid,  PO4H3,  ordinarily  called  orthophosphoric  add,  is  formed  from 
thia  acid  by  the  elimination  of  one  molecule  of  water,  and  by  the  elimination  of  a  further 
moleciile  of  water  metaphosphoric  acid  is  obtained. 

The  basicity  of  these  acids  is  given  by  the  number  of  hydroxyl  (OH)  groups  which  are 
shown  in  the  constitutional  formulae  {see  above  and  p.  48),  as  on  acting  on  these  acids  with 
bases  only  the  hydrogen  of  the  hydroxyl  groups  is  replaced  by  metals  with  formation  of 
salts,  and  not  that  which  is  directly  linked  to  phosphorus.  The  salts  corresponding  to 
the  acids  in  the  order  in  which  they  are  given  at  the  top  of  this  page  are  called  hypo- 
phosphites,  metaphosphites,  phosphites,  phosphates,  metaphospates,  hypophospihates,  and 
pyrophosphcUes, 

PHOSPHORUS  SUBOXIDE:  P4O  (PHOSPHORUS  PROTOXIDE) 

When  white  phosphorus  is  dissolved  in  potassium  hydroxide,  previously  dissolved  in 
aqueous  alcohol,  H  and  PH3  are  evolved,  and  a.  bright  red  liquid  remains  which  on 
acidification  separates  a  gelatinous  mass,  mainly  composed  of  P4O  ;  on  filtering  and 
repeatedly  freezing,  pure  P4O  is  obtained.  It  has  an  orange  colour,  is  hygroscopic,  and 
reacts  with  water,  partially  forming  PH3.  At  rather  high  temperatures  it  decomposes 
with  formation  of  P^O^  and  P.     It  is  strongly  attacked  by  halogens  and  by  nitrio  acid. 
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PHOSPHORUS  TRIOXIDE:  P4O6  (or  P^Os)   (PHOSPHOROUS 

ANHYDRIDE) 

This  compound  is  obtained  on  heating  phosphorus  gently  in  a  tube  in  a  current  of  dr^^ 
air,  the  phosphoric  anhydride  which  is  formed  at  the  same  time,  and  which  is  less 
volatile,  being  retained  by  a  plug  of  asbestos,  whilst  the  phosphorous  anhydride  condenses 
in  a  cold  flask.  It  may  also  be  obtained  by  heating  phosphorous  acid  with  phosphorus 
trichloride :  2PO8H3  +  2PCI3  =  6HC1  +  P4O6. 

It  forms  white  crystals  united  to  form  a  wax-like  mass  which  melts  at  22*5°,  easily 
sublimes,  and  boils  out  of  contact  with  the  air  at  173^  Its  vapour  density  leads  to  the 
formula  P40«  ;  the  formula  P2O3,  which  was  used  in  the  past,  is  therefore  not  correct. 

It  dissolves  in  cold  water,  forming  metaphosphorous  and  phosphorous  acids.  It 
reacts  actively  with  hot  water,  forming  red  phosphorus  and  phosphoric  acid.  At  about 
60°  it  catches  fire  in  the  air  forming  P2O5.  At  400°  it  decomposes  forming  red  phosphorus 
and  phosphorus  tetroxide,  P204,  which  forms  transparent  crystals  which  yield  phosphorous 
and  phosphoric  acids  with  water.  P2O4  may  thus  be  considered  as  a  mixed  anhydride 
of  these  two  acids  (analogous  to  nitrogen  tetroxide,  p.  336). 


PHOSPHORUS  PENTOXIDE:    Ffi,  (PHOSPHORIC  ANHYDRIDE) 

On  burning  phosphorus  in  iron  cylinders  in  a  current  of  dry  air  a  soft, 
white  powder,  consisting  of  P2O5,  is  formed. 

Since  it  also  contains  lower  oxides  it  is  purified  by  sublimation  in  a  current 
of  oxygen  in  presence  of  red-hot  spongy  platinum.  It  is  known  in  two  modi- 
fications :  one  is  crystalline,  sublimes  at  250°,  and,  when  heated  to  above  this 
temperature,  is  transformed  into  the  second  modification,  which  is  amorphous 
and  only  volatilises  at  a' red  heat,  then  condensing  in  the  crystalline  form. 

It  is  extremely  hygroscopic,  so  that  it  is  deliquescent  in  the  air,  and  dissolves 
very  actively  in  water,  producing  a  hissing  sound,  evolving  heat  and  being 
transformed  into  phosphoric  acid. 

It  is  used  in  many  chemical  operations  as  it  is  the  most  energetic  dehydrating 
agent  known.  It  forms  various  acids  with  water  (see  above).  It  is  placed  on 
the  market  in  hermetically  closed  vessels  at  a  price  of  about  48.  per  kilo. 

/OH 
HYPOPHOSPHOROUS  ACID  :   HaPO^  =  O  :  PfH 

^H 

It  is  obtained  by  heating  a  concentrated  solution  of  sodium  hydroxide  or  lime  or  baryta 
water  with  white  phosphorus  ;  PH3  is  formed  together  with  sodium,  calcium,  or  barium 
hypophoBphite : 

8P  +  3Ba(OH)2  +  6H2O  =  3Ba(P02H2)2  +  2PH8. 

* 
Free  hypophosphorous  acid  is  obtained  from  the  barium  salt  with   sulphuric   acid  ; 

the>>  liquid  is  filtered  and  concentrated  at  reduced  pressure  ;  a  syrupy  liquid  remains 
which  sometimes  crystaUises  in  white  scales,  melting  at  17°.  In  the  heat  it  decomposes 
thus  :    2PO2H8  «=  PH,  +  PO4H8. 

It  has  a  great  affinity  for  oxygen  which  transforms  it  into  phosphoric  acid,  so  that  it 
is  a  ^frong  reducing  agent ;  thus  it  reduces  H2SO4  to  S02»  and  then  to  sulphur  ;  it  separates 
the  metals  gold,  silver,  and  merciu*y  from  certam  of  their  salts  in  solution  ;  it  precipitates 
copper  hydride,  Oa2H4,  on  heating  with  copper  sulphate,  CUSO4,  and  by  this  means  is 
distinguished  from  phosphorous  acid. 

It  is  a  monobasic  acid,  because  it  has  only  one  hydroxyl  hydrogen  atom,  which  can  be 
replaced  by  metals  ;  its  salts,  which  are  called  hypophosphites,  are  soluble  in  water  and 
are  easily  transformed  into  phosphates  in  the  air.  It  is  reduced  by  nascent  hydrogen 
toiPH,. ' 


346  INORGANIC    CHEMISTRY 

METAPHOSPHOROUS  ACID  :   HPO^  =  O  :  P— OH 

This  compound  is  formed  in  very  slender  crystals  by  the  slow  oxidation  of  phosphine 
at  reduced  pressure :  PH3  +  O2  =  Hg  +  PO2H.  It  is  aleo  obtained  from  phosphorous 
anhydride  with  a  little  water.     It  is  transformed  by  steam  into  phosphorous  acid. 

/OH 
PHOSPHOROUS  ACID  :   H3PO3  =  O  :  P~OH 

H 

This  compound  is  obtained  by  the  action  of  phosphorus  trichloride  on  water  : 
PCI5  +  3H2O  =  3HC1  +  POsHj  ;  the  solution  thus  obtained  is  evaporated  in  vacuo, 
and  a  colourless  crystalline  rather  hygroscopic  mas?,  readily  soluble  in  water,  is  thus 
obtained.  It  melts  at  70°,  and  is  decomposed  at  higher  temperatures  into  phosphoric  acid 
and  phosphine,  4PO3H8  «  PH,  +  3PO4H3. 

It  is  also  formed,  together  with  phosphoric  acid,  hypophosphoric  acid  and  ozone, 
by  the  slow  oxidation  of  white  phosphorus  in  moist  air. 

It  is  a  strong  reducing  agent,  as  it  abstracts  oxygen  from  air  and  water,  in  presence  of 
halogens,  with  formation  of  phosphoric  acid.  It  precipitates  the  metals  from  solutions  of 
silver  nitrate,  gold  chloride,  and  mercury  chloride  ;  it  differs  from  hypbphosphorous  acid 
by  not  reacting  with  copper  sulphate. 

Since  it  contains  two  hydroxyl  groups  it  is  a  dibasic  acid  and  forms  two  classes  of 
salts :  neutral  and  acid  phosphites,  two  hydrogen  atoms  being  replaced  by  metals  in  the 
former  and  one  only  in  the  latter.  The  phosphites  differ  from  the  hypophosphites  by 
not  being  oxidised  by  the  air,  but  are  oxidised  by  strong  oxidising  agents.  They 
separate  metals  from  certain  salts  in  the  same  way  as  phosphorous  acid.  On  heating  to 
redness  they  form  hydrogen,  pyrophosphates,  and  metallic  phosphides.  The  phosphites 
of  calcium  and  barium  are  insoluble  in  water. 

With  nascent  hydrogen  phosphorous  acid  forms  PH3.     Certain  compounds  are  known 

/OH 
in  which  phosphorous  acid  appears  to  have  a  symmetrical  constitution  P^-QH. 

PHOSPHORIC  ACID  :   H3PO,  (ORTHOPHOSPHORIC  ACID) 

/OH 

0  :  P^OH 

^OH 

This  acid  is  abundant  in  nature  in  the  fonn  of  phosphates.  It  is  obtained 
in  the  laboratory  by  dissolving  P2O5  in  hot  water  :  PgOg  +  SHgO  =  2PO4H3, 
or  by  decomposing  phosphorus  pentachlbride  with  water  : 

PCI5  +  4H2O  =  5HC1  +  PO4H3. 

It  is  also  obtained  from  phosphorus  oxychloride  and  water  : 

POCI3  +  3H2O  =  3HC1  +  PO4H3. 

It  is  prepared  industrially  by  decomposing  bone  ash  (tricalcium  phosphate), 
by  heating  it  with  the  calculated  quantity  of  dilute  sulphuric  acid  : 

(P04)2Ca3  +  3H2SO4  =  3CaS04  +  2PO4H3. 

It  is  obtained  in  6,  purer  form  by  oxidising  white  phosphorus,  first  in  the  air 
and  then  with  nitric  acid  and  traces  of  iodine,  and  evaporating  the  solution ; 
the  acid  then  remains  in  the  form  of  a  syrup. 

When  free  from  water  it  forms  prismatic  colourless  crystals  deliquescent  in 
the  air,  which  melt  at  38*6°  ;  it  is  very  soluble  in  water  and  the  solution,  which 
is  strongly  acid,  evolves  hydrogen  with  various  metals.  When  heated  to 
200°  to  300°  water  is  evolved  and  pjTophosphoric  acid,  H4P2O-,  is  formed, 
together  with  a  little  metaphosphoric  acid.  When  heated  to  above  400° 
it  is  all  transformed  into  metaphosphoric  acid  in  the  vitreous  fonn. 

Phosphoric  acid  contains  three  H  cations,  and  is  thus  tribasic,  forming 
three  series  of  salts  {see  Part  III,  Calcium  Phosphate,  &c.).     Thus  we  hftve ; 
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NaH2P04,  primary  sodium  phosphate,  monosodium  phosphate,  also  called  acid 
sodium  phosphate  ; 

Na2HP04,  secondary  sodium  phosphate,  or  di-sodium  phosphate,  which  is 
the  ordinary  laboratory  preparation,  called  the  neutral  phosphate  ; 

Na3P04,  tertiary  sodium  phosphate,  or  tri-sodium  phosphate,  also  called 
basic  phosphate. 

All  the  alkali  phosphates  and  the  primary  phosphates  in  general  are  soluble 
in  water  and  give  a  yellow  precipitate  of  silver  phosphate,  Ag3P04,  with  silver 
nitrate.  This  precipitate  is  soluble  in  ammonia  and  in  nitric  acid  ;  the  other 
phosphates  of  the  alkaline  earths  arc  insoluble  in  water. 

Magnesium  salts,  in  presence  of  ammonia,  precipitate  phosphoric  acid  or 
soluble  phosphates  in  the  form  of  magnesium-ammonium  phosphate  : 

MgS04  +  P04HNag  +  NH3  =  S04Na2  +  Mg(NH4)P04 

{with  6H2O  of  crystallisation). 

The  yellow  precipitate  which  is  formed  by  ammonium  molybdate  with 
phosphoric  acid  or  phosphates  in  presence  of  nitric  acid  at  a  temperature  of 
about  60°,  is  also  of  analytical  importance  ;  the  product  has  the  formula  : 
P04(NH4)3.11Mo03  +  6H2O  =  amTnonium  phosphomolybdate. 

Phosphoric  acid  is  used  in  the  preparation  of  various  phosphates  and  also 
of  hydrogen  peroxide.  The  crude  acid  in  paste  form  (48  to  50  per  cent.)  costs 
about  £20  per  ton  ;  the  commercially  pure  liquid  acid  of  44°  B6.  (40 percent.) 
eost«  £14  ;  the  chemically  pure  solution  of  34°  Be.  costs  la,  l^d.  per  kilo, 
and  of  63°  Be.  2^.,  and  the  crystallised  solid  35.  3d,  per  kilo. 

METAPHOSPHORIC  ACID :    HPO3  =  O  :  P<o^ 

This  compound  is  formed  by  heating  phosphoric  acid  to  redness  ;  it  is  also  easily  obtained 
by  treating  phosphorus  pentoxide  with  the  calculated  quantity  of  water :  P2O5  +  H2O  =- 
2'P03H,  or  by  heating  diammonium  phosphate :   (NH4)2HP04  «  2NHs  +  HgO  +  POsH. 

It  forms  a  transparent  glassy  mass  which  melts  on  heating,  and  evaporates  without 
decomposition.  It  is  the  most  stable  and  the  most  energetic  at  high  temperatmres 
of  the  oxy-acids  of  phosphorus.  It  is,  however,  very  soluble  in  water,  and  therefore 
very  hygroscopic.  It  is  distinguished  from  ortho-  and  pyrophosphoric  acids  by  its 
property  of  coagulating  an  aqueous  solution  of  albumen.  The  aqueous  solution  of  meta- 
phosphoric  acid  is  transformed  at  ordinary  temperatures  into  orthophosphoric  acid  : 
HPO3  +  H2O  «  PO4H3. 

It  contains  a  single  atom  of  hydroxylic  hydrogen  and  is  thus  a  monobasic  acid.  Its 
salts  are  C€klled  metaphosphates  and  are  prepared  by  heating  the  primary  orthophosphates  : 
P04XaH2  =»  H2O  +  POsNa.  The  reverse  reaction  is  obtained  on  heating  the  meta- 
phosphates with  water.  It  forms  a  white  precipitate  with  barium  or  calcium  chloride, 
differing  thus  from  pyrophosphoric  acid. 

Metaphosphoric  acids,  and  corresponding  salts,  are  known  which  are  formed  by  the 
pcjlymerisation  of  one  or  more  molecules  of  ordinary  metaphosphoric  acid  ;  there  appear 
to  be  well-defined  di-,  tri-,  tetra-,  and  hexa -metaphosphoric  acids :   [HPOaJn. 

PYROPHOSPHORIC  ACID  :   H4P2O,  =   2o>P— O— P'^OH 

This  acid  is  obtained  by  heating  orthophosphoric  acid  to  over  210°,  with  separation 
of  water  :  2PO4H3  —  H2O  =  P2O7H4.  A  little  metaphosphoric  acid  is,  however,  always 
formed  at  the  same  time,  so  that  it  is  better  to  prepare  it  by  heating  disodium  phosphate  : 
2P04HNa2  «  H2O  4-  p207Na4 ;  the  sodium  pyrophosphate  is  dissolved  in  water  and 
precipitated  with  a  soluble  lead  salt ;  the  lead  is  then  eliminated  with  HgS  and  the  solution 
filtered.  On  concentrating  the  solution  of  the  free  acid  in  vacuo  a  white  crystalline  mass 
remains,  which  is  very  soluble  in  water  ;  in  course  of  time  the  aqueous  solution  is  trans- 
formed into  orthophosphoric  acid. 

It  is  a  tetrabasic  acid,  and  its  salts  are  called  pyrophosphates.  However,  only  two 
series  of  salts  are  known,  the  di-  and  tctra-substituted  salts  ;  these  are  stable,  and  only 
regenerate  the  normal  phosphat.es  under  the  action  of  mineral  acids, 
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Pyrophosphoric  acid  is  distinguished  from  orthophosphoric  acid  by  giving  a  white  pre- 
cipitate of  silver  pyrophosphate  with  silver  nitrate.  It  does  not  coagulate  egg  albumen,  and 
is  not  precipitated  by  barium  chloride,  differing  in  these  respects  from  metaphosphoric  acid. 

HYPOPHOSPHORIC  ACID :  H^P^O,  =  0  :  P^Ro— P<^JJ 

On  Un 

This  compound  may  be  considered  to  be  formed  by  the  dehydration  of  one  molecule 

of  phosphoric  acid  and  one  molecule  of  phosphorous  acid  : 

\  PO  H  —  ^*^  ^  P2O6H4. 

It  is  obtained  by  the  slow  oxidation  of  moist  white  phosphorus  in  the  air,  together 
with  phosphorous  and  phosphoric  acids,  from  which  may  be  separated  by  neutralising  the 
mixture  with  NaOH,  because  it  forms  a  sodium  salt :  P206Na2H2  +  6H2O,  which  crystal- 
lises well,  and  is  only  slightly  soluble  in  water  ;  with  aqueous  barium  chloride  insoluble 
barium  h^'pophosphate  is  obtained,  which  is  then  decomposed  with  dilute  sulphuric  acid  : 
on  61tering,  a  stable  solution  of  free  hypophosphoric  acid  is  obtained.  At  temperatures 
below  30°  it  can  also  be  obtained  in  crystals.  At  high  temperatures  it  is  decomposed 
into  phosphoric  and  phosphorous  acids.  It  is  distinguished  from  phosphorous  acid  by 
not  reducing  metallic  salts.  It  is  a  tetrabasic  acid  as  it  contains  fotu*  atoms  of  hydroxylic 
hydrogen  and  four  series  of  salts  are  known. 

The  following  characteristic  reactions  suffice  to  distinguish  ortho-,  pyro-,  and  meta- 
phosphoric acids  from  one  another.  Of  the  aluminium  and  chromium  salts  only  the 
orthophosphates  are  soluble  in  acetic  acid.  Cobalt  meta-  and  pyrophosphates  have  a  red 
colour  and  are  soluble  in  excess  of  the  same  phosphates,  but  insoluble  in  acetic  acid  ;  cobalt 
orthophosphate,  on  the  other  hand,  is  blue,  insoluble  in  excess  of  orthophosphates,  but 
soluble  in  acetic  acid  ;  in  this  way  even  traces  of  orthophosphoric  acid  may  be  detected 
in  presence  of  the  other  two  acids.  Alkaline  solutions  of  bismuth  (and  also  amminocobaltic 
solutions)  only  form  a  precipitate  with  metaphosphates,  soluble  in  excess  of  metaphosphates. 
The  pyrophosphates  alone  give  a  precipitate  with  copper  salts,  which  is  soluble  in  excess  of 
pyrophosphate  ;  the  ortho-  and  metaphosphates  are  not  precipitated  by  copper  salts. 

VARIOUS  PHOSPHORUS  DERIVATIVES 

PHOSPHORUS  OXYCHLORIDE  :  PCClj.  This  compound  may  be  considered  as  a 
chloride  of  orthophosphoric  acid,  in  which  the  three  hydroxyl  groups  are  replaced  by 
three  atoms  of  chlorine.  It  is  produced  by  treating  phosphorus  pentoxide  with  a  little 
water :  PCI5  +  HgO  =  2HC1  -f  POCls,  or  preferably  by  distilling  PClg  with  phosphorus 
p?ntoxide  :   SPCls  +  P2O5  =  5POCI3,  or  with  boric  acid  : 

SPClfi  +  2BO3H3  =  3POC18  +  BgOs  +  6HC1. 
By  the  action  of  ozonised  air  on  phosphorus  trichloride,  the  oxychloride  is  also  formed 
by  direct  addition  of  one  atom  of  oxygen  : 

PCI3  +  03  =  POCI3  +  O2. 

Pot-assium  chlorate  also  reacts  energetically  with  phosphorus  trichloride  : 

3PCI3  +  ClOsK  =  SPOClg  +  KCl. 

It  is  a  colourless  liquid  which  fumes  strongly  in  the  air,  of  sp.  gr.  1-68  ;  it  boils  at  107* 
and  solidifies  below  2°. 

It  is  decomposed  by  water  into  meta-  and  orthophosphoric  acids  : 

POCI3  +  2H2O  =  POgH  +  3HG1, 

and  with  much  water  :    POCI3  +  3H2O  =  PO4H3  +  3HC1. 

Phosphorus  oxychloride  is  also  prepared  by  distilling  1  part  of  dry  oxalic  acid  with 
2  parts  of  PCI5.     It  costs  about  48.' Qd.  per  kilo. 

The  chlorine  in  POCI3  can  be  replaced  step  by  step  by  means  of  NH3  with  ammoniacal 

residues,  and  one  thus  obtains,  for  example.  POCI2  .  NH2  and  PO(NH2)3  ;  the  compound 

Chlorophosphoric  Phosphoric 

amide  triamide 

O  :  P     ^j„  '^,  aminophosphoric  acid,  is  also  known  and  also  0  :  P<C/xtit\  =diamino- 

iNxl2  V^^)2 

phosphoric  acid  ;  so  are  also  O  :  ^<  ^ttt^*  phosphamide,  and  PgHgN^,  phospham,  &c. 
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PHOSPHORUS  SULPHOCHLORIDE :  PSCl,.  This  compound  ie  of  analogous 
compoeition  to  the  oxychlolide,  and  is  obtained  by  heating  phosphorus  trichloride 
with  sulphur  to  130°,  or  by  the  following  reaction  :  PClj  +  HjS  =  PSClj  +  2HC1. 

ItfonnsacoIourleBaliquid.whichboils  at  124°  10  126°,  of  ap.  gr.  I '6.  It  is  decomposed 
by  water,  forming  phosphoric  acid,  hydrochloric  acid  and  hydrogen  tnjlphide. 

PHOSPHORUS  TRISULPHIDE  and  PEHTASULPHIDE  :  P^S,  and  PsSj.  These 
compounds  are  obtained  by  the  direct  interaction  of  sulphur  and  red  phosphorus  ;  with 
white  phosphorus  explosioos  easily  occur.  They  are  cryatallino  yeJlow  compounds  ;  the 
former  boUs  at  540°,  the  latter  at  520°,  and  melts  at  275°.  With  water  they  form  HjS 
and  phosphorous  and  phosphoric  acids  respectively.  F^Sb  is  to-day  used  in  large  quantities 
for  the  mamofacturo  of  safety  matches  which  may  be  struck  on  any  surface. 

PsSs  is  often  employed  for  the  preparation  of  various  organic  products  (thio- 
raters,  ftc.) ;   with  potassium  sulphide  it  forms  potassium  thiophosphate,  K3PS4. 

PHOSPHATES,  SUPERPHOSPHATES,  and  CHEMICAL  FERTILISERS  (aet 
Part  m).  M 

OXYGEN  AND  HALOGEN  COMPOUNDS  OF  ARSENIC 

Arsenic  triozide,  areenious  anhydride,  As4O0(AsgOs). 
Arsenic  pentoxide,  arsenic  anhydride,  AstO^. 
Arsenious  acid,  HjAsOj  (not  known  in  the  free  state). 
Arsenic  add,  HiAsO^. 

ARSENIC  TRIOXIDE,  ARSENIOUS  OXIDE:  As,0«,  or  As,0, 
This  compound  is  commonly  called  arsenic,  while  arsenic,  or  arseni<ms  acid. 
It  is  found  in  small  quantities  in  nature  as 
areenolite,  Aafi^,  in  octahedrio  crystals'  and 
in  various  minerals.  It  is  formed  by  burn- 
ing arsenic,  or  arsenic  minerals  in  general, 
in  presence  of  air,  AsjOg,  which  is  volati- 
lised, is  collected  in  suitable  chambers.  It 
w  also  formed  as  a  white  powder  by  oxidising 
arsenic  with  dilute  HNOj.  It  is  ordinarily 
manufactured  in  lai^e  quantities  from  the 
dust  which  separates  from  pyrites  gases  (see 
p.  257),  or  from  other  arsenical  minerals  when 
ihey  are  roasted  in  a  furnace.  PYom  such 
dust  the  AsjOa  is  obtained  by  sublimation. 

In  order  to  purify  it,  it  is  sublimed  from 
iron  retorts  and  then  on  slow  cooling  forms 
an  amorphous  transparent  glass-like  mass 
(vitreous  arsenic)  of  sp.  gr.  3-74,  which 
gradually  becomes  opaque  like  porcelain. 
If,  on  the  other  hand,  the  vapours  are 
rapidly  cooled  it  ia  obtained  in  a  crystalline  i'la.  Hi. 

form.     The    crystals    are    regular   and    of 

^p.  gr.  3'6d  ;  but  in  nature  it  is  sometimes  found  in  a  monoclinic  form  known 
as  claudetite,  AsjOj. 

In  some  works  the  sublimation  is  carried  out  in  vertical,  cast-iron,  cylindrical  retorts, 
holding  200  kilos  of  the  material  (Fig.  147),  and  surmounted  by  two  or  throe  cast-iron 
cylinders,  h,  of  which  the  uppermost  contains  an  opening,  m,  in  order  to  aid  the  removal 
of  any  obstructiwis  in  the  bonnet-shaped  tubes  by  which  it  is  smmounted,  and  which 
cnler  a  condensing  chamber,  L.  The  whole  ia  heated  by  direct  flame,  the  temperatxwe 
being  gradually  raised  and  finally  maintained  constant  for  twelve  days,  and  the  chaTnbor,  L, 
ia  kept  at  such  a  temperature  that  the  AsjOj,  which  condenses  as  a  powder,  is  softened, 
and  forms  a  compact  mass,  which,  after  lifing  removed  from  the  furnace  and  cooled,  forms 
cumpact  glassy  blocks,  suitable  for  sale.     In  the  Figure  the  chimney,  g,  which  causcN  the 
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necessary  draught  is  also  shown.  Regular  blocks  of  vitreous  or  marbled  white  arsenic 
are  obtained  by  compressing  the  powder  in  moulds  and  then  heating  the  blocks  so  obtaincnl 
more  or  less  strongly  and  continuously.  The  workmen  in  arsenic  works  shoiild  wear 
overalls  and  a  hood  to  cover  the  head,  and  their  hands  slioiild  be  encased  in  gloves.  They 
should  also  wash  themselves  with  water  containing  a  little  ferric  hydroxide  (BunFeii's 
antidote). 

PROPERTIES.  When  heated  in  the  air  it  sublimes  at  218°  without 
melting.  Amorphous  arsenic  trioxide  dissolves  in  25  parts  of  water;  the 
crystalline  form  requires  80  parts  of  water ;  the  solution  has  an  acid  reaction. 
It  is  easily  soluble  in  KCl,  but  insoluble  in  alcohol :  it  has  a  sweetish  taste,  is 
odourless,  and  poisonous.^ 

In  spite  of  its  highly  poisonous  properties  this  compound  is  used  as  a 
stimulant  for  ill-nourished  people  and  for  rapidly  fattening  beasts  for  market.- 

'  Invesligation  of  Catet  of  Arsenic  Poisoning.  Arsenic,  eepecially  in  the  fonn  of  As,Oa  (white  arsenic),  is  in 
common  lue  in  the  arts  and  Industries,  and  is  sometimes  also  used  for  domestic  purposes — for  example,  in  pai»le 
form  as  a  rat  poison.  It  tias  no  external  properties  which  reveal  its  poisonous  nature ;  it  is  a  white,  odourless, 
tasteless  powder,  and  may  Inadvertently  cause  poisoning. 

0-1  to  0-2  grm.  of  AsaOa  when  dissolved  may  be  fatal  to  a  man ;  whilst  in  the  solid  state,  on  the  other  hand,  people 
have  been  known  to  swallow  as  much  as  7  grms.  without  dying.  It  is  then  found  in  the  body,  more  especially  in 
the  stomach,  the  spleen,  the  liver,  and  the  intestines. 

The  symptoms  of  arsenic  poisoning  are  nausea,  burning  in  the  stomach,  continuous  vomiting  of  slimy  and 
even  blood-stained  matter,  violent  thirst,  extremely  painful  cramp  in  the  intestine,  a  hurried  but  feeble  pulse, 
cold  perspiration  on  the  body  with  great  internal  heat,  distressed  and  even  contorted  face.  There  follow  convulsions;, 
fainting  fits,  delirium,  and  finally  death,  which  in  rare  cases  occurs  in  a  few  hours,  more  often  after  one  or  two 
or  even  several  days,  sometimes  even  after  a  week.  When  poisoning  has  once  commenced  death  is  rarely  prevented, 
and  the  medical  man  is  only  able  to  attempt  to  eliminate  the  still  unaltered  arsenic  from  the  system  by  means 
of  emetics.  Bunsen's  antidote,  which  is  prepared  from  a  solution  of  ferric  sulphate  containing  10  grms.  of  iron 
per  250  c.c.  and  250  c.c.  of  magnesia  suspension  prepared  with  15  grms.  of  calcined  magnes'a,  is  very  effective. 
After  this  has  settled  and  been  decanted  a  spoonful  may  be  given  every  half-hour.  Sometimes  the  poisoned  indi- 
vidual may  be  placed  out  of  danger  in  twelve  hours. 

In  legal  process^  the  court  relies  especially  on  the  chemical  examination,  which  should  therefore  be  conduct eil 
by  an  expert,  because  serious  responsibility  is  implied.  The  materials  which  are  ordinarily  received  for  the 
investigation  consist  of  the  suspected  food,  of  vomited  matter,  and  the  contents  of  the stomachand  intestines 
preserved  in  pure  spirit.  The  chemist  should  take  every  precaution  that  the  material  is  not  tampered  wit  h  in 
his  laboratory,  and  should  guarantee  this,  and  prevent  the  entry  of  any  unauthorised  person,  by  placing  ee&h, 
on  the  door,  metallic  netting  over  the  windows,  dc.  When  possible  it  is  desirable  to  keep  about  half  of  the 
material  received  until  the  end  of  the  process,  so  that  it  can  be  used  for  an  eventual  appeal.  As  far  as  is 
possible  the  quantity  of  arsenic  should  also  be  determined,  because  traces  of  arsenic  are  to-day  found  cver>- where, 
especially  in  certain  wall-paper  pigments,  in  fabrics,  and  in  the  air,  and  as  volatile  products  formed  by  the 
action  of  certain  moulds,  penicillium  brevicaule,  on'non-volaiile  arsenic  compounds.  Thus  in  such  cases  the  mere 
presence  of  traces  of  arsenic  does  not  always  prove  poisoning. 

Before  the  investigation  is  started  it  is  necessary  for  the  chemist  to  control  his  reagents  in  order  to  be  certain 
that  they  are  free  from  arsenic  by  making  a  blank  test,  tliat  is,  by  making  a  complete  test  for  arsenic  in  the  reagents 
before  the  addition  of  the  suspected  material. 

The  material  under  examination  is  first  minutely  examined  with  a  lens  in  order  to  search  for  any  granules  of 
arsenlous  oxide  which  may  remain  unaltered  ;  in  this  case  they  are  washed  with  water  and  then  placed  in  a  drawn- 
out  glass  tube,  closed  at  the  lower  end,  and  a  piece  of  charcoal  is  then  placed  above  them  and  the  whole  heated 
in  the  flame.  If  arsenic  is  present  a  metallic  mirror  is  formed  in  the  upper  i)ortion  of  the  tube.  The  charcoal  is 
removed,  the  lower  part  of  the  tube  is  opened  with  a  flic,  and  it  is  then  heated  whilst  held  at  an  angle,  the  aisonic 
being  thus  transformed  into  a  white  coating  of  oxide,  which  on  dissolving  in  hot  water  gives  a  characteristic  yellow 
precipitate  with  silver  nitrate. 

If  poisoning  with  arsenlous  oxide  or  arsenites  is  alone  suspected,  it  is  sufficient  to  distil  the  suspected  matter 
with  fused  sodium  chloride  and  a  little  pure  sulphuric  acid  (an  excess  of  acid  produces  SOt).  Arsenic  trichlc  ridi\ 
AsC3(,  Is  thus  produced,  which  is  volatile,  and  on  distillation  condenses  in  water  and  is  precipitated  carefully  with 
hydrogen  sulphide  on  warming.    The  As^Sa  is  then  separated  and  examined  apart. 

When  it  is  not  known  by  what  arsenic  compounds  the  poisoning  may  liave  been  produced  the  following  general 
procedure  is  adopted.  After  the  whole  of  the  substance  to  be  analysed  has  been  well  subdivided  it  is  moistenttl 
with  a  little  water,  and  as  much  pure  UCl  of  sp.  gr.  1-2  is  added  as  there  is  solid  matter  present.  It  is  then  heat  til 
on  the  water-bath,  adding  a  small  piece  of  potassium  chlorate  every  five  minutes,  and  this  xirocess  is  continued 
imtil  all  the  organic  matter  is  decomposed.  The  whole  is  then  heated,  until  finally  a  clear  yellow  liquid  reniatn:^ 
which  no  longer  smells  of  chlorine.  This  is  then  filtered,  saturated  with  HaS  at  a  temperature  of  70"",  and  allowcti 
to  stand  for  twenty-four  hours.  Any  precipitate  which  may  have  formed  is  collected  on  a  filter  and  the  liquid  is 
tested  with  HtS  to  see  if  any  further  precipitate  is  formed.  The  mass  remaining  on  the  filter  may  also  contain 
lead,  antimony,  tin,  &c.  It  is  heated  with  ammonia,  fllteied,  the  liquid  taken  to  dr>'nes8  and  cMixxirated  again 
several  times  with  nitric  acid.  It  is  then  neutralised  with  sodium  hydroxide  and  again  evaporated  to  dryno^. 
The  residue  is  melted  with  a  mixture  of  soda  and  pure  potassium  nitrate,  free  from  chlorides,  because  these  would 
form  volatile  AsCla  on  heating.  The  fused  matter  is  then  digested  with  a  little  water  and  filtered.  If  Sb  is  proent 
it  remains  undissolved.  The  arsenic  in  the  filtered  liquid  is  precipitated  with  HtS  in  the  manner  already  dcscribi-tl. 
and  the  arsenic  sulphide  so  formed  may  also  be  weighed  in  order  to  have  an  approximate  figure  for  the  quantity  of 
arsenic  which  was  used  if  poisoning  has  occurred. 

On  treating  the  sulpliidc  with  nitric  acid  and  c\'aporating  to  dryness  AbjO,  is  formed,  which  is  dissolved  in  hot 
water  and  may  then  be  introduced  into  the  Marsh  apparatus  in  order  to  obtain  arsenic  mirrors,  soluble  in  sodium 
hypochlorite.  These  mirrors  may  be  carried  into  court  as  legal  evidence. 

-  It  is  usual  to  administer  white  arsenic  in  gradually  increasing  doses  to  cattle  and  to  horses,  because  they 
then  fatten  more  quickly  and  also  acquire  a  glossy  coat.  The  horses,  when  they  sweat,  then  form  a  dense  white 
froth,  which  is  esteemed  as  a  sign  of  a  horse  of  pure  breed.   The  animals  may  In  thisM'ay  be  accustomed  to  large 


ARSENIOUS    ACID  851 

It  crystallises  from  hydrochloric  acid  in  fine  crystals,  and  during  crystallisa- 
tion the  vitreous  oxide  becomes  phosphorescent,  whilst  that  which  is  opaque 
like  porcelain  does  not  show  this  phenomenon.  On  cooling  vapours  of  AsjOg 
rapidly  crystals  of  the  regular  system  are  obtained ;  but  on  cooling  slowly 
monoclinic  crystals  are  formed.  Acids  dissolve  arsenious  oxide,  and  on  boiling 
the  solution  in  hydrochloric  acid  arsenic  trichloride,  AsClg,  is  volatilised  ;  with 
nascent  hydrogen  it  forms  arsenic  hydride,  AsHg.  When  heated  with  carbon 
an  odour  of  garlic  is  produced,  and  it  is  reduced  to  free  arsenic  which  coUects 
as  a  metallic  mirror  if  the  heating  took  place  in  a  closed  tube.  With  strong 
oxidising  agents,  such  as  CI  and  HNO3,  it  forms  arsenic  acid. 

The  size  of  the  molecule  varies  with  the  temperature  ;  vapours  at  600° 
to  700°  contain  a  double  molecule,  As40^j ;  above  700°  dissociation  commences, 
and  at  1800°  only  molecules  of  AsgOg  are  present. 

Its  heat  of  formation  is  647  Kj. 

AsjOj  is  used  in  the  preparation  of  numerous  arsenical  compounds,  for  the 
manufacture  of  certain  pigments  such  as  Schweinfurt  green  and  Paris  green, 
for  the  preservation  of  hides,  for  treating  felt  in  hat  manufacture,  as  a  mordant 
in  calico  printing,  in  the  production  of  glass,  in  agriculture  for  fattening  beasts, 
and  for  keeping  the  hair  of  cattle  and  horses  bright.  At  one  time  it  was  much 
used  in  aniline  dyestuff  factories,  for  reducing  nitrobenzene.  {Translator' a 
luyte. — By  this  is  not  meant  the  production  of  aniline,  &o .,  but  the  manufacture 
of  magenta — fuchsine — and  similar  dyestuff s.) 

Commercial  A32O3  in  lumps  costs  about  £36  per  ton  and  in  powder  £32  ;  in 
1909  the  price  fell  to  about  half.  Pure  AsgOs,  in  powder,  for  pharmaceutical 
use,  is  twice  as  expensive. 

The  world's  production  reached  6000  tons  in  1903  of  the  value  of  £94,000 
at  a  mean  price  of  £16  per  ton.  Of  this  quantity  233  tons  were  produced  in 
Canada,  2770  tons  in  Germany,  1088  tons  in  Spain,  917  tons  in  England,  &c. 
The  United  States  used  about  half  of  the  world's  production  for  the  manu- 
facture of  Paris  green  and  colouring  matters  and  for  agricultural  purposes, 
importing  about  2000  tons. 

The  production  of  the  individual  countries  in  1903  was  :  United  States, 
600  tons  ;  England,  917  tons  ;  Spain,  1088  tons  ;  Germany,  2768  tons  ; 
Canada,  233  tons. 

Italy  imported  275  tons  in  1904  ;  147  tons  m  1906  and  270  tons  in  1908, 
to  the  value  of  £7580.    In  1908  it  produced  16-2  tons  of  the  value  of  £375  lis, 

/OH 
ARSENIOUS  ACID  :   H3ASO3  =  As^OH 

^OH 

This  acid  is  not  known  in  the  free  state  ;  it  perhaps  exists  in  aqueous 
solution,  although  it  appears  to  be  dissociated  into  ions  corresponding  to  the 
formula,  H3ASO3,  and  more  still  into  HAsOg.  Being  a  tribasic  acid  it  is  able 
to  form  three  series  of  salts  called  ar seniles.  It  ordinarily  forms  tertiary 
salts,  for  example,  Agj AsOg,  which  is  of  a  yellow  colour,  and  is  obtained  from  the 
neutral  solution  of  an  arsenite  with  silver  nitrate.  The  alkali  arsenites  are 
soluble  in  water  and  act  as  strong  reducing  agents,  being  transformed  into 
arsenates,  especially  in  presence  of  iodine.  With  silver  nitrate  in  neutral  solu- 
tion yeUow  silver  arsenite  is  formed  which  is  soluble  in  acids  and  in  ammonia. 
With  HgS  in  acid  solution  yellow  As^Sg  is  precipitated,  which  is  insoluble  in 
acids  but  soluble  in  ammonium  carbonate  or  sulphide. 

dosea  without  symptoma  of  poisoning.  In  the  case  of  sheep  as  much  as  15  grms.  may  be  thus  given  per  day.  Before 
slAughtering  such  beaiits  it  is,  however,  necessary  to  stop  the  arsenic  treatment  for  at  least  fifteen  days. 

Certain  men — ^the  "  Arsenic  Eaters"  of  Lower  Austria  and  Hungary — accustom  themselves  to  doses  of  0*25 
gnn.  of  arsenic  per  day,  which  they  take  in  order  to  maintain  themisclvus  healthy  and  robust,  and  for  the  pre- 
vention of  disease.  Under  the  action  of  arsenic  metabolism  is  rendered  much  more  intense,  but  when  the 
treatment  \rith  arsenic  ceases  the  organism  rapidly  degenerates. 
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The  alkali  salts  appear  to  have  an  asymmetric  constitution  derived  from 

/OH 
the  hypothetical  dibasic  acid,  0  :  As^;— OH,  corresponding  to  phosphorous  acid. 

H 
The  arsenites  of  the  other  metals  correspond  to  the  formula,  HgAsjO^; 
and  are  only  slightly  soluble  or  entirely  insoluble  in  water.    In  cases  of  arsenic 
poisoning  ferric  hydroxide  is  administered  a^s  an  antidote,  as  it  forms  an  insoluble 
iron  salt  {see  preceding  Note). 

ARSENIC  PENTOXIDE:    AsjOg  (ARSENIC  ANHYDRIDE, 

ARSENIC  OXIDE) 

This  compound  is  formed  by  heating  arsenic  acid,  H8ASO4,  until  no  further  water  is 
formed  :  2ASO4H3  »  3H2O  +  AS2O3,  and  forms  a  white  glassy  mass  of  sp.  gr.  3*73»  slowly 
soluble  in  water  with  generation  of  arsenic  add.  On  heating  it  strongly  to  redness  it  gives 
off  oxygen  and  forms  As20s,  and  this  explains  why  on  burning  As  in  the  air  AS2O3  alone  is 
formed,  as  this  is  the  more  stable  compotmd.  Its  true  molecular  weight  has  not  yet  been 
directly  determined. 

ARSENIC  ACID:   H3ASO4 

This  compound  is  formed  by  oxidising  arsenic  and  AS2O3  with  concen- 
trated nitric  acid,  and  crystallises  from  the  solution  in  rhombic  prisms, 
ASO4HS  +  JHgO.  At  100°  it  loses  the  water  of  cr3rstallisation,  forming 
H3ASO4,  which  is  transformed  at  140°  to  180°  into  pyroarsenic  acid,  which  forms 
white  shining  crystals  :  2ASO4H3  =  HgO  +  AS2O7H4.  Pjrroarsenic  acid  in  turn 
loses  water  at  200°,  forming  white  crystals  of  meta-arsenic  add,  HAsOs-  These 
two  latter  acids  regenerate  arsenic  acid  with  water.  On  heating  a  solution 
of  arsenic  acid  in  HCl,  a  portion  of  the  former  is  volatilised  as  AsClj. 

/OH 
Ordinary  or  orthoarsenic  acid  is  tribasic  :    0  :  As— OH,  and  forms  three 

^OH 
series  of  salts  called  arsenates,  which  are  analogous  to  the  phosphates  and  iso- 
morphous  with  these.  With  silver  nitrate  in  neutral  solution  it  forms  a 
reddish-broum  tri-silver  arsenate  which  is  insoluble  and  analogous  to  silver 
phosphate,  which  is  yellow,  whilst  arsenites  in  neutral  solution,  on  the  other 
hand,  form  a  yellow  precipitate.  Hydrogen  sulphide  acts  on  acid  solutions 
of  arsenates  forming  a  yellow  precipitate  of  arsenic  sulphide,  insoluble  in  acid 
and  soluble  in  ammonium  sulphide  or  carbonate.  With  a  mixture  of  NH,, 
NH4CI,  and  magnesium  sulphate  (magnesia  mixture)  arsenates  form  a  white 
crystalline  precipitate  of  ammonium  magnesium  arsenate, 

Mg(NH4)As04  +  6H2O. 

They  also  form  a  yellow  precipitate,  analogous  to  that  produced  by 
phosphates,  on  boiling  with  ammonium  molybdate  in  presence  of  HNOa- 

Arsenic  acid  was  at  one  time  very  much  used  in  the  manufacture  of  aniline 
dyestuffs.  It  is  placed  on  the  market  to-day  in  strong  solutions  of  75°  Be. 
for  use  in  calico  printing  at  £36  per  ton,  or  as  a  solid  at  £64. 

ARSENIC  SULPHIDES:   As,Sj,   As^S,,  As^S^ 

These  are  formed  directly  from  the  elements  ;  the  two  latter  are  also 
obtained  from  the  arsenic  oxides  with  HgS  (in  which  particular  arsenic  behaves 
as  a  metal)  : 

AS2O3  +  3H2S  =  3H2O  +  AS2S3  ;    AS2O5  +  5H2S  =  5H2O  +  AsjSg. 

ARSENIC  DISULPHIDE  :  AsgSj.  This  compound  is  found  in  nature  as  a  mineral. 
realgar  y  and  forms  ruby -red  crystals  of  sp.  gr.  5-5.  It  is  prepared  by  melting  together  the 
calculated  quantities  of  As  and  S. 

It  was  ue  ed  in  painting,  but  its  us<'  has  now  been  abandoned  as  it  is  poisonous.     It  is 
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used  for  fireworks,  in  the  manufaotare  of  rubber  balloons,  in  calico  printing  (as  a jedudng 
agent  for  indigo)  and  also  for  removing  the  hair  from  hides.     It  costs  about  £40  per  ton. 

ARSENIC  TRISULPHIDE :  As^S,.  This  compound  is  also  found  in  nature  as  the 
mineral  orptmenl,  in  yellow,  crystalline,  scaly  lustrous  masses  of  sp.  gr.  3'4.  Arsenious 
add  and  arsenites  in  acid  solution  form  with  H2S  a  bright  yellow,  amorphous  precipitate 
of  AsftSs*  insoluble  in  water  and  in  acids,  but  soluble  in  alkalis  or  alkali  sulphides ;  when 
melted  it  forms  a  product  similar  to  orpiment,  but  of  sp.  gr.  2-7.  It  is  prepared  indus- 
trially by  melting  AS2O8  with  sulphur.  When  boiled  for  a  prolonged  period  with  HQ 
it  forms  volatile  AsCls.  It  was  much  used  in  oil  pigments,  but  less  is  used  to-day.  It 
is  used  for  the  reduction  of  indigo,  and  is  also  sometimes  used  as  a  depilatory,  and  costs 
about  £38  per  ton. 

ARSENIC  PENT ASULPH  IDE :  As^Sg.  This  compound  is  formed,  together  with  a 
little  AS2S3,  on  passing  a  copious  stream  of  H2S  through  an  acid  solution  of  arsenic  add 
or  of  an  arsenate  at  80^ :  2ASO4HS  +  SH^S  «-  As^Sb  +  SHfO  ;  under  other  conditions, 
however,  H2S  reduces  arsenic  acid  to  arsenious  acid,  with  separation  of  sulphur.  It  is 
also  obtained  by  melting  the  disulphide  with  sulphur ;  also,  as  a  yellow  powder,  by  treating 
sodium  snlpharsenate,  AsS4Na8,  with  an  acid.    It  is  insoluble  in  water  and  adds. 

SULPHOSALTS  OF  ARSENIC 

These  compounds  are  formed  from  arsenic  sulphides  (which  may  be  considered  as 
sulphoanhydrides)  by  dissolving  them  in  alkali  sulphides : 

AflaS,  +  3K«S  -  2ASS3K8  ;  ASjjSg  +  SKjS  =  2ASS4K3. 
They  are  also  obtained  from  arsenates  with  H2S : 

ASO4K8  +  4H2S  -  4H2O  +  ASS4K3. 
The  alkali  sulphosalts  form  crystals  soluble  in  water,  whilst  those  of  the  other  metals 
are  insoluble.     On  attempting  to  obtain  sulpharsenious  or  sulpharsenic  acid  by  the  action 
of  HCl,  decomposition  occurs  with  separation  of  AS2S5  and  H3S. 

CHLORIDES  AND  IODIDES  OF  ARSENIC 

ARSENIC  TRICHLORIDE :  ASCI3.  This  compound  is  formed  on  burning  arsenic 
in  a  current  of  chlorine,  even  at  low  temperatures.  It  is  prepared  by  adding  dry  sodium 
chloride  to  a  hot  solution  of  AS4O3  and  concentrated  H2SO4  ;  the  trichloride  distils  and 
is  then  condensed  in  an  efficient  refrigerator  in  the  form  of  an  oily,  colourless,  fuming, 
and  very  poisonous  liquid  of  sp.  gr.  2-206  at  0°.  When  pure  and  free  from  chlorine  it 
solidifies  at  -18",  and  boils  at  134^  The  formula  AsgCle  has  also  been  attributed  to  this 
compound. 

In  contact  with  water  it  is  partially  decomposed  into  oxide  and  HCl  until  a  definite 
equilibrium  is  established,  which  depends  upon  the  concentration  of  the  substances  which 
are  present,  the  reaction  being  reversible : 

4ASCI3  +  6H2O  -^  AS4O3  +  12HC1. 

The  presence  of  sulphuric  acid  is  necessary  for  the  formation  of  arsenic  trichloride 
from  sodium  chloride  and  As40e,  in  order  to  combine  with  the  water  and  prevent  the 
reverse  reaction.  As40e  is  also  transformed  into  ASCI3  by  an  excess  of  Hd.  Since 
ABCI3  is  volatile  on  heating,  whilst  the  oxide  is  not,  it  is  not  permissible,  during  chemical 
analysis,  to  evaporate  solutions  of  the  oxide  in  presence  of  HCl  or  arsenic  is  lost ;  in  order 
to  avoid  this  loss  the  solution  is  made  alkaline,  or  it  is  oxidised  with  chlorates  or  nitric 
acid  because  arsenic  add  is  then  formed  on  heating,  and  cannot  form  the  corresponding 
pentachloride  or  any  other  volatile  chloride,  even  in  presence  of  much  HCl.  These 
facts  are  utilised  in  the  elimination  of  arsenic  from  sulphuric  acid  {see  p.  271 ),  the  arsenic 
being  reduced  to  the  state  of  arsenious  acid  with  sulphur  dioxide  and  a  current  of  HCl 
then  passed  into  the  hot  acid,  thus  rendering  the  arsenic  volatile  in  the  form  of  AsCls. 
The  reverse  process  is  also  used  in  the  purification  of  hydrochloric  acid  by  oxidising  the 
arsenio  which  it  contains  and  then  distilling  it.  Pure  hydrochloric  acid  then  passes  into 
the  distillate,  whilst  the  arsenic  acid  remains  behind. 

The  heat  of  formation  of  ASCI3  is  2d9  Kj.  ;  the  commercial  product  costs  I2s,  per  kilo. 

ARSENIC  TRIBROMIDE,  AsBr,,  which  is  colourless,  melts  at  26",  and  boils  at  220", 
and  ARSENIC  TRI -IODIDE,  Asl,,  a  red  solid,  are  also  known,  and  are  formed  from  the 
elements  in  presence  of  carbon  disulphide  ;  they  are  decomposed  by  water. 

X  23 
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ARSENIC  PENTACHLORIDE  :  AsClg.  This  compotmd  is  formed  by  the  action  of 
chlorine  on  AsCls  at  -  60°.  It  forms  yeUow  crystals  which  melt  at  —  40°  and  are  soluble 
in  ether  ;  at  the  ordinary  temperature  it  is  already  decomposed  into  AsCls  +  CI2. 


OXYGEN  AND  HALOGEN  COMPOUNDS  OF  ANTIMONY 

The  lower  oxide  (SbgOj)  possesses  no  acid  characters,  even  when  dissolved 
in  water,  but  is  somewhat  basic,  and  thus  forms  salts  both  with  acids  and  with 
bases,  showing  that  antimony  already  has  a  somewhat  pronounced  metallic 
character.  The  pentoxide  still  possesses  acid  characters  and  thus  forms 
antimonic  acid  which  behaves  in  an  analogous  manner  to  phosphoric  acid, 
so  that  the  classification  of  antimony  with  the  non-metals  is  justified. 

ANTIMONY  TRIOXIDE  (ANTIMONIOUS  OXIDE) :   Sb^O^ 

or  preferably  Sb^O^ 

This  compound  is  found  in  nature  as  senarmontite,  in  regular  octahedra 
of  sp.  gr.  5*3,  and  as  flowers  of  antimony  in  rhombic  prisms  of  sp.  gr.  5-57.  It 
is  not  isodimorphous  wdth  AsgOj,  as  was  once  believed.  It  is  prepared  by  burning 
antimony  in  the  air  or  by  oxidising  it  with  dilute  HNO3.  It  is  volatile  at  very 
high  temperatures,  and  its  vapour  density  at  1560°  corresponds  to  the  formula 
Sb^O^.  At  still  higher  temperatures  simple  molecules  of  Sb^Os  are  probably 
also  formed.  It  forms  a  yellowish- white  crystalline  powder,  consisting  of  both 
regular  and  rhombic  crystals.  It  is  insoluble  in  water,  HNO3,  and  H2SO4, 
but  is  soluble  in  HCl,  tartaric  acid,  and  alkalis. 

The  HYDROXIDE,  Sb(0H)3,  corresponds  to  the  oxide,  SbsOs,  but  is  not  analogous 
to  arsenious  acid,  AsOgHa,  ^^^  is  obtained  from  tartar  emetic  with  dilute  sulphuric  acid. 
It  easily  loses  water,  forming  antimonyl  hydroxide  or  white  meta-antimoniaus  acid, 
SbO  .HO,  which  forms  Sb203  on  heating. 

When  either  the  oxide  or  the  hydroxide,  Sb(0H)3,  is  dissolved  in  sodium  hydroxide 
solution  they  form  unstable  salts  called  meta-antimonitcs,  which  are  decomposed  on 
simply  evaporating  their  aqueous  solutions. 

Antimonious  oxide,  Sb20s,  or  the  corresponding  hydroxide,  Sb(0H)3,  and  also  the 
metahydroxide,  SbO. OH,  which  is  usually  obtained  by  precipitating  SbCls  with  sodium 
carbonate,  also  form  salts  with  acids  (metallic  character) ;  for  example,  Sb08(N02)3  or 
Sb(N03)8,  antimony  nitrate,  and  also  the  sulphate,  SbgC 804)3. 

The  SbO  radical  in  the  metahydroxide  SbO. OH,  which  is  called  antimonyl,  may  be 
considered  as  a  stable  group,  which  has  much  the  same  function  as  a  monovalent  metal, 
so  that  the  compound  is  analogous  to  K .  OH,  and  as  such  forms  salts  SbO .  NO3,  antimonyl 
nitrate,  and  (SbO)2S04,  antimonyl  sulphate.  A  more  important  salt  is  tartar  emetic,  the 
double  tartrate  of  potassium  and  antimonyl,  K(SbO)C4H40e  +  JH2O,  which  is  obtained 
by  boiling  a  solution  of  cream  of  tartar  (potassium  hydrogen  tartrate)  with  Sb203. 

These  salts,  especially  the  organic  salts,  are,  however,  decomposed  on  simple  dilution 
with  water,  which  shows  that  antimonious  oxide  has  only  a  weakly  basic  character. 

Antimonious  oxide  is  used  as  a  substitute  for  white  lead,  because  it  has  good  covering 
power,  and  costs  about  £50  per  ton. 

On  heating  the  trioxide  in  the  air,  it  forms  antim>ony  tetroxide,  Sb204. 

ANTIMONY  PENTOXIDE  (ANTIMONIC  ANHYDRIDE):   Sb^O^ 

This  compound  is  formed  on  oxidising  antimony  with  fuming  nitric  acid  or  on  heating 
antimonic  acid  to  300°.  It  consists  of  a  bright  yellowish  powder  of  sp.  gr.  6*6,  insoluble 
in  water  and  in  nitric  acid.  It  is  soluble,  however,  in  concentrated  HQ,  and  also  in  aqueous 
solutions  of  alkali  sulphides.     On  fusion  with  alkali  carbonates  it  forms  anlimonates. 

Above  300°  it  commences  to  decompose,  forming  oxygen  and  antimony  tctroxide, 
Sb204,  that  is,  Sb02.0.SbO  (a  mixed  antimonious-antimonic  anhydride),  which  forms  a 
white  powder  becoming  yellow  on  heating,  and  decomposes  at  about  950**  into  oxygen  and 
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antimoDy  trioxide,  Sb203.     Thus  we  see  that,  as  in  the  case  of  arsenic,  the  more  stable 
oxide  at  high  temperatures  is  Sb203  (or  Sb40e). 

ANTIMONIC  ACID  :  HsSb04.  This  compound  may  be  obtained  by  heating  antimony 
with  concentrated  nitric  acid  or  by  adding  SbCls  to  cold  water : 

SbC^s  +  4H2O  =  SbO^Hs  +  5HC1. 

It  is  obtained  more  conveniently  by  precipitating  a  solution  of  potassium  antimonate 
with  nitric  acid  ;  potassium  metantimonate  is  obtained  by  molting  1  part  of  antimony 
with  4  parts  of  potassium  nitrate,  and  with  water  this  forms  monopotassium  anti- 
monate,  KH2Sb04,  which  in  turn  jdelds  antimonic  acid  with  nitric  acid. 

It  forms  a  white  powder  (2H3Sb04  +  H2O),  almost  insoluble  in  water  and  in  nitric 
acid.  It  has  a  weakly  acid  reaction.  It  is  a  tribasic  acid,  but  ordinarily  behaves  as  though 
it  were  monobasic.  At  a  temperature  of  100°  it  already  loses  water  forming  pyroantimonic 
acid,  H4Sb207  ;.  at  115"^  it  is  transformed  into  metantimonic  acid,  HSbOs,  and  at  275° 
this  is  then  transformed  into  antimony  pentoxide  Sb205. 

PYROANTIMONIC  ACID  :  H4Sb207,  is  more  especially  known  in  the  form  of  its 
salts,  among  which  dipotassium  pyrantimonate,  K2H2Sb207  +  6H2O,  is  used  as  a  reagent 
for  the  precipitation  and  recognition  of  sodium  compounds,  because  it  forms  with  these 
a  crystalline  disodium  pyrantimonate,  Na2H2Sb207  +  6H2O,  which  is  insoluble  in  cold 
water. 

ANTIMONY  TRISULPHIDE  :  Sb.Sg.  This  is  found  naturally,  crystallised 
in  dark  grey,  rhombic,  radiating  and  lustrous  masses  under  the  name  of  siihniie, 
the  specific  gravity  of  which  is  4*7.  It  melts  on  heating  and  then  distils 
(sublimes).  When  prepared  by  the  precipitation  of  a  salt  of  antimonious 
oxide  in  acid  solution  with  hydrogen  sulphide,  it  fonns  a  red,  amorphous 
mass  which  is  transformed  into  a  blackish  crystalline  mass  on  heating  with 
dilute  HCl.  It  is  dissolved  on  heating  with  concentrated  HCl,  with  formation 
of  HgS  and  SbClg. 

CINNABAR  OF  ANTIMONY  :  (Sb2S30)3.  This  is  found  already  formed  in  nature, 
and  is  also  prepared  artificially  by  treating  SbClg  with  a  solution  of  sodium  thiosulphate, 
or  better  still  by  heating  Sb2S3  in  a  current  of  air  and  steam.  It  is  used  as  a  red  colouring 
matter  to  replace  ordinary  cinnabar,  and  costs  from  £4  16«.  to  £16  per  100  kilos,  according 
to  the  quality. 

Mineral  kermea,  used  in  medicine,  is  a  mixture  of  antimony  trisulphide  and  antimony 
trioxide.  It  is  obtained  by  boiling  antimony  sulphide  with  a  solution  of  sodium 
carbonate. 

ANTIMONY  PENTASULPHIDE :  Sb^S^.  This  substance  is  also  called 
golden  antimony  stdphide.  It  is  obtained  from  antimonic '.  acid  in  weakly 
acid  solution  with  hydrogen  sulphide,  or  by  treating  a  solution  of  sodium 
sulphantimonate,  SbS4Na3,  with  dilute  HCl  or  H2SO4,  H2S  being  formed  simul- 
taneously. It  forms  an  orange-red  powder,  insoluble  in  dilute  acids,  whilst 
it  dissolves  in  strong  HCl,  forming  sulphur,  HgS  and  SbClg.  On  heating 
strongly  it  decomposes  into  Sb2S4  and  sulphur. 

The  pentasulphide  or  golden  sulphide  was  formerly  much  employed  in  medicine  and  in 
veterinary  surgery.  It  is  only  used  to-day  to  vulcanise  rubber  and  to  impart  to  it  a  red 
colour,  and  also  in  certain  match  factories.  It  costs  from  £80  to  £140  per  ton,  according 
to  its  state  of  division,  degree  of  colour,  and  free  sulphur  content. 

SODIUM  SULPHANTIMONATE  (Schlippe's  salt),  Na3SbS4  +  OHgO,  is  obtained 
by  boiling  Sb2S3  with  sulphur  and  sodium  hydroxide  solution.  It  crystallises  in  largo 
yellowish  tetrahedra,  which,  on  exposure  to  air,  are  rapidly  covered  with  a  brown  layer  of 
SbgSs,  because  it  is  decomposed  even  by  carbon  dioxide.  It  is  used  in  pharmacy  for  the 
preparation  of  golden  antimony  sulphide. 

Free  sulphantimonio  acid  is  not  known. 
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GROUP  OF  VANADIUM,  COLUMBIUM,   AND  TANTALUM 

This  group  is  connected  with  the  phosphorus  group,  especially  on  account 
of  the  analogy  which  exists  between  the  derivatives  of  the  one  and  the  other 
group,  and  also  because  the  more  highly  oxidised  compounds  have  an  acid 
character.  In  the  free  state,  however,  they  are  similar  to  the  metals, 
especially  to  chromium,  iron,  and  tungsten.     The  three  elements  are  very  rare. 

VANADIUM  :  V,  51.2.  This  element  was  discovered  by  Del  Rio  in  1801,  who 
confounded  it  with  chromium.  In  1830  Sefstrom  characterised  it  as  an  element.  It  is 
found  in  nature  more  especially  in  vanadinUe,  Pb5(V04)8Cl,  a  chlorovanadate  of  lead, 
and  is  often  accompanied  by  minerals  containing  iron,  copper,  nickel,  uranium,  &c.  For 
some  time  the  basic  slag  of  the  Creusot  works  in  France  has  been  treated  for  the  extraction  of 
vanadic  acid. 

It  is  obtained  in  the  metallic  state  by  heating  vanadium  chloride  in  a  current  of  hydrogen. 
A  greyish  powder  is  thus  obtained  of  metallic  lustre  and  of  sp.  gr.  5*5.  It  is  difficult 
to  melt  and  is  only  oxidised  very  slowly  in  the  air.  It  is  obtained  in  silver- white  crystals, 
which  are,  however,  less  pure,  containing  4  per  cent,  of  carbon,  by  heating  vanadic  add  and 
carbon  in  an  electric  furnace  in  a  current  of  hydrogen.  Its  specific  gravity  is  then  5-8. 
It  burns  when  heated,  forming  vanadium  pentoxide,  V2O5.  It  combines  easily  with 
nitrogen,  forming  vanadium  nitride,  VN. 

Derivatives  analogous  to  those  of  phosphorus  are  well  known,  such  as  vanadium 
trichloride,  VCI3  ;  vanadium  irioxide,  ¥263,  which  is  obtained  by  heating  V2O5  to  redness  in 
a  current  of  hydrogen  and  forms  a  black  powder.  The  corresponding  aulpkcUe,  V2(S04)3, 
is  also  known,  and  forms  alums  with  alkali  sulphates  in  the  same  way  as  iron  and  chromium. 

Vanadium  pentoxide,  VoO^,  dissolves  in  alkalis  forming  salts  of  vanadic  acid,  H3VO4, 
and  of  metavanadic  acid,  HVOs. 

The  vanadates  are  isomorphous  with  the  corresponding  phosphates.  Ammonium 
metavanadale,  VO3NH4,  is  insoluble  in  solutions  of  ammonium  chloride  and  eerves  to 
separate  vanadium  from  its  ores.  These  are  first  melted  with  sodium  hydroxide  and 
potassium  nitrate  in  order  to  obtain  sodium  vanadate,  which  is  soluble  in  water.  On 
adding  ammonium  chloride  to  this  solution  NH4VO3  is  precipitated  and  yields  V2O5  on 
heating.  Vanadums  oxide  VO,  a  dioxide  VO2,  a  dickloride  VC]2»  ^  tetrachloride  Vd^,  and  an 
oxy chloride  VOCI3,  are  also  known.  Vanadic  salts  of  the  type  VX3,  and  vanadious  saUs 
VX2,  are  also  known.  Vanadious  sulphate,  VSO4,  crystallises  with  7H2O  and  is  isomorphous 
with  various  metallic  sulphates. 

Certain  vanadium  compounds  are  used  industrially,  for  example,  in  the  dyeing  and 
printing  of  cotton  (aniline  black),  as  vanadic  acid  readily  gives  up  oxygen  to  reducing  agent? , 
oxidising  these,  and  thus  acts  as  an  oxidising  catalyst.  By  the  action  of  hydrogen  peroxide 
on  the  oxides  and  acids  of  vanadium,  peroxides  and  peracids  of  vanadium  are  obtained, 
and  are  variously  coloured.  Vanadium  salts  are  sometimes  used  in  the  manufacture  of 
glass  and  porcelain.  The  principal  use  of  metallic  vanadium  is  in  metallurgy,  especially 
in  the  preparation  of  special  steels  of  high  value.  For  this  purpose  vanadium  is  placed 
on  the  market  at  £4  to  £4  8^.  per  kilo.  This  is  obtained  in  the  electric  furnace.  Pure 
vanadium  costs  more  than  £40  per  kilo  and  vanadic  acid  costs  more  than  £6  Ss,  per  kilo. 

COLUMBIUM  :  Cb,  93.5  (discovered  by  Rose  in  1844)  and  TANTALUM  :  Ta,  181. 
These  elements  are  found  together  in  certain  rare  minerals,  in  the  form  of  columbates  and 
tantalates,  for  example,  in  columbite,  [(Fe.Mn)Gb20e],  and  tankUite,  (FeTa20«).  The 
chlorides  NbCls  and  T&Ci^  are  decomposed  by  water.  This  is  also  the  case  with  the  fluorides 
and  the  double  fluorides,  2KF .  CbFs  and  2KF .  TaFs,  which  are  used  for  the  separation  of  the 
two  elements,  because  the  former  is  soluble  and  the  latter  insoluble  in  water.  The  oxides, 
Gb205  and  Ta205,  form  with  alkalis  the  salts  of  columhic  and  tantalic  acids,  Ob04H3  and 
Ta04H3.  On  heating  columbic  acid  with  carbon  in  the  electric  furnace  free  oolumbium 
is  obtained,  which  is  very  resistant  to  the  action  of  acids,  similarly  to  boron  and  silicon. 

TantcUum  nitride,  TaN,  is  also  known. 

Tantalum  has  now  acquired  great  importance,  especially  on  account  of  its  application 
in  the  manufacture  of  electric  lamps  with  tantalum  filaments,  prepared  by  the  firm  of 
Siemens  and  Halske.  Th<»se  lamps  consume  less  than  half  the  electric  energy  of  the 
ordinary  incandescent  lamps  with  a  carbon  filament,  for  the  same  intensity  of  light. 
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Tantalum  is  now  prepared  in  the  pure  state  by  first  forming  small  rods  of  a  paste  of 
tantalum  pentoxide  and  paraffin  and  then  immersing  these  in  charcoal  powder  at  a  tempera* 
ture  of  1700^  ;  brown  tantalum  tetroride  is  thus  formed  and  is  a  good  conductor  of  the 
electric  current ;  this  is  then  placed  in  a  glass  vessel  which  is  evacuated  and  an  electric 
current  is  then  passed  through  it ;  oxygen  is  evolved  and  pure  tantalum  remains.  On 
the  large  scale  the  double  fluoride  of  potassium  and  tantalum,  2KF.TaF5,  is  heated  with 
metallic  sodium  and  the  metallic  tantalum  so  obtained  is  purified  by  melting  it  in  the  electric 
arc  in  vacuo,  after  first  rendering  it  a  conductor  by  means  of  strong  pressiure. 

Pure  tarUalum  melts  between  2250°  and  2300°,  and  has  a  specific  gravity  of  16*6,  a 
specific  heat  of  0*0365  from  10°  to  100°,  and  a  specific  resistance  of  0*165  for  a  length  of 
1  metre,  and  a  cross-section  of  1  sq.  mm.  On  heating  tantalum  to  redness  and  trans- 
forming it  into  a  sheet  with  a  mallet,  and  then  heating  it  to  redness  and  hammering  it 
repeatedly,  it  finally  acquires  a  hardness  equal  to  that  of  the  diamond  and  a  greater  power 
of  perforation ;  it  is  also  remarkable  for  its  high  density  and  its  resistance  to  chemicals, 
especially  acids  ;  its  extraordinary  hardness  is  perhaps  due  to  the  presence  of  traces  of 
oxide. 

Since  tantalum  resists  the  action  of  acids,  aqua  regia  and  also  alkaline  solutions, 
it  is  now  used  instead  of  platinum  for  the  preparation  of  electrodes  and  of  vessels  which  are 
resistant  to  acids,  chlorine,  and  oxidising  agents.  For  this  purpose  the  manufacturers 
start  from  tantalum  hydride,  which  is  considered  by  some  as  a  stable  alloy  of  H  and  Ta. 
This  is  worked  to  a  paste  and  the  objects  to  be  prepared  are  moulded  to  the  desired  shape 
and  heated  to  1200°,  when  the  hydrogen  escapes  and  compact  and  homogeneous  tantalum 
remains  without  the  necessity  of  heating  to  the  melting-point  of  2300°. 

Tantalum  lamps  are  produced  in  a  similar  manner  to  incandescent  carbDn  lamps  by 
means  of  a  small  glass  bulb  which  is  evacuated,  and  in  the  interior  of  which  is  half  a  metre 
of  very  fine  tantalum  filament  (0*05  mm.  in  diameter)  which  is  arranged  in  zigzag  form, 
being  supported  on  small  hooks  which  hold  it  taut.  These  lampi  are  sold  at  2s,  6(2.,  of 
25  or  more  candle-power. 

CARBON  GROUP :    (C,  Si,  Ge,  Sn) 

This  group  comprises  four  elements,  nimely,  two  non-metals,  carbon 
C  =  12  and  silicon  Si  =  28-3,  and  two  metals,  germanium  Ge  =  72*5  and  tin 
Sn  =  119. 

All  these  elements  are  tetravalent  and  combine  with  the  halogens  forming 
compounds  of  the  general  formula,  MX4,  in  which  M  is  the  tetravalent  element 
of  this  group  and  X  the  monovalent  halogen.  They  all  combine  with  oxygen 
forming  compounds  of  the  general  formula,  MOg,  which  possess  an  acid  character. 
On  the  other  hand,  whilst  carbon  and  silicon  readily  form  volatile  hydrogen 
compounds  in  common  with  all  the  other  non-metals,  germanium  and  tin  are 
clearly  distinguished  by  not  forming  such,  and  generally  behave  as  metals.  We 
will,  therefore,  study  them  further  in  the  portion  of  this  volume  devoted  to 
metals. 

CARBON:  C,  12 

This  is  one  of  the  elements  which  are  most  widely  diffused  in  nature  and  is 
the  principal  component  of  all  organic  compounds.  It  is  also  found  abundantly 
in  inorganic  compounds,  such  as  marble,  dolomite,  &c.  In  combination  with 
hydrogen  it  forms  petroleum,  paraffin,  &c.  In  combination  with  oxygen  it 
forms  carbon  dioxide  and  carbon  monoxide. 

It  is  found  naturally  in  the  free  state  in  three  allotropic  forms,  namely,  as 
diamond,  which  is  crystalline  and  transparent,  as  graphite,  and  as  amorphous 
carbon.  None  of  these  forms  possess  much  chemical  activity  under  ordinary 
conditions,  although  carbon  in  a  state  of  combination  is  able  to  give  rise  to 
thousands  of  compounds. 

Carbon  does  not  melt  even  at  3500°,  and  in  the  electric  arc  it  is  volatilised 
directly.  The  three  allotropic  forms  of  carbon  all  bum  in  oxygen,  yielding 
carbon  dioxide. 
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These  allotropic  forms  differ  from  one  another  by  containing  varying 
quantities  of  internal  energy,  which  may  be  determined  indirectly  by  measuring 
the  thermal  tonality  of  their  conversion  into  CO^  on  burning  12  grms.  of  each  of 
these  allotropic  forms  separately  in  oxygen.  Thus  the  thermal  tonality  of 
amorphous  carbon  is  97,650  calories,  of  graphite  94,910,  and  of  diamond  94,310  ; 
from  which  we  may  deduce  that  during  the  transformation  of  12  grms.  of 
amorphous  carbon  into  graphite  2840  cals.  are  evolved,  and  that  in  passing 
from  12  grms.  of  graphite  to  the  same  quantity  of  diamond  a  further  500 
cals.  will  be  evolved. 

DIAMOND.  This  substance  is  more  especially  found  in  South  Africa, 
whence  diamonds  of  the  total  value  of  £140,000,000  have  been  extracted  during 
the  last  forty  years  (at  the  Cape  six  new  mines  yielded  diamonds  to  the 
amount  of  34,000  carats  in  1902  and  1903) ;  in  Brazil,  from  which  about 
2000  kilos  of  diamonds  have  been  exported  from  1727  up  to  date,  and  in  India 
and  Borneo.  These  diamonds  are  found  mixed  with  siliceous  sand  and  sedi- 
mentary rocks  ;  diamond  is  also  found  in  meteoric  iron.  In  1906  Brazil 
exported  diamonds  to  the  value  of  £1,000,000  and  black  diamonds  (carbonado) 
to  the  value  of  £840,000. 

Diamond  is  generally  considered  as  the  hardest  of  all  known  substances 
and  forms  the  degree  of  10  on  Mohr's  scale ;  however,  crystallised  boron  is 
equally  hard.  Diamond  is  therefore  used  on  account  of  this  quality  for  cutting 
glass  and  for  the  cutting  surfaces  of  rock-drills  ;  for  this  purpose  coloured 
diamonds  of  small  value  are  used. 

It  crystallises  in  the  regular  system,  rarely  in  octahedra,  and  more  often 
in  rhombododecahedra.  The  crystalline  faces  are  not  perfectly  plain,  but  are 
slightly  convex.  Diamond  powder  is  of  a  dark  grey  colour  and  when  very  fine 
appears  almost  black. 

If  a  diamond  is  colourless  its  high  degree  of  transparency  and  ref ractivity 
constitute  its  very  high  value.  When,  however,  the  colorations,  which  are 
due  to  certain  impurities,  are  very  beautiful,  they  may  even  increase  its  value 
rather  than  decrease  it.  When  it  is  coloured  black  it  has  no  great  value, 
is  called  carbonado,  and  is  employed  for  rock-drills.  WTien  thus  crystallised 
its  specific  gravity  is  35,  and  its  index  of  refraction,  w,  is  2*42.  At  very  high 
temperatures,  between  the  two  poles  of  a  powerful  electric  battery,  it  softens, 
swells  up,  and  then  assumes  a  graphitic  appearance.  Unlike  graphite  it  is 
not  a  conductor  of  electricity. 

In  1694  Averani  and  Targioni,  of  the  Accademia  del  Cimento,  succeeded  in 
burning  diamond.  Lavoisier  in  1775  and  Davy  in  1814  showed  that  on  burning 
diamond  in  the  air  carbon  dioxide  alone  was  formed.  It  already  bums  in 
oxygen  at  700°,  giving  COg,  although  it  is  not  attacked  by  a  mixture  of  nitric 
acid  and  potassium  chlorate. 

Various  hj^pot hoses  on  the  origin  of  diamonds  have  been  put  forward,  but  none  of  them 
has  any  positive  basis.  It  is,  however,  probable,  according  to  Moissan,  that  they  are  formed 
from  carbon,  through  the  decomposition  of  organic  matter  at  high  temperatures  and  pressures 
in  the  interior  of  the  earth.  The  carbon  would  thus  be  liquefied  and  would  then  crystallise 
during  very  slow  cooling.  It  is  also  supposed  that  there  may  be  large  deposits  of  diamonds 
in  the  interior  of  the  earth's  crust.  The  other  forms  of  carbon  are  obtained  w'hen  diamond 
is  heated  to  high  temperatures  without  pressure  and  then  evaporate  without  being 
liquefied,  and  are  condensed  at  colder  parts  of  the  vessel  in  the  graphitic  form.  Under  the 
action  of  cathodic  rays  diamonds  slowly  turn  brown. 

Diamonds  acquire  a  high  value  on  being  cut,  that  is,  after  facets  have  been  formed, 
converting  them  into  brilliants  or  into  rosettes.  Diamonds  are  cut  by  means  of  diamond 
dust.     Diamonds  of  any  value    are  weighed  in  conventional  imits.*^     At  one  time  the 

^  The  most  celebrated  diamonds  are  the  following  : 

The  Regent  or  Pitt  diamond  wciglis  130i  carats,  and  weighed  410  carats  before  being  cut.  Its  value  has  been 
estimated  at  more  than  £480,000,  and  it  is  the  purest  and  finest  stone  which  is  kno\i'Ti.  It  belonged  to  the  Treasuiy 
of  the  French  Crown  and  is  to-day  in  the  museum  of  the  lx)uvre  iu  Paris. 
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grain  was  used,  which  was  the  constant  weight  of  a  dried  Indian  seed,  but  to-day  the 
carcU  is  in  use  and  corresponds  to  four  grains,  or  to  205  milligrammes.  The  value  of  a 
diamond  is  not  proportional  to  its  weight,  but  the  value  of  each  carat  increases  with  the 
increase  of  the  total  weight.  However,  the  principal  factor  of  the  value  is  the  purity  of 
the  water  and  the  refractive  power  towards  light.  Diamonds  weighing  one  carat  cost 
on  the  average  £8  ;  if  they  weigh  two  carats  they  cost  £16  per  carat ;  three  carats  £20 
per  carat ;  five  carats  £24  per  carat ;  six  carats  about  £25  per  carat,  &c. 

In  1893  Moissan  obtained  artificial  diamonds  in  very  small  scales  up  to  0*5  mm.  long, 
and  in  1905  he  obtained  some  of  0-75  mm.  diameter  by  saturating  molten  iron  at  a  high 
temx)eratiu:e  (1100°  to  3000°)  in  the  electric  furnace  with  carbon  and  then  cooling  it  rapidly. 
At  such  temperatures  iron  dissolves  considerable  quantities  of  carbon  which  remain 
enclosed  in  the  iron  on  cooling  under  very  high  pressure. 

Fused  magnesium  silicate  also  dissolves  carbon,  which  then  separates  on  cooling  in 
the  form  of  small  scales  of  diamond. 

GRAPHITE,  BLACK  LEAD,  PLUMBAGO.  This  substance  is  found 
in  nature,  either  crystallised,  in  hexagonal  tablets,"  or  in  amorphous,  lustrous 
masses.  It  has  a  greyish-black  colour  and  is  used  for  the  preparation  of  pencils, 
for  which  purpose  it  was  already,  used  at  the  end  of  the  sixteenth  century.  It 
is  much  used  to-day  for  the  constcwction  of  crucibles  and  all  other  bodies  which 
have  to  resist  Very  high  temperatures,  and  also,  in  the  form  of  very  fine  powder, 
for  coating  iron  bodies  in  order  to  preserve  them  from  rust. 

It  is  distinguished  from  the  diamond  by  forming  graphitic  acid  with  strong 
nitric  acid  and  dry  potassium  chlorate.  This  is  a  yellowish  crystalline  substance 
(Brody's  reaction) ;  amorphous  carbon  gives  carbon  dioxide  with  this  reagent. 
Charpy  in  1909  obtained  a  more  evident  reaction  with  a  mixture  of  strong 
sulphuric  acid  and  potassium  permanganate  or  chromic  acid.  With  potassium 
permanganate  in  alkaline  solution  it  forms  mellitic  acid,  but  this  reaction 
is  also  shown  by  amorphous  carbon.  Graphite  has  a  specific  gravity  of  2-1  to 
2-25  ;  it  is  a  good  conductor  of  heat  and  electricity,  and  conducts  best  when  it 
is  purest.  Its  electric  conductivity  increases  with  elevation  of  the  temperature 
as  is  the  case  for  conductors  of  the  second  class  (electrolytes),  and  in  this 
respect  it  differs  from  conductors  of  the  first  class  (metals),  of  which,  on 
the  contrary,   the  conductivity  increases  on  lowering  the  temperature.     It 

The  Polar  Star  weighs  40  carats,  Is  very  pure,  and  belongs  to  the  Crown  treasures  of  Russia. 

The  Orlouf  weighs  195  carats  and  for  a  long  time  formed  one  of  the  eyes  of  a  statue  of  Brahma.  It  was  acquired 
in  1794  for  £SO,000,  and  was  sold  for  an  annuity  of  £640  yearly  and  a  title  of  nobility  for  the  vendor.  It  is  to-day 
placed  at  the  extremity  of  the  sceptre  of  the  Czar  of  Russia. 

Southern  Star.  When  found  in  Brazil  it  weighed  250  carats,  and  after  cutting  in  order  to  transform  it  into  a 
brilliant  its  weight  was  125  carats. 

The  Florentine  weighed  139^  carats.  It  has  a  slight  yellowish  tint  which  is  not  apparent  inartificial  light,  when 
it  appears  very  brilliant.  It  belonged  to  the  Grand  Duchy  of  Tuscany  and  now  forms  part  of  the  Crown  treasures 
of  Austria.    Its  value  is  estimated  at  £100,000. 

The  Naeeak  is  also  a  very  celebrated  diamond. 

The  Great  Mogul  now  weighs  280  carats,  whilst  until  the  year  1000  it  weighed  787  carats.  Through  the  inex- 
perience of  some  one  who  ordered  it  to  be  cut  by  an  incapable  person,  it  was  greatly  reduced  in  weight  during 
cutting ;  the  artist,  a  Venetian,  was  then  obliged  to  partially  make  good  the  damage.  The  Great  Mogul  originally 
came  from  India  and  now  belongs  to  the  English  Crown. 

The  Koh-i-noor  weighed  280  carats  before  1850,  and  it  is  said  to  have  been  obtained  from  a  fragment  obtained 
in  cutting  the  Great  Mogul.  It  was  acquired  in  1850  by  the  English  Crown, which  had  it  cut  in  Amsterdam ;  to-day 
it  only  weighs  106  carats.  ||l 

The  Saney  weighs  53^  carats.  It  was  bought  by  Antonio  of  Portugal  in  1489.  It  then  passed  to  the  King  of 
France,  and  was  bought  in  1835  by  Prince  Dcinidoff  of  Russia  for  £80,000  and  resold  in  1836  in  Paris  for  £26,000. 

The  Sheih  weighs  86  carats  and  is  very  pure.  It  was  presented  to  Alexander  II  of  Russia  by  a  Persian  prince, 
and  has  been  set  in  a  chain  to  be  carried  round  the  neck. 

The  Paeha  of  Egypt  weighs  40  carats.  It  is  a  blue  diamond,  the  beautiful  and  Intense  colour  of  which  is  due  to 
minimal  traces  of  metallic  oxides.  It  was  sold  in  1908  to  the  Sultan  of  Turkey  for  £80,000  in  spite  of  its  compara- 
lively  small  weight. 

The  Great  Victoria  Is  a  large  diamond  which  was  found  at  the  Cape  in  1884  and  weighs  457  carats. 

The  EzeeUior  was  found  in  the  Orange  Free  State  at  Jagersfontein  in  June  1893,  and  was  then  the  largest  dia- 
mond known,  having  a  weight  of  972  carats.  It  is  a  very  fine  diamond  of  a  slightly  bluish  shade  and  was  valued 
at  £1,000,000.  Its  first  proprietor  was  Bcrnhcimer,  who  then  deposited  it  in  the  Bank  of  England. 

A  diamond  weighing  3032/»irats  was  discovered  on  January  26,  1905,  at  Pretoria  in  the  Transvaal,  and  had 
the  form  of  a  tablet  (10  cm.  x  6*25  x  3)  at  that  time ;  it  had  not  then  been  cut  and  was  supposed  to  have  a  value 
of  £800,000.  After  cutting,  however,  it  was  found  impossible  to  realise  this  figure,  and  the  finest  piece  which  was 
obtained  was  cut  by  experts  at  Antwerp  and  formed  the  brilliant  Cullinan,  weighing  800  carats,  which  is  \  alued  at 
about  £100,000.  It  was  then  acquired  by  the  Cape  Colony,  which  presented  it  to  the  King  of  England  in  1909. 
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is  not  altered,  even  at  the  highest  temperataiesi  when  out  of  contact  with 
the  air. 

On  heating  in  the  air  it  combines  with  oxygen  to  form  carbon  dioxide, 
but  with  greater  difficulty  than  diamond,  and  leaves  2  to  5  per  cent,  of  ash. 

Graphite  is  foand  abundantly  in  Cumberland  (England),  Brazil,  Siberia,  Ceylon,  &o. 

The  more  impure  varieties  are  powdered  and  treated  with  potassium  ohloride  and 
sulphuric  acid ;  they  are  then  washed  with  water  and  the  residue  is  dried  by  heating.  It 
contains  silica,  which  is  eliminated  by  treating  it  with  sodium  fluoride  and  H2SO4.  Natiu*al 
graphite  is  considered  to  be  of  good  commercial  quahty  if  it  contains  90  to  96  per  cent,  of 
carbon  ;  samples  containing  70  to  80  per  cent,  of  carbon  are  said  to  be  of  medium  quality, 
and  those  containing  40  to  50  per  cent,  only  are  considered  inferior. 

The  carbon  is  determined  quantitatively  by  heating  1  grm.  of  graphite  to  a  high  tem- 
perature with  40  to  60  grms.  of  litharge,  in  an  analogous  manner  to  Berthier's  process  for 
the  analysis  of  coal  {aee  bdow), 

A  certain  quality  of  graphite  in  very  fine  powder  is  commercially  caUed  Brody's  graphite, 
and  according  to  the  degree  of  fineness  this  costs  from  £4  to  £10  per  ton,  but  according 
to  the  degree  of  purity  Ceylon  graphite  may  cost  from  £60  to  £140  per  ton. 

Graphites  which  swell  on  moistening  them  with  strong  sulphuric  acid  and  then  heating 
them  to  redness  are  also  called  graphitUes,  True  graphites  are  those  which  do  not  swell 
under  such  conditions. 

Graphite  is  artificially  obtained  by  passing  acetylene  mixed  with  CO  and  CO2  through 
red-hot  tubes,  or  over  red-hot  calcium  carbide :  (a)  C2H2  +  CO  «=  3C  +  H2O  ;  (b) 
2C8H2  +  CO2  -  2H2O  +  6C ;  (c)  CaC2  +  CO  -  3C  +  CaO. 

Artificial  graphite  is  to-day  prepared  in  large  quantity,  more  especially  for  the  manu- 
factiure  of  the  electrodes  which  are  employed  in  electrochemical  industries,  and  which  have 
to  be  very  resistant  to  the  most  energetic  chemicals.  The  process  which  is  most  used  is 
that  of  Acheson  (U.S.  Pat.  568,523).  He  obtained  it  as  a  secondary  product  in  the  pre- 
paration of  silicon  carbide  (carborundum)  using  as  carbon  petroleum  coke  mixed  with 
pitch  and  silica  or  iron  oxide.  These  latter  substances  act  at  a  temperature  above  the 
evaporating  point  of  their  carbides  as  catalysers,  and  transform  large  quantities  of  carbon 
into  graphite.  When  the  graphite  is  to  be  used  for  pigments  or  for  crucibles,  anthracite 
is  used  as  a  source  of  carbon.  The  International  Acheson  Graphite  Company  work  with 
power  from  the  Niagara  Falls  in  furnaces  formed  by  channels  of  refractory  material  9 
metres  long,  lined  internally  with  carborundum.  The  charge  consists  of  3  to  3^  tons  of 
coal,  and  an  alternating  current  of  1500  amps,  at  210  volts  is  passed  through  from  the 
ends  ;  in  the  course  of  a  few  hours  the  current  is  raised  to  3600  amps,  and  the  temperatiu^ 
of  graphite  formation  is  then  reached  and  is  maintained  for  twenty-four  hours.  As  the 
temperature  gradually  rises  the  conductivity  increases  and  the  current  passing  rises  to 
9000  whilst  the  voltage  descends  to  80,  so  that  a  current  of  about  1000  h.p.  is  used. 

The  Acheson  Company  produced  73  tons  of  graphite  in  1897  and  over  390  tons  in  1900, 
1500  tons  in  1904,  valued  at  £44,000,  and  at  a  mean  price  of  £28  per  ton  ;  in  1907  the 
production  was  3500  tons. 

In  America  a  further  2300  tons  of  natural  crystalline  graphite  were  produced  in  1 904 
valued  at  £35,440,  and  in  1906  about  2700  tons  were  produced,  together  with  2800  tons  of 
amorphous  graphite,  to  which  must  be  added  17,000  tons   of   imported   graphite.     In 

1906  Ceylon  produced  more  than  35,000  tons  of  natural  graphite. 

In  1904  Germany  produced  3784  tons  of  natural  graphite,  valued  at  £8400,  and  imported 
2628  tons  of  crude  graphite,  valued  at  £22,400  ;  in  1905  it  produced  4921  tons,  and  in  1909 
imported  29,191  tons  and  exported  2387  tons. 

7920  tons  of  natural  graphite  were  produced  in  Italy  in  1903,  valued  at  £6000.     In 

1907  the  production  of  the  22  Italian  mines  in  Liguria,  Piedmont,  &c.,  was  11,000  tons, 
valued  at  £12,800,  and  in  1908  1600  tons  of  artificial  electrode  graphite  were  also  produced, 
valued  at  £15,640. 

In  1908  Italy  produced  8781  tons  of  ground  graphite,  valued  at  £20,668.  In  1906, 
360  tons  of  graphite  were  imported  and  4900  tons  exported ;  in  1908  the  imports  were 
383  tons  and  the  exports  7009  tons,  valued  at  £21,028. 

COMBUSTIBLES.  Wood  and  coal  may  be  considered  as  true  storehouses  of  solar 
energy.  Coal  especially  is  but  a  great  accumulation  of  solar  energy  of  a  very  far  distant 
epoch,  because  there  is  no  doubt  to-day  that  coal  was  formed  by  the  slow  decomposition 
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of  enormous  quantities  of  plant  residues  buried  under  heavy  layers  of  rock.  The  imprints 
which  have  been  discovered  in  blocks  of  coal  by  means  of  suitable  chemical  treatment, 
aided  by  the  microscope,  have  also  shown  that  at  that  time  certain  regions  were  covered 
by  dense  forests  of  gigantic  conifers.  Through  the  enormous  pressure,  terrestrial  heat, 
water  vapour,  and  in  all  probability  through  the  successive  interventions  of  special  micro- 
organisms, these  buried  vegetables — ^which  are  mainly  composed  of  cellulose,  that  is, 
of  hydrogen,  oxygen,  and  carbon — ^gradually  lost  hydrogen  and  oxygen  during  a  period  of 
several  hundred  thousand  years,  thus  becoming  enriched  in  carbon.  And  according  to 
the  more  or  less  advanced  state  of  decomposition,  we  find  in  the  various  geological 
strata  of  the  earth's  crust  peat  and  lignite  which  wore  formed  after  the  cretaceous  epoch, 
and  contain  60  to  70  per  cent,  of  carbon.  In  the  older  strata,  before  the  cretaceous  epoch, 
we  find  enormous  deposits  of  common  coal  containing  90  per  cent,  of  carbon,  and,  the 
most  ancient  of  all,  deposits  of  anthracite  containing  96  to  98  per  cent,  of  carbon.  And 
now  we  are  to-day  consuming  solar  energy  which  Was  stored  thousands  of  centuries  ago, 
because  a  great  portion  of  this  was  utilised  in  the  growth  of  vegetable  organisms.  It  has 
Ixjon  calctdated  that  every  hectare  (2-47  acres)  of  pine  and  fir  woods  grows  3J  tons  of 
fresh  wood  each  year,  and  we  know  that  there  are  4,500,000  hectares  of  forest  land  in  Italy, 
20,000,000  hectares  in  Sweden,  200,000,000  in  the  United  States  of  America,  and  323,000,000 
in  Canada.  We  may  thus  form  a  vague  idea  of  the  enormous  annual  accumulation  of 
solar  energy  stored  up  by  plants.  We  may  also  estimate  this  directly  iii  calories  by  remem- 
bering that  1  kilo  of  wood  furnishes,  on  burning,  about  2800  cals.  We  may  also  note 
that  only  about  5  per  cent,  of  the  total  solar  heat  is  utilised  by  plants,  whilst  all  the  rest 
is  utilised  in  heating  the  atmosphere,  the  soil,  water,  and  all  the  various  terrestrial 
bodies.  34,000,000  cubic  metres  of  wood  are  consumed  annually  in  Sweden,  of  which 
17,000,000  are  used  for  domestic  purposes,  7,000,000  for  wooden  structures,  5,500,000 
as  fuel,  4,500,000  for  wood-pulp,  &c. 

The  treasure  in  the  form  of  fuel  which  was  formed  in  the  bowels  of  the  earth,  and  which 
we  profit  by  daily,  is  truly  enormous,  because  coal  has  been  used  by  man  for  centuries, 
and  in  the  nineteenth  century,  through  the  marvellous  development  of  industry,  the 
consumption  gradually  increased  in  a  truly  surprising  proportion,  increasing  together 
with  the  progress  of  the  enormous  and  various  works  of  which  it  is  a  condition  of  life. 
We  give  a  very  significant  Table  *  which  requires  no  fiuther  explanation,  because  it  explains 
in  itself  the  philosophy  of  the  marvellous  progress  of  the  nineteenth  century : 
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In  Germany  in  1905,  427,000  men  were  employed  in  the  coal  mines,  which  produced 
121,300,000  tons  of  coal. 

Italy  possesses  no  cogI  deposits,  and  Italian  industry  has  therefore  to  depend  entirely 
upon  coal  which  is  imported,  especially  from  England.  Though  during  the  last  few 
years  very  rapid  progress  has  been  made  in  the  rational  and  large-scale  utilisation  of 
hydraulic  energy,  the  importation  of  coal  is  constantly  increasing  and  indicates  the  very 
considerable  progress  of  Italian  industry.  We  will  now  give  some  instructive  figures  on 
the  importation  of  coal  into  Italy  : 

In  1880  1,737,746  tons  of  coal  and  coke,  valued  at     1,920,000 

1885  2,957,436 

1895  4,304,787 

1900  4,917,180 

1904  5,904,578         .  „  „  valued  at    6,040,000 

1906  7,673,436  „  „  „  8,600,000 

1907  8,300,500  „  „  „  9,280,000 

1908  8,452,300  „  „  „         10,480,000 

The  Italian  Royal  Navy  consumes  30,000  tons  of  coal  per  year  irt  the  arsenals  and  harbour 
services,  and  100,000  tons  in  warships.  The  railway  consumes  about  1,000,000  tons  of 
coal,  whilst  the  French  railways  consume  about  6,000,000.^  Italian  gasworks  distilled 
1,059,000  tons  of  coal  in  1908. 

Considering  the  growing  world-consumption  of  coal,  which  is  not  arrested  even  by  the 
imposing  hydro- electric  installations  which  have  been  erected  of  late  years,  the  question 
continually  arises  whether  if  the  demand  continues  at  the  present  rate  we  are  not  quickly 
and  unconsciously  approaching  the  exhaustion  of  the  coal-seams  and  therefore  the  future 
ruin  of  industry  and  a  terrible  unknown  future  for  the  whole  of  humanity. 

Capable  technologists  and  competent  commissions  have  studied  the  problem,  and  from 
investigations  seriously  carried  out  in  various  countries,  it  is  found  that  a  prosperous 
future  may  be  tranquilly  awaited,  because  in  Belgium  alone  the  coal  still  contained  in  the 
seams  is  estimated  at  23,000,000,000  tons,  and  in  England  and  Ireland  the  deposits  still 
buried  underground  are  at  least  190,000,000,000  tons.  In  Germany  there  are  still  about 
300,000,000,000  tons  and  in  North  America  about  2,000,000,000,000  tons  under  ground. 
In  France  there  are  19,000,000,000,  in  Austria  13,000,000,000,  and  in  Russia  40,000,000.0<J<) 
tons.  From  this  it  may  be  easily  foreseen  that  the  lead  in  European  coal  production, 
which  to-day  belongs  to  England,  will  pass  to  Germany  before  many  years  have  passed, 
and  that  later  Eiu"ope  will  derive  its  supplies  from  America,  which  has  already  commenced 
to  sell  coal  to  France  and  Russia.  It  is  not  possible  for  us  to  discuss  here  the  great  progress 
which  has  been  made  in  coal -mining  in  connection  with  methods  of  extraction  of  the  black 
and  precious  mineral,  and  the  method  of  constructing  the  shafts  and  the  galleries  in  order 
to  easily  arrive  at  the  thinner  coal-seams.  We  are  not  able  to  pause  to  consider  all  the 
progress  made  during  the  last  century  in  the  construction  of  coal-mines  in  order  to  render 
the  work  less  difficult  to  the  himdreds  of  thousands  of  meritorious  workers  who  pass  half 
their  lives  in  the  dark  and  disagreeable  depths  of  the  earth,  often  losing  limbs  and  even 
life  in  the  still  all  too  frequent  explosions  of  the  terrible  firedamp  which  is  released  from 
the  carboniferous  seams  and  which  on  mixing  with  air  or  with  dust  catches  fire  and 
explodes  in  a  terrible  marmer  through  a  spark  struck  from  the  rock  by  the  pick  of  a 
miner  or  from  a  badly  closed  lamp.  In  a  moment  the  exit  gallery  is  obstructed  by  heaps 
of  corpses  and  holds  the  dead,  the  living,  and  the  wounded  in  one  tragic  whole.  The 
siu-vivors  and  wounded  are  often  droN^ncd  by  water  which  invades  the  mine  on  account 
of  the  destruction  of  the  pumps  by  the  force  of  the  explosion.  And  thus  of  this  army  of 
humble  but  heroic  workers  who  extract  the  coal  to  serve  for  heating  purposes,  and  as 
the  lifeblood  of  all  oiu:  industries,  entire  regiments  of  the  best  men  are  sacrificed  every 
year  in  order  to  benefit  the  community ;  but  the  frequency  of  these  cruel  disasters,  which 
is  still  terribly  great,  is  sometimes  only  to  be  explained  to-day  (now  that  science  has  mtide 

*  In  Italy  English  coal  is  mainly  consumed,  and  the  types  which  arc  most  commonly  placed  on  the  market 
are  the  following,  to  which  wc  add  the  price-  per  ton  on  board  at  Genoa  and  Venice,  prices  which  frequently 
vary  and  which  arc  only  given  in  order  to  compare  the  qualities :  Cardiff  la,  £1  4«.  OJd. ;  New  FeUon,  £1  ; 
Cowdenbeath.  £1  4«. ;  Newcastle,  £1  1«.  8rf. ;  Be»t  Hamilton,  £1  ;  Scotch,  19».  2i. ;  Cardiff  briquettes,  £1  6«.  7rf.  ; 
Anthracite  smalls,  16«. ;  Anthracite  (according  to  size  from  peas  to  nuts,  tSrc,  also  for  power  gas),  £1  lOi.  od. 
to  £1  16«. 
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80  muoh  progress  and  done  so  much  to  prevent  them)  by  the  culpable  carelessness  of 
the  masters,  or  by  the  ignorance  and  carelessness  of  the  men.^ 

A  less  dangerous  process  of  mining  coal  has  now  been  proposed,  and  has  been  applied 
in  certain  cases,  namely,  by  means  of  water  pressure  up  to  500  atmospheres  instead  of 
explosives,  and  there  are  also  special  safety  explosives  which  are  manufactured  for  use 
in  mines  (see  vol.  ii,  "  Organic  Chemistry  "). 

FOSSIL  CARBON  (peat,  lignite,  common  coal,  and  anthracite)  is  formed  by  the  decom- 
position of  enormous  masses  of  vegetable  residues  of  periods  which  are  earlier  than  our  own 
{see  €ibove).  Peat  and  lignite  were  formed  after  the  cretaceous  period,  for  the  greater  part  of 
the  tertiary  period  and  to  a  certain  extent  in  the  dUuvial  period.  Common  coal  and  anthracite, 
on  the  other  hand,  were  formed  before  the  cretaceous  period.  The  cellulose  of  the  wood 
has  gradually  lost  oxygen  and  hydrogen  under  the  influence  of  heat,  great  pressure,  water 
vapour,  and  the  action  of  micro-organisms,  and  become  richer  in  carbon,  first  forming 
peat  which  contains  about  60  per  cent,  of  carbon  ( +  6  per  cent,  of  hydrogen  and  nitrogen), 
then  lignite  containing  65  to  75  per  cent,  of  carbon,  and  finally  common  coal  containing 
about  90  per  cent,  of  carbon,  3  per  cent,  of  hydrogen,  2  per  cent,  of  oxygen,  nitrogen, 
and  5  per  cent,  of  ash.  Anthracite  is  the  oldest  form  of  fossil  carbon  and  the  richest  in 
carbon,  of  which  it  contains  95  to  97  per  cent.,  and  has  completely  lost  its  fibrous  vegetable 
structure.  One  phase  of  this  decomposition  of  wood  cellulose  was  certainly  due  to 
anaerobic  bacteria,  namely,  of  micrococcus  carbo,  bacillus  carbo,  micrococcus  petrolei, 
&c.  (Renault).  According  to  Omclianski  (1906),  two  anaerobic  bacUli,  forming  spores 
which  are  extremely  resistant  at  90°,  more  especially  participate  in  the  fermentation  and 
decomposition  of  cellulose,  and  the  more  active  of  these  produces  methane  and  CO2 
while  the  other  produces  H  and  CO2. 

All  these  forms  of  carbon  contain  variable  quantities  of  mineral  matter  (ash)  which  may 
be  extracted  with  hydrochloric  acid,  and  may  be  separated  by  burning  the  carbon. 

The  fossil  carbons  constitute  the  most  important  source  of  heat  and  mechanical 
and  electrical  energy  for  industrial  purposes.  The  world's  annual  consumption  of  coal 
amounts  to  about  500,000,000  tons.  The  consumption  has  hitherto  been  proportional 
to  the  industrial  development  of  the  various  nations  and  serves  as  an  index  of  progress 
and  of  civilisation.  But  to-day  much  hydraulic  energy  is  used,  so  this  index  has  partly 
lost  its  value.2 

PEAT.  In  the  natural  formation  of  coal  peat  may  be  considered  as  the  most  recent 
decomposition  product  of  immense  layers  of  marsh  plants,  which  still  clearly  show  their 
structure  and  external  appearance  and  are  mixed  with  earth.  When  formed  in  deeper 
layers  it  has  lost  its  structure  and  has  a  lustrous  appearance. 

It  is  found  in  large  deposits  in  marshy  countries,'  and  when  extracted  is  very  damp, 
containing  more  than  70  per  cent,  of  water.  After  drying  in  the  air,  especially  if  it  has 
first  been  frozen,  it  still  contains  30  to  40  per  cent,  of  water  and  gives  from  5  to  15  per  cent, 
of  ash.  When  it  contains  very  much  ash  (sand,  earth,  &;c.)  it  is  not  suitable  for  use  as  a 
fuel.^     One  cubic  metre  of  peat  weighs  from  150  to  200  kilos.     In  certain  countries  peat  is 

*  In  1000  the  number  of  miners  in  the  world,  who  were  mainly  employed  in  coal  mines,  was  4,355,000,  of 
whom  there  were  875,000  in  England,  500,000  in  Germany,  445,000  in  the  United  States  of  America,  320,000  in 
India,  310.000  in  Ceylon,  293,000  in  France,  240,000  in  ilussia,  219,000  in  Austria-Hungary,  160,000  in  Belgium, 
119.000  in  Japan,  and  60,000  in  Italy,  of  whom  half  are  employed  in  the  Siciliaii  sulphur  mines  and  a  considerable 
portiun  in  the  Sardinian  mines  and  in  the  marble  quarries  of  Carrara.  Of  the  972,000  miners  in  England  in  1907, 
more  than  940,000  were  employe!  in  the  3227  collierica. 

*  About  25  years  ago  the  coal  produced  in  England  was  consumed  by  various  industries  and  for  various 
other  uses  in  the  following  proportions  : 

For  the  production  of  iron  and  steel 30  per  cent. 

For  heating  and  domestic  use        ..........  17 

Foi  steam-engines .  12 

In  ships      ..............  3 

On  the  railways 2 

In  the  mining  industry .7 

For  gas  manufacture   ............  6 

For  the  manufacture  of  glass  and  porcelain 4 

In  chemical  works,  breweries,  distilleries,  metallurgical  works, 

excluding  iron  and  steel,  &c. 0 

Export 10 

Naturally  these  relations  are  not  absolute  and  do  not  apply  to  all  periods.  Tliey  change  together  with  the 
evolution  of  industry,  and  do  not  apply  to  ali  countries  Thchc  proportions  iiave  been  notably  altered  to-day  by 
the  use  of  hydroelectric  energy. 

'  There  arc  large  deposits  of  peat  in  Ireland,  Scotland.  Norway,  Sweden  Gernmny,  Russia,  and  the  North 
of  France.    In  Italy  the  various  peat  deposits  have  a   total    area   of  about    3000   hectares,  and  yielded 
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used  with  advantage  for  the  preparation  of  peat  charcoal.  The  price  of  peat  in  Switserland 
and  Germany  is  from  4s,  10(2.  to  Sa.  Id.  per  ton,  contains  20  to  25  per  cent,  of  moisture, 
and  has  a  calorific  power  of  3000  to  3500  cals.  The  yield  of  charcoal  is  30  to  40  per 
cent,  and  the  price  of  this  varies  from  £1  4*.  to  £1  I2s,  per  ton. 

On  pp.  325-326  we  have  recorded  the  various  processes  of  obtaining  ammonia  and 
gas  for  power  or  for  illuminating  purposes  from  peat.  Attempts  to  obtain  alcohol  from 
peat  have  not  yielded  satisfactory  results  up  to  the  present  {see  vol.  ii,  "  Organic 
Chemistry  "). 

LIGNITE.  This  product  is  also  formed  by  a  process  of  moist  putrefaction  of  Tvood 
which  has  been  carried  much  further  than  in  the  case  of  peat.  It  is  much  more  closely 
akin  to  ordinary  coal,  but  is  distinguished  from  this  by  still  having  the  fibrous  structure 
of  wood,  whilst  in  ordinary  coal  this  structure  is  almost  completely  destroyed.  It  also 
contains  less  nitrogen,  and  when  heated  in  a  test-tube  it  evolves  vapours  of  acid  reaction 
(acetic  acid),  whilst  coal  gives  vapours  of  alkaline  reaction  (ammonia  or  ammoniacal 
bases).  Also  on  heating  powdered  lignite  with  a  solution  of  sodium  hydroxide,  the  latter 
is  coloured  brown,  whilst  with  ordinary  coal  it  is  not  coloured  (though  certain  Ruissian 
coals  form  exceptions).  There  are,  however,  some  lignites  which  resemble  ordinary  coal 
in  this  particular. 

Donath  in  1906  maintained  that  lignite  was  produced  from  plants  richer  in  lignin 
than  those  forming  ordinary  coal,  and  does  not,  therefore,  admit  that  lignite  would  in 
time  be  converted  into  ordinary  coal. 

Air-dried  lignite  contains  on  the  average  20  per  cent,  of  water  and  from  5  to  10  per 
cent,  of  ash.  The  most  certain  method  of  distinguishing  these  products  is  Donath 's  reaction 
with  dilute  (1  :  10)  HNO3  ;  on  heating  lignite  with  this  reagent,  the  liquid  acquires  a  red 
colour  which  it  does  not  with  ordinary  coal. 

Lignite  is  used  as  a  fuel  and  also  in  certain  districts  for  dry  distillation,  by  means  of 
which  para'ffin,  tar,  light  and  heavy  mineral  oils,  illuminating  gas,  and  a  coke  which  is 
used  in  metalliu-gy  are  obtained.^     For  the  production  of  lignite  in  Italy  see  footnote. 

A  special  quality  of  lignite  called  pyropissite,  which  is  found  in  certain  deposits  in  Saxony 
and  Thuringia,  deserves  mention.  It  is  perhaps  formed  from  oil -containing  plants,  and  on 
distillation  it  yields  very  abundant  oily  products,  especially  paraffin.  To-day,  however, 
these  deposits  are  almost  exhausted  and  it  has  been  found,  on  the  other  hand,  that  instead 
of  distilling  certain  hgnites,  it  is  much  more  convenient  to  extract  them  with  a  solvent, 
because  larger  quantities  of  paraffin  of  better  quality  are  so  obtained  {see  vol.  ii,  "  Organic 
Chemistry  ").     In  Germany  600,000  tons  of  various  lignites  are  distilled  each  year. 

COMMON  COAL.  This  product  is  abundant  in  England,  Germany,  Belgium,  and 
America,  and  is  also  found  in  France  and  Russia.  In  Italy,  on  the  contrary,  it  is  almost 
completely  absent.  The  following  more  important  qualities  of  coal  are  distinguished  for 
industrial  purposes : 

(1)  Fat  cocU,  which  when  powdered  and  heated  in  a  crucible  fuses  together  and  forms 
a  homogeneous  mass  of  compact,  fused  coke.  It  is  very  rich  in  hydrogen  and  is  easUy 
lighted,  giving  a  long  flame.  It  is  largely  used  for  gas  manufacture  as  it  yields  25  to  30  per 
cont.  of  gas. 

(2)  Caking  coal  is  that  which  is  more  commonly  used  for  boilers.  On  powdering  and 
heating  in  a  crucible,  it  gives  a  solid  agglutinated  mass  which  is,  however,  not  fused,  but 

about  20,922  tons  in  1903,  59,440  tons  in  1907,  and  33,325  tons  in  1908,  valued  at  £13,432 ;  about  hall  of  this  is 
produced  at  Codigoro,  in  Fenara,  in  the  fonn  of  strongly  compressed  briquettes,  and  large  quantities  will  be  utilised 
in  future  in  Orentano,  in  Tuscany,  for  the  production  of  ammonia,  power  gas,  &c.,  by  the  Mond  process  (tee  p.  826) 
especiaUy  from  the  pcat-bede  of  Angera,  Varese,  Casale-Litta,  Iseo,  VicenzJt,  Udine,  Viareggio,  Livomo,  ^c.  Peat 
ia  employed  in  various  industries  near  the  locality  of  production,  so  that  there  may  be  no  high  freight  charges. 

In  Germany  there  are  about  2  million  hectares  of  peat  land  in  which  about  9000  million  tons  of  peat  are 
present.    In  Russia  944,640  tons  of  peat  were  produced  in  1908,  employing  17,000  workmen. 

^  Statistics.  It  has  been  estimated  tliat  the  various  deposits  in  Italy  still  contain  100,000,000  tons  of  lignite. 
342,219  tons  were  obtained  In  1903  ;  453^)00  tons  in  1907  valued  at  £160,000,  and  477,000  tons  in  1908  ;  thisi  was 
partly  sold,  partly  distilled,  and  partly  burned  as  such.  The  best  qualities  are  the  black  lignites  of  Sanana  and 
Casteanl,  with  a  calorific  power  of  5500  cals. ;  there  are  very  abundant  woody  lignites  in  Valdamo  which  when 
dried  give  400  cals.,  thDUgh  after  extraction  they  contain  40  per  cent,  of  water.  Lignite  is  obtained  in  the  pro- 
vinces of  Yicenzi,  Bergamo,  Cagliari,  Cuneo,  Savona,  Pisa,  Siena,  d'c.  The  consumption  increases  together  with 
the  price  of  ordinary  coal.  Germany  produced  48,000,000  tons  of  lignite  in  1904,  more  than  52,000»000  tons  in 
1905,  and  about  66,000,000  tons  in  1908,  valued  at  £9,000,000,  apart  from  14,000,000  tons  of  briquettes  of  com- 
pressed lignite ;  in  1909  Germany  imported  8,000,000  tons  of  lignite  and  90,000  tons  of  briquettes,  but  exported 
475,000  tons  of  briquettes  valued  at  £169,200.  In  Austria-Hungary  32,000,000  tons  of  lignite  were  produced  in 
1907  ;  in  France  762,000  tons  were  produced  in  the  same  year. 
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fonns  a  light  and  porous  coke.     Some  of  it  gives  little  gas  and  some  a  good  deal.     It  often 
contains  a  little  iron  pyrites. 

(3)  Lean  or  dry  coal  is  the  poorest  quality.  It  contains  much  oxygen  and  little  hydrogen. 
It  costs  less,  and  is  used  for  lime  and  brick  kilns,  &c.  One  cubic  metre  of  good  coal  weighs 
from  700  to  900  kilos. 

In  the  mechanical  sorting  which  takes  place  at  the  mine,  in  order  to  separate  the  various 
sizes,  and  in  the  washing  to  which  the  better  part  of  the  coal  is  subjected,  enormous 
quantities  of  fine  rubbish  are  obtained  which  sometimes  contain  up  to  60  per  cent,  of  ash, 
and  are  thrown  into  heaps  because  only  the  better  part  is  utilised  to  form  briquettes 
(see  below).  Recently,  however.  Dr.  Caro  (Ger.  Pat.  198,295)  has  proposed  to  utilise  these 
residues  by  the  Mond  process  (p.  326)  for  the  production  of  ammonia  and  power  gas. 

ANTHRACITE.  This  product  may  be  considered  as  natural  coke  containing  very 
minute  quantities  of  bituminous  matter  and  hydrogen.  It  no  longer  has  any  vegetable 
structure  nor  is  it  crystallised,  but  its  structure  is  conchoidal  and  irregular.  It  is  brittle, 
does  not  fuse  in  the  furnace,  and  bums  with  a  very  short  and  non-luminous  flame.  The 
composition  of  British  anthracite  varies  between  the  following  limits :  1  to  2  per  cent, 
of  ash,  1  to  3  per  cent,  of  volatile  matter,  0-6  to  1-2  per  cent,  of  sulphur,  92  to  95  per  cent, 
of  carbon,  and  it  has  a  calorific  power  of  7600  to  8200  calories. 

Cannel  coal  and  boghead  coal  are  found  in  large  quantities  near  Edinburgh,  and  are 
distinguished  by  the  large  amounts  of  hydrogen  which  they  contain.  They,  therefore, 
yield  very  much  gas,  together  with  paraffin  and  mineral  oils  for  lighting  purposes  (petroleum), 
&c.  {see  vol.  ii,  "  Organic  Chemistry  "). 

LAMPBLACK  (AMORPHOUS  CARBON).  This  substance  is  obtained  by  carbonising 
various  organic  substances  out  of  contact  with  the  air.  The  purest  form  of  amorphous 
carbon  is  that  which  is  called  lampblack,  and  is  obtained  by  the  incomplete  combustion  of 
resins  containing  much  carbon,  such  as  oil  of  turpentine,  colophonium,  camphor,  tar,  oil, 
&c.,  which  are  burnt  in  presence  of  a  limited  amount  of  air,  whilst  an  iron  cylinder  which 
is  kept  cool  is  rotated  in  the  flame.  The  carbon  is  then  deposited  in  a  very  finely  divided 
state  on  this  cylinder.  According  to  its  purity,  this  product  costs  from  £50  to  £400  per  ton. 
In  1907  Italy  imported  l'98-6  tons  of  lampblack  and  in  1908  about  170  tons. 
RETORT  CARBON  (GAS  CAI^BON  or  METALLIC  CARBON)  also  belongs  to  the 
amorphous  forms  of  carbon.  It  is  formed  by  the  decomposition  of  the  hydrocarbons 
which  are  evolved  during  the  dry  distillp.tion  of  coal  in  gasworks  and  is  found  as  a  deposit 
on  the  internal  walls  of  the  retorts.  It  is  very  hard,  has  a  metallic  appearance  and  is  a 
good  conductor  of  electricity  and  heat.  It  is  used  in  certain  galvanic  cells  for  the  carbons, 
for  arc  lamps  and  for  carbon  electrodes  in  general.  It  is  sold  in  pieces  or  lumps  at  from 
£14  to  £60  per  ton. 

COKE  is  mainly  obtained  as  an  abundant  by-product  (60  to  70  per  cent.)  in  the  dis- 
tillation of  the  coal  used  for  the  manufacture  of  lighting  gas  and  also  as  metallurgical 
coke.  During  this  distillation  the  ammonia  and  tar  which  serve  for  the  preparation  of 
various  organic  compounds,  such  as  benzene,  anthracene,  naphthalene,  pitch,  &c.,  are  also 
utilised. 

To-day  coke  is  also  prepared  especially  in  suitable  ovens  for  various  industrial  and 
domestic  purposes.  It  contains  much  carbon,  gives  no  tarry  fumes  on  burning  and  may 
be  used  for  obtaining  high  temperatures  in  presence  of  sufficient  quantities  of  air.  From 
coke  and  steam  one  obtains  water  gas,  which  is  used  as  a  power  and  illuminating  gas  {see 
below)  and  is  formed  of  a  mixture  of  H,  CO,  and  COg. 

Coke  is  a  hard  spongy  form  of  amorphous  carbon,  which  is  a  good  conductor  of  heat  and 
electricity.  It  is  used  as  a  fuel,  but  more  especially  in  very  large  quantities  for  metallurgical 
purposes  in  blast  furnaces,  on  account  of  its  groat  hardness,  in  iron  foundries,  &c.,  and 
costs  from  £1  to  £1  8«.  per  ton  (1  cu.  metre  of  coke  weighs  about  400  kilos).  (These  prices 
do  not,  of  course,  apply  to  English  conditions. — Translator,) 

The  coke  produced  in  gasworks  cannot  be  xiscd  as  metallurgical  coke  as  this  must  be 
free  from  volatile  products  and  consist  as  far  as  possible  of  pure  carbon.  It  should  be 
compact  and  hard,  and  therefore  can  only  be  obtained  when  the  gases  which  are  developed 
on  heating  (hydrocarbons)  remain  in  contact  with  the  porous  mass  of  coke  which  is  formed, 
for  a  prolonged  period.  In  this  way  the  pores  are  partly  filled  by  a  graphitic  mass.  This  is 
what  occurs  during  the  manufacture  of  metallurgical  coke,  but  not  during  that  of  illuminating 
gas,  so  that  the  coke  obtained  during  the  latter  process  is  not  used  metaUurgically,  in  the 
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same  maiiDor  that  the  carhon  obtained  by  the  distillation  of  wood  in  retorts  oannot  be  UM>d 
inHtocd  of  wood  charcoal  obtained  in  kilne  for  various  metallurgical  operationa* 

It  wou]d  appear  that  in  the  preparation  of  nmtaUurgical  coke  it  would  not  bo  possible 
to  recover  volatile  products  of  great  value  as  these  would  be  consumed  fay  the  coke  pro- 
duction itself.  If  one  remembers,  however,  that  of  the  products  of  distillation  of  coal 
thotc  of  greater  value  only  form  a  email  fraction  of  the  whole  mass,  it  appears  poBsiblc  lu 
save  the  more  valuable  volatile  products,  whilst  burning  those  of  minor  value  tor  the  pro- 
duction of  coke.  In  order  to  obtain  compact,  hard  coke  without  consumption  of  tbo  mon.- 
valuable  volatile  products,  cole-ovata  have  been  invented  which  arc  very  narrow  and  very 
high  t^nd  long,  and  arc  fo  constructed  that  the  weight  of  the  upper  layere  of  coke,  prossin;; 
on  those  below,  hinders  the  swelling  of  the  coal  during  heating,  and  a  coke  results  which 
is  less  porous  and  harder.  From  the  vapours  produced  on  distiilation  tar  and  ammonia 
are  citracted,  and  the  remaining  gas  is  burnt  in  the  regenerative  furnaces,  or,  as  is  the 
ca^o  in  many  works,  the  benzene  is  first  separated  from  these  gasca  before  burning  them. 
This  is  done  by  cooling  them  strongly  in  order  to  condense  the  benzene,  or  by  passing 
them  through  tar  oils  of  high  boiling-point  by  which  the  benzene  is  dissolved  (Frani 
Brunck's  process).  The  benzene  is  then  recovered  from  these  solvents  by  simply  heat- 
ing  them.     By  this  process  but  little  toluene  is  obtained,  whilst  more  is  obtained   by 
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distilling  gas  tar.  At  one  lime  only  5  per  cent,  of  the  lienwtnc  thus  formed  was  conden.sed. 
but  to-day  by  means  of  this  system  of  washing  the  vapours,  the  quantity  of  benzene  huH 
been  trebled.  Thus  in  Germany,  where  15,000  to  20,000  tons  of  benzene  wore  ot  first 
obtained,  80,000  tons  and  more  are  obtained  to-day. 

In  Fig.  148  wo  give  the  general  aspect  of  an  old  coke-oven  which  is  chained  from  above 
and  heated  below  by  flues  below  the  solo,  in  which  the  gases  escaping  from  the  distillation 
are  burnt.  Before  bt^ing  charged  into  the  oven  the  coal  is  crushed,  and  then,  after  some 
day.iot  heating,  is  discharged  as  indicated  in  the  Figure  by  means  of  a  mechanical  ram 
which  enters  at  one  door  and  forces  the  coke  out  at  the  other  end,  while  still  red  hot  ;  it 
is  then  quenched  with  water.  In  Fig.  149  a  battery  of  modem  coke-ovens  is  ahown  in 
section,  and  in  this  we  see  that  the  charge  is  heated  by  means  of  a  series  of  flues,  S,  Sy, 
in  which  the  gas  proceeding  from  the  regenerator,  h,  is  burnt.  Above  we  sec  the  tubep, 
1,  k,  I,  in  which  the  gases  and  vapours  obtained  by  the  distillation  of  the  coal  are  lad  away. 
As  we  see  from  the  section,  the  chambers  of  these  furnaces  are  0"5  to  frB  metro  wide,  1  -6  to 
1-7  metres  high,  and  9  to  10  metres  long.  They  take  a  chai^  of  6{  to  6  tons.  In  larpi- 
works  for  the  production  of  metallurgical  coke,  powdered  coal  is  used  to-day,  together 
with  small  pieces.  These  are  slightly  moistened  and  are  compressed  in  long  large  block.'i 
which  have  almost  the  dimensions  of  the  furnace  mouth.  These  blocks  are  carried,  by 
means  of  a  suitable  car,  up  to  the  furnace,  into  which  they  are  made  to  enter  by  meana 
of  a  suitable  arrangement,  in  such  a  way  that  the  new  block  of  coal  is  forced  into  the 
furnace  and  forces  out  the  red-hot  block  of  coke,  which  has  just  been  finished,  at  the  other 
end.  The  heating  of  the  coal  tor  the  production  of  coke  lasts  from  36  to  48  hours,  and  thp 
yield  of  coke  varies  from  GS  lo  75  per  cent.,  with  simultaneous  production  of  about  2  per 
cent,  of  tar  and  of  about  1  per  cent-  of  ammonium  sulphate.    The  most  modem  t^-pes 
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of  oven,  whicK  have  lately  become  widely  adopted  for  the  recovery  and  ntihsation  of  the 
vapours,-gases,  and  tar,  are  the  Semet-Solvay  and  Otto-HoSmann  ovens.  In  I8fl8  1800 
Somet-Solvay  ovens  were  already  at  work  in  various  countries,  and  there  were  also  5000 
Otto-Hoffmann  ovens  at  work  in  Europe,  whilst  in  the  United  States  alone  4000  Otto- 
Hoffmann  ovens  were  constmctad  between  1902  and  1906.  Prom  1906  to  1908,  however, 
other  ovens  were  more  frequently  constructed  without  the  recovery  of  secondary  products, 
Ix-cause  these  could  no  longer  be  remuneratively  placed  on  the  market. 

Figs.  150  and  151  give  an  idea  of  modem  coke-ovens  heated  by  means  of  Siemens' 
regenerating  furnaces,  A  and  ^,  of  which  U'e  give  a  description  in  Part  III  in  Ihe  chapter 
on  Glass,  h  and  h^  are  alternately  used  for  heating  the  air  which  is  required  for  the 
combustion  of  the  purified  gases  proceeding  at  one  period  from  n  and  at  the  other  period 
from  o.  In  the  middle  of  the  vaulted  roof  of  each  oven  (Fig.  151)  there  are  two  large 
pipes,  c,  which  carry  away  the  gases,  vapours,  and  tar  which  are  formed  on  heating  coal 
out  of  contact  with  air  ;  these  are  cooled  in  suitable  condensers,  such  as  are  used  in  the 
manufacture  of  lighting  gas.    Each  chamber  is  charged  through  three  raanholes  above. 
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the  coal  being  carried  on  trucks.  Between  each  oven  and  its  neighbours  there  is  a  series  of 
vertical  flues,  S  and  S,,  which  lead  upwards  into  a  horizontal  canal  O,  and  below  into  a 
canal  divided  into  two  halves,  /  and  g.  II  during  the  first  phase  of  the  operations  the  air 
is  heated  In  the  generator,  h,  combustion  commences  already  in  the  neigh ttourhood  of  the 
o|H-nings,  rand  p,  and  the  hot  combustion  gases  pass  from/ through  the  vertical  canals,  i9, 
and  through  0,  then  descend  the  flues,  S,,  and  thus  arrive  in  g,  in  order  to  then  heat  the 
regenerator,  h^,  before  passing  out  into  the  air. 

During  the  second  phase  the  gas  current  is  reversed.  The  regenerator,  A,,  now  heats 
the  air,  and  gas  passes  from  g  and  through  the  fluea.  Si  and  S,  into  the  regenerator,  h.  With 
this  scheme  of  working  there  is  no  chance  of  any  possible  admixture  of  air  and  gas  as  there 
is  when  these  are  able  to  pass  through  neighbouring  regenerators,  when  they  sometimes 
cause  fusion  of  the  material  and  explosions.  Until  now,  preheating  of  the  combnsUble 
gases  has  not  been  applied.  The  regenerators  are  used  alternately  for  heating  the  air 
of  which  a  volume  six  times  that  of  the  combustible  gases  is  required.  This  air  arrives 
cold  alternately  through  the  tubes,  n  and  o,  and  is  introduced  alternately  into  the  flues 
S  or  Si-  Since  the  air  acquires  a  temperature  of  1000"  in  the  regenerators,  it  is  not 
necessary  to  bum  all  the  ga.^  in  order  to  work  the  ovens,  and  a  part  may  he  economised 
by  using  it  as  a  source  of  power.  Air  being  completely  excluded  from  the  coke-ovens, 
the  coke  yields  are  7  per  cciit.  greater  than  those  obtained  in  the  old  type  of  oven.     In 
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each  ch&mber,  charged  with  from  S-8  to  6  tons  of  coal,  apart  from  gas  used  in  heating.  l<ii^ 
cu.  motreH  of  gas  are  now  produced  per  day  of  the  following  composition  :  Benzene.  0-6 
per  cent,  jj'othyiene,  161  per  cent.  ;  HtS.  0-42  per  cent.  ;  00^,  1-39  per  cent.  ;  CO.  6-41 
per  cunt.  ;  _^H,  52-69  per  cent.  ;  methane,  35-67  per  cent.  ;  water  vapour,  1-21  per  cent. ; 
thia  gas  may  be  used  for  lighting  purposes  or  as  power  gas.  For  the  yields  of  tai. 
illuminating  gas,  coke,  &o.,  obtained  on  distilling  both  coal  and  wood,  gee  vol.  ii,  "  Organii 
Chemiatry." 

The  world'H  production  of  coke  (both  metallurgical  and  gas  coke)  is  valued  at  about 
£6,800,000,  and  is  about  60,000,000  tons.  The  United  States  of  America  alone  producfd 
22.500,000  tons  in  1902  in  69,000  coke-ovena,  of  which  1663  recovered  the  by-product.', 
whilst  in  1880  the  production  was  only  6,500,000  tons. 

In  1880  England  produced  15,600,000  tons  of  coke.  In  1904  Germany  produciHl 
12,000,000  tons  of  metallurgical  coke  and  in  1906  more  than  20,000,000  tons.  In  l^-l' 
Germany  imported  673,000  tons  of  coke  and  exported  3,448,000  tons. 
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In  Italy  about  100,000  tons  of  metallurgical  coke  were  used  in  1903,  of  which  40,000 
tons  were  supplied  by  the  Savona  works  ;  another  portion  by  the  company  working  the 
blaHl  furnaceM  on  the  Island  of  Elba,  and  the  remainder  was  imported  from  England  and 
Germany.  The  gasworks  produced  about  709,000  tons  of  coke  in  1908,  which  was  used 
us  an  ordinary  fuel. 

WOOD  CHARCOAL.  This  is  produced  by  heating  wood  out  of  contact  with  the  nir 
in  pieces  and  in  Ic^  in  large  heaps  covered  with  earth.  A  few  openings  are  left  for  the 
escape  of  the  gases  which  arc  formed  duriiig  the  combustion.  This  is  started  by  lightinf; 
the  wood  at  the  bottom  and  the  process  lasts  several  weeks.  The  end  of  the  procotts  is 
recognised  by  the  colour  of  the  smoke. 

In  this  way  all  the  volatile  producta,  which  are  of  great  value,  are  lost,  and  to-da\~ 
carbonisation  is  ottonr  conducted  in  suitable  furnaces  or  retorts,  which  allow  the  volatile 
products,  consisting  of  lighting  gas,  methyl  alcohol,  acetic  acid,  and  tar,  to  be  utilised. 
(Translalor'a  note. — Acetone  should  also  be  mentioned  as  one  of  the  most  important 
by-products.) 

On  aeeount  of  its  high  degree  of  porosity  wood  charcoal,  apart  from  its  use  as  a  fuel, 
is  used  for  the  absorption  of  gases,  for  the  deeolorisation  of  aymps  and  purification  of 
liquids  Kuch  as  alcohol.  It  is  aim  u.4cd  aa  a  reducing  agent  for  obtaining  metals  from  various 
ores,  more    especially  from    their   oxides.     According    to    the   fineness    of    the    ground 
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powderandiUpurity  woodoharcoalooBtefromfS  tofiUpor  ton.  Kit  is  purified  with  HP 
it  may  cost  as  muoh  aa  23.  5d.  per  kilo. 

In  Rusaia,  Sweden,  and  North  America  wood  charcoal  ia  still  used  for  the  production 
of  iron.  In  the  United  States  alone  400,000  tons  are  produced  annually  tor  this  purpose, 
and  in  Sweden  in  1903  456,000  tons  were  produced,  corresponding  to  6,000,000  cu.  metres 
of  wood. 

In  1908  Italy  exported  24,603  tons  of  wood  charcoal. 

AKIMAL  CHARCOAL  (BONE  CHARCOAL)  is  another  form  of  amorphous  carbon 
and  is  obtained  by  heating  various  animal  substances,  euch  as  blood  or  freshly  defatted 
bones  in  closed  retorts  (p.  313).  That  produced  from  bones  contains  10  per  cent,  of  carbon 
and  90  per  cent,  of  mineral  matter.  It  should  not  colour  a  solution  of  sodium  hydroxide. 
It  has  the  power  of  decolorising  various  solutions  to  a  high  degree  and  is  therefore  employed 
industrially,  especially  in  sugar  refineries,  in  order  to  decolorise  the  sugar  solutions,  and  also 
forms  the  best  means  of  removing  fusel  oil  from  spirits.    The  decolorising  powfr  of  animal 
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charcoal  is  much  higher  than  that  of  wood  charcoal  on  account  of  its  speciul  composition 
and  structure. 

It  becomes  inactive  during  use,  and  is  revivified  by  washing  with  HCl,  then  boiling 
with  a  solution  of  sodium  hydroxide,  washing  well,  treating  with  steam,  drying  and 
heating  to  bright  redness  (see  vol.  ii,  "  Organic  Chemistry,"  chapter  on  Siiga^).  When 
impure,  in  powder  or  in  lumps,  it  costs  from  £12  to  £14  per  ton  ;  when  partially  refined 
it  costa  £40,  and  when  pure  and  moist,  up  to  £70.  When  chemically  pure  (washed  with 
acids,  &c.)  it  is  sold  at  £200  per  ton. 

AGGLOMERATED  COAL  (BRIQUETTES).  These  are  prepared  from 
coal  or  lignite  dust  by  mixing  with  a  small  amount  of  binding  material  and 
exposing  the  moss  to  very  high  pressure  in  suitable  moulds^  by  means  of 
special  presses  (Fig.  152). 

Ordinarily  dust  or  the  smaller  portions  of  lean  coal  (though  not  as  lean 
a«  anthracite)  are  used,  which  are  not  suitable  for  the  preparation  of  coke  ; 
6  to  8  per  cent,  of  coal-tar  pitch  is  mixed  with  the  already  pulverised  mass, 
which  is  then  raised  by  means  of  elevators  into  a  cylinder  provided  with  a 
stirrer  and  heating  arrangement  which  sometimes  consists  of  a  small  jet  oE 
steam  passed  into  the  mixture.    The  pitch  is  thus  softened  and  the  heated 
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mass  ia  distributed  on  to  a  revolving  plate  which  carries  moulds  into  which  the 
mixture  ia  tilled  and  then  strongly  compressed.  The  briquettes,  stamped  with 
the  mark  of  the  particular  works,  are  automatically  ejected  from  the  mould. 
Fig.  152  docN  not  iit-cd  any  further  oxplanfttion.  In  the  following  figure  (Fig.  153) 
we  see  another  machine  which  is  used  for  the 
production  of  briquettes  in  the  shape  of  eg|^ 
or  balls  for  American  stoves.  The  hot  pul- 
verised mass  is  distributed  between  l«u 
cylinders  which  each  carry  half  a  mould 
(hemisphere)  corresponding  exactly,  in  such 
a  way  that  when  the  cylinders  turn  towards 
one  another,  the  two  moulds  meet  in  th-- 
middle  and  form  a  sphere  of  coal  with  i 
smooth  surface.  In  some  works  residue* 
from  cellulose  manufacture  are  ustti  as  i 
binder,  afl«t  evaporation,  with  coal,  thll^ 
saving  a.  portion  of  the  coal-tar,  pitch, 
g'ue,  &c.  .   ' 

Good  briquettes  have  a  calorific  power  el  I 
7700  cals.  referred  to  the  dried  substance,  are  , 
compact,  and  do  not  crumble  in  the  fire. 
They  should  not  contain  much  ash  or  much 
sulphur,  and  should  be  resistant  to  weather- 
ing. The  pitch  which  is  employed  should 
not  give  more  than  40  per  cent,  of  coke  and 
T4'9  par  cent,  of  it  should  be  soluble  in 
carbon  disulphidc.  It  should  have  a  calorific 
Fro.  152,  power  of  more  than  8600  cals.   and   contain 

less  than  5  per  cent,  of  hydrogen.     In  ordei 
to  discover  liow  much  pitch  has  been  Mlded,  the  composition  is  extracted  in  a  Soxhlct 
apparatus  twice  per  twenty-four  hours  with  carbon  disulphide,  and  the  extract  is  dried 
for  three  dayw   in    tveuo   over   phos- 
phoric acid.     Good  briquettes  should 
give  at  least   5   per  cent,  of  extract. 
They    should    not    yield    more    than 
8  per  cent,  of  ash  or  le^  than  10  per 
cent,  of  volatile  products.  . 

In  Germany  10  476.200  tons  of 
coal  briquettes  were  manufactured  in 
1903,  13,000,000  tons  in  1905,  and 
more  than  lr>,0OO,(K)0  tons  in  1907. 
Germany  ejiportcd  iWI.OOO  tons  of 
such  briquettes  in  190.>,  1,090,000 
tons  in   1906,  and   1,146,000   tons  in 

1909.     Italy  produced  829,280  tons  of  1 

various  briqucttcd  fuclH  in  1906,  and  Fia.  153.  i 

804,700    tons     in     190S,     valued     at  J 

£948,000;  of  thisquantity  18,720  tons  were  briquettes  of  wood  charcoal  valued  at  £52,0«PO, 
In  1907,  Italy  imported  "94.'>  tons  of  prepared  carbon  tor  electrotechnical  purposes  and 
1570  tons  in  1908. 

COAL  AS  A  SOURCE  OF  HEAT.     The  specific  heat  of  carbon  is  very  low    | 
and  increases  with  elevation  of  the  temperature  ;    at  —  50"  it  is  0-062 ;  and 
at  98rt°  it  is  0-4')9,  which  shows  that  at  ordinary  temperatures  the  molecule  is    ■ 
very  large  and  complex. 

The  heat  which  is  evolved  on  completely  burning  1  kilo  of  pure  carbon ' 

<  IuIIktoiiiIiukIIhiioF  ri'IIiiliwi' (»i>i><1>  ('.,IT|nOr, -F^  CO,    dCO,  +  &ll,0,  17.180  Kj,  (4140  Oilg.)  WI  dcTdnprd      | 
per  kilograiiiinf,  nnil  tills  qiiantily  b»k  Ihii-  irqiiinil  by  cfllalcn.1'  in  hn  tonnalion  by  Ibf  ill  lli«l  Lou  oil  ht  w  " 


COAL  AS  A  SOURCE  OF  HEAT      871 

is  33,800  Kj.  =  8080  cals.,  and  ia  Ba£Boieiit  to  melt  100  kilos  of  ice  or  to  rftiae 
80  litres  of  water  at  0'  to  the  boiling-point.  The  temperature  of  combustion 
when  burnt  in  the  air  is  below  1700°,  whilst  it  is  much  higher  when  burnt  in 
oxygen. 

One  h.p.-hour  correBponds  to  594  Cals.,  and  the  efBciency  of  a  steam- 
engine  varies  from  500  to  1000  grms.  of  coal  per  h.p.-hour  for  a  machine  of 
100  h.p.,  according  to  the  efficiency  of  the  condensation. 

One  kilo  of  good  coal  burnt  under  the  boilers  may,  in  practice,  give  8  to 
8J  kilos  of  steam.  In  order  to  determine  the  efficiency  of  boilers,  these  are 
worked  for  10  hours,  noting  the  quantity  of  ash  and  cinders  and  the  total 
quantity  of  evaporated  water  by  collecting  the  water  in  the  measuring  vessel 
attached  to  the  boiler. 

The  determination  of  the  calorific  -power  of  coal,  that  is,  the  measurement 
of  the  heat  which  is  developed  by  the 
complete  combustion  of  a  given  weight 
of  the  sample,  is  of  the  greatest  im- 
portance.   In  order  to  obtain  exact 
and  concordant  resulto  in  boiler  tests, 
the  analysis  should  be  made  of  a  well- 
prepared  sample  taken,  for  example, 
from  various  parts  of  a  truck  of  coal 
and  oniting  the  powder  and  the  lumps 
so   that   about    100    kilos   are   taken 
altogether.    This  is  then  heaped  up  I 
on  a  polished  floor  in  the  form  of  a 
square    with   sides    about   2    metres, 
high,  smashing  the  very  large  pieces 

of  coal  with   a  hammer.      Diagonal  yio.  154, 

and  cross  lines  are  then  drawn  on 
the  heap  with  a  piece  of  wood  as  in  the  Figure,  and  of  the  eight  portions  so 

obtained  \—/f-\  four  alternative  portions  are  removed ;  the  60  kilos  which 

remain  are  heaped  up  into  a  similar  square,  again  crushii^  the  latter  pieces, 
and  the  sample  divided  ia  a  similar  manner,  so  that  25  kilos  are  obtained, 
and  the  operations  are  repeated  until  samples  of  12  kilos  and  finally  of 
6  kilos  are  obtained.  This  sample  is  then  taken  into  the  laboratory,  coarsely 
powdered,  and  reduced  to  half  and  a  quarter  aa  before.  It  is  then  finely 
powdered  until  the  whole  passes  through  a  sieve  such  as  is  used  for  flour. 
From  this  sample  portions  are  taken  for  the  various  analyses. 

An  indirect  and  not  cilwajs  exact  method  of  determining  the  calorilic  power  of  &  com- 
bustible is  that  proposed  by  Berthier :  I  grm.  of  the  powdered  fuel  is  mixed  with  40  to 
90  grms.  of  powdered  Uthu'ge  (lead  oxide)  or  70  to  80  grms.  of  white  lead.  Hie  whole 
is  fused  and  allowed  to  cool  after  some  time  ;  the  butt-on  of  lead  which  is  formed  at  the 
bottom  of  the  crucible  is  then  weighed.  One  gramme  of  lead  corresponds  to  234-2  cals., 
and  by  simple  multiplication  the  calorific  power  of  the  fuel  is  obtained. 

The  determination  is  exact  when  the  fuel  is  burnt  in  Berthelot's  calorimeter  or  in  the 
other  eaffidently  exact  calorimeters  of  Mahler,  Fischer,  or  Hempel.  In  the  English  and 
Italian  coal  trade,  the  Lewis-Thompsoa  oalorimetr  is  used.  This  is  much  less  exact 
than  those  just  mentioned  and  gives  varying  and  inexact  results.  In  this  apparatus 
(Fig.  154}  2  grms.  of  the  powdered  coal  are  mixed  with  20  to  26  grms.  of  a  dry  oxidising 
mixture  of  3  parte  of  potassium  chlorate  and  1  part  of  potassium  nitrate.  The  whole 
is  introduced  into  a  copper  cylinder,  d,  and  a  piece  of  paper  fuse  is  fixed  into  the  surface. 
This  is  prepared  by  soaking  filter  paper  in  a  solution  of  lead  nitrate  and  then  drying  it. 
Then  the  temperature  of  the  water,  which  should  be  4"  to  6°  below  that  of  the  atmosphere, 
isexactlymeasuredby  meunsof  a  thermometer  divided  into  tncnticthsof  adcgrt-oat  least. 
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The  fuse,  which  emerges  from  the  mixture  to  a  height  of  1  cm.',  is  then  lit,  and  the  cylinder 
which  is  fixed  in  a  spring  foot  is  rapidly  covered  with  a  cylindrical  copper  cylinder,  5, 
provided  with  a  long  delivery  tube  furnished  with  a  tap,  and  the  whole  is  then  quickly 
immersed  in  the  glass,  Ay  which  contains  exactly  2  litres  of  water.  As  soon  as  the  fuse 
ignites  the  mixture  the  development  of  hot  gases  from  the  combustible  commences  and  these 
pass  through  holes  in  the  lower  part  of  the  copper  cap,  passing  up  the  column  of  water  to 
which  they  yield  all  their  heat.  The  regular  combustion  should  Isist  from  45  to  60  seconds, 
and  this  result  is  obtained  by  varying  the  quantity  of  oxidising  mixture,  the  period  of 
combustion  being  increased  by  diminishing  the  amount  of  the  mixture,  or  lengthened 
by  increasing  it.  The  temperature  of  the  water  before  and  after  the  operation  is  then 
observed,  and  the  rise  of  temperature  so  obtained.  From  this  the  number  of  calories 
evolved  is  deduced,  knowing  that  1000  cals.  are  required  to  raise  the  temperature  of 
1  litre  of  water  up  to  1°.  The  final  result  is  increased  by  10  per  cent.,  to  allow  for  the 
heat  absorbed  by  the  apparatus  and  dispersed.  Certain  improvements  have  been  recently 
introduced  into  this  apparatus,  consisting  in  obliging  the  gases  to  pass  through  a  long,  thin, 
serpentine  coil,  so  that  all  their  heat  may  be  absorbed  by  the  water.  In  order  to  obtain 
reliable  results,  the  experiment  is  repeated  several  times,  always  compressing  the  mixture 
in  the  tube  to  an  equal  extent,  and  the  highest  result  is  considered  to  be  the  most  correct. 
For  example,  if  with  2  grms.  of  coal  a  rise  of  7 '26°  is  obtained  in  2  litres  of  water,  then 
each  litre  has  absorbed  7250  cals.,  corresponding  to  1  grm.  of  coal^  as  2  grms.  have  been 
used  for  the  2  litres.  Adding  10  per  cent,  we  obtain  7975  cals.,  which  represents  the 
calorific  power  of  the  coal.^ 

There  are  lignites,  anthracites,  cokes,  and  coals  containing  much  ash  which  burn  badly 
or  not  at  all  in  Thompson's  calorimeter,  and  they  must  then  be  mixed  with  half  their  weight 
of  an  easily  combustible  coal  of  known  calorific  power,  and  the  heat  of  the  lignite  or  anthra- 
cite then  calculated.  The  calorific  power,  C,  may  also  be  calculated  indirectly  by  GoutaFs 
formula,  which  gives  sufficiently  reliable  results  which  are  generally  200  to  300  cals. 
higher  than  those  obtained  by  Thompson's  calorimeter,  but  accord  fairly  well  with  the 
values  obtained  with  the  Berthelot-Mahler  calorimeter.* 

Although  not  officially  used  in  the  Italian  coal  trade,  we  give  a  drawing  of  the  bomb- 
calorimeter  of  Berthelot  modified  by  Mahler  (Fig.  155),  and  with  this  exact  results  are 
obtained.  It  is  formed  of  a  very  strong  steel  vessel.  A,  which  is  platinised  or  varnished 
inside  and  nickel-plated  outside,  closed  with  a  strong  cover  with  a  very  tight  screw.  This 
cover  carries  a  platinum  crucible  or  boat,  m,  for  the  weighed  sample  of  fuel,  and  is  provided 


*  We  here  give  the  calorific  power  of  several  combustibles  referred  to  1  grm.  of  substance  and  expressed  in  snuijl 
calories,  including  the  heat  of  condensation  of  water  vax>our,  which  is  found  in  the  products  of  combustion,  into 


liquid  water.   These  values  may  vary  slightly  with  variation  of  the  quality  of  the  fuels  : 


Hydrogen  .        ^ 

Pure  carbon  (forming  COt) 
Pure  carbon  (forming  CO) 
Completely  dried  wood 
Air-dried  wood 
Wood  charcoal  . 
Air-dried  peat  . 
Lignite     . 

Ordinary  common  coal 
Anthracite 
Cardiff  coal  No.  1 
Coke  from  common  coal 
Coke  from  lignite 


Cals. 
84200 
8080 
2430 
8700 
290O 
7000 
3600 

4000-5500 
7500 
8000 

7800-^200 
7100 

6500-6500 


Shales,  paraffins,  and  solid  hydro- 
carbons   

Ethyl  alcohol 

Methyl  alcohol  .... 

Petroleum  (mixed  hydrocarbons) 

Heavy  petroleum  oils 

Carbon  monoxide  (CO) 

Water  gas  (equal  volumes  of  H  and 
CO)  per  cubic  metre,  about 

Lighting  gas 

Oils  and  fats 

Methane 

Ether 


Cals. 

10-11000 

7000 

5300 

11-12000 

11-11500 

2421 

3100 

4500-5000 

9300-9500 

12700 

9027 


•  Goutal'B  formula  is  O  -=  82Z  -{■  aV,  where  C  indicates  the  calorific  power  In  calories  referred  to  1  grm,  of  fuel ; 
K  is  the  percentage  of  coke  (after  deduction  of  the  ash)  and  V  that  of  the  volatile  products  (deducting  the  moisture) ; 
a  is  a  value  which  varies  with  the  amount  of  volatile  products,  and  is  obtained  from  the  following  table  corre- 
sponding to  the  value  of  F\  which  indicates  the  percentage  of  volatile  products  in  the  coal  after  deducting  the 


moisture  and  ash 


here  is  the  Table : 


Fi»    5       8      10       12       14       16       18       20       22       24      26       28     30      84       88 
a    »  145  186  130     124     120    115     112     109     107     104     102     100    98       95       85 

Example.  A  coal  gives  on  analysis :  moisture,  0-5  per  cent. ;  coke,  85  per  cent. :  volatile  products  other  than 

moisture,  13-5  per  cent. ;  we  then  have  Z  -  85  -  6-6  =  78-4  ;    F  =  18-5  and  F»  =  ^^'^  ^  ^^  =  14«,  which 

78-4  +  13-5     . 
corresponds  in  the  Table  to  a  value>f>  -  118   about,  and  thus  C  =[(82  x  78-4)  -f  (118.x  iS^)  -  8021  8 
calorics. 
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With  two  plfttmum  wires,  h  and  g ;  an  iron  wire  of  known  weight  dips  into  the  crucible  and 
niay  be  heat«d  to  incandeaeence  by  means  of  the  electric  current.     The  bovnh  in  immersed 
in  a  melal  cyhnder  provided  with  a  stirrer  containing  a  dcfinit*  quantity  ot  water  (1  ot  2 
titrea),  of  which  tho  temperature  is  measured  before  and  afl«r  combustion  by  means  of  a 
thormomet«r  divided  into  fiftieths  of  degrees  ;  this  cylinder  containing  tho  water  is  covered 
with  wool  or  insulating  felt  and  the  whole  is  surrounded  by  a  reservoir  of  water  which  ' 
surrounds  tho  cover,  in  order  to  minimise  the  influence  of  the  surrounding  fttmosphore. 
The  tmrab  is  filled  with  pure  compressed  oxygen  absolutely  free  from  hydrogen  ;   elec- 
trolytic oxygen  is  therefore  not  suitable  and  oxygen  obtained  from  liquid  air  is  preferable  ; 
oxygen   is   passed  in    through     ^ 
tho    valve,   /,    which    is    con- 
nected    to    the    cylinder,    R, 
coDtaioii^   pure  oxygen  com- 
pressed   to   50   to    100    atmo- 
spheres.    The  valve  is  opened 
to  such  an  extent  that  a  pres- 
sure of   16  to  20  atmospheres 
is    present    in    the  calorimeter 
as  indicated  by  the  manometer. 
When    the    current    is   passed 
the   iron   spiral    is    heated    to 
redness   and    the    fuel    bums. 
A  calorific  determination   may 

thus  be  made  in  a  few  minutes.  ^"^  ^®^- 

In  some  bombs  there  are  suit- 
able apertures  with  valves  so  that  the  gases  formed  during  combustion  may  be  removed 
and  subjected  to  any  special  analysis  if  required.' 
'  The  detailt  for  ■  pmctiul  di 


U  the  bomb  iaperfwlly  iw»-1tght,  HO  bubbles  should 

ewwpe  when  it  la  Immersed  in  water.    Before  th 

t  the  ISernwrnttfT  Hanicntd  In  Ihe  water  In  C  rematDH  contUnt.   Then  the  current  la  tuud  Irom  sci 

•r  »  single  nioinriit.    The  Inn  wire  Inside  Ihc  bottom  becomes  bsted  and  caiuxi  the  complete  Bud  In 

^ilion  o(  the  charge  ;  Itey  src  continued  two  or  three  times  at  hall-tulnute  interiula,  and  then  at  on 

ntermii  tor  aeven  or  eight  minutes  as  the  lempimture  rises  to  the  maximum  and  deorrasM.    By  this  m 

■an  tenpenture  varifttton  (or  each  minute  In  llie  observattons  during  Ignition  and    belore  and  a 

fcura  during  the  period  between  fgnltioD  and  Ihe  period  ol  maximum  temperature,  because  llic  some 

nd  thus  Id  the  first  hsit-mlnule  belore  Ignition  the  tadlatfon  will  be  equal  to  that  ob^rved  in  the  doit  hat 

ter  Ignition.  The  heat  ol  lormatkin  ot  the  nitric  arid  formed  troni  the  niliogen  ol  the  air  contained  in  1 

the  beginning  oltheopcretion  must  also  bededucled;  0'£3  cal.  Is  allowed  per  1  rngrm.  of  UNO,, 

omb  of  250  cu.  metres  capaeily  48  nignus.  of  ll.VO.arc  lorraed.  giving  rl«e  to  11  ral». ;  the  hiat  ol  comb 

le  iron  spiral  or  cotton  thread  u«ed  to  start  the  Ignition  must  also  be  aublraeted.  If  iron  wire  ol  appropr 

UKi^,  1  Seals,  per  mgrm.  are  reckoned.  We  will  give  an  eianiple.  The  general  formula  for  calcutatlnK  the 

>w,-r  fis:   C  =  <I' +  /)("+  K) -OaSn- 1-8/.  where  Tb  Ihe  dilTerenceoltemp.™turcobsmeJ 

he  point  ol  Ignition  and  the  matlnium ;  1  h  the  temperature  to  be  added  to  T  on  account  ol  the  loes  ot 

dlation  :  a  l>  theirclght  of  water  which  surroundii  the  bomb  ;  £  Is  the  icnKr  ef  uii»/nil  of  the  appantiu 

directly  determined  by  repmtcd  te>t>  with  a  chemlcaUy  pure  substance  ot  known  compoeilion  and  ol  « 

heorellcal  cilohSc  power  Is  known,  since  the  multing  heat  la  less  than  that  found  by  Ihe  geneni  (o 

hich  E  dot*  not  occur  by  an  amount  which  represenU  the  value  of  E.     The  heat  ol  combusliou  of  1 

ure  naphthalene  is  theoretically  M93  cols.,  of  ccUulose  (pure  cotton)  4140  cals..  ol  Miccharine  3(tli6 

A.»   ,,n,.^^_..         .         . 

!!  SI 

(Ignition) 

.      17-78 
.       18-42 
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In  the  analysis  of  combustibles,  and  eepecially  of  coal,  we  must  also  take  into  acoonnt 
the  other  components  which  may  influence  its  value  ;  the  moisture  is  determined  by  the 
loss  in  weight  of  2  grms.  of  coal  on  heating  for  two  hours  at  105^  ;  ash  is  determined 
by  burning  2  grms.  of  coal  in  a  platinum  capsule  over  a  direct  flame  or  in  a  muffle,  and  should 
not  exceed  5  per  cent,  in  coal  of  good  quality  (Cardiff  la) ;  in  general  the  calorific  power 
diminishes  with  increase  of  the  ash — coal  of  poor  quality  sometimes  contains  12  to  14  per 
cent.  The  volatile  matter  (nitrogen,  hydrogen,  and  hydrocarbons)  is  found  by  the  diminu- 
tion in  weight  of  1  grm.  of  coal  heated  for  about  two  minutes  in  a  crucible  which  is  not 
hermetically  closed  by  a  cover,  over  a  gas  flame,  the  point  of  which  just  reaches  the  bottom  of 
the  crucible,  until  the  flame  of  the  ignited  gas  which  escapes  from  the  crevices  left  by  the 
lid  ceases.  From  the  diminution  of  weight  the  moisture  must  be  subtracted.  Coals 
contain  quantities  of  volatile  matter  varying  from  15  to  40  per  cent.,  and  of  these  the 
hydrogen  is  important  because  1  grm.  of  hydrogen  develops  34,200  cals.  (143  Kj.) 
on  burning,  and  the  hydrocarbons  are  also  important  because  on  the  average  they  develop 
50  Kj.  on  burning.  Deducting  from  the  weight  of  the  coal  the  volatile  products,  including 
the  moisture,  we  find  the  percentage  of  coke.  Sulphur  in  its  various  forms  (as  iron  sulphide 
and  organic  sulphur)  is  harmful  because  on  burning  it  produces  SO2,  which  attacks  the 
boiler-plates.  The  total  snlphiu:  is  obtained  by  heating  1  grm.  of  coal  for  an  hour  in  a 
platinum  crucible  with  a  mixture  of  calcined  magnesia  (2  parts)  and  calcined  sodium 
carbonate,  free  from  sulphur  (1  part) ;  the  mass  is  treated  with  water  and  heated  with 
a  little  bromine  water  in  order  to  oxidise  the  sulphite  and  obtain  all  the  sulphur  in  the 
form  of  sulphate.  It  is  then  filtered,  acidified  with  HCl,  and  the  sulphate  precipitated 
with  barium  chloride.  The  barium  sulphate  so  formed  is  weighed  and  from  this  weight 
the  total  sulphur  is  deduced.  Good  coal  should  not  contain  more  than  1  per  cent,  of 
sulphur  at  most. 

Knowing  the  calorific  power  of  a  fuel,  it  is  easy  to  determine  the  quantity 
of  water  which  this  can  evaporate  in  a  steam  boiler,  knowing  that  100 
Calories  (418  Kj.)  are  required  to  heat  1  kilo  of  water  from  0°  to  100°,  and 
that  a  further 536  Calories  (2242  Kj.)  are  required  to  transform  1  kilo  of  water 
at  100°  into  1  kilo  of  steam  at  100°. 

Fuels  give  their  maximum  yield  of  heat  when  combustion  is  complete 
and  the  carb6n  is  completely  transformed  into  CO2  (1  grm.  of  carbon  thus 
producing  33-8  Kj.  =  8080  cals.).  If,  on  the  other  hand,  insufficient 
oxygen  or  air  is  present  for  complete  combustion,  then  carbon  monoxide  (CO) 
will  be  formed  instead  of  COg,  and  in  this  way  less  heat  is  developed  (10-25  Kj.  = 
2449  cals.),  and  the  CO  is  lost  as  it  passes  o&  with  the  chimney  gases,  whilst 
if  sufficient  oxygen  were  there  to  bum  it  a  further  23*5  Kj.  (5631  cals.) 
would  be  produced  for  each  gramme  of  carbon  which  it  contained.  On  the 
other  hand,  on  practically  using  coal  as  a  combustible  there  should  be  no  excess 
of  air  in  the  furnace  grate  because  this  excess'  passes  oflf  unaltered  through 
the  chimney  at  a  temperature  of  more  than  300°  and  heat  is  thus  uselessly 
conveyed  into  the  atmosphere.  Practical  control  of  the  proper  combustion  of 
the  coal  is  effected  by  analysing  the  chimney  gases.  If  carbon  monoxide  is 
present  this  is  a  sign  that  the  draught  is  too  weak  and  that  the  quantity  of  air 
which  entei*s  the  grate  is  insufficient,  whilst  in  absence  of  carbon  monoxide 

and  for  each  minute  from  6  to  7  and  7  to  8  before  the  maximum  It  will  have  a  mean  of  0-010,  tliat  is,  2  x  0*010 
for  these  two  minutes,  so  that  the  complete  correction  t  will  be  (2  x  0-010)  +  0-003  -  0002  =»  0*021.  On 
introducing  aU  these  values  into  the  general  formula  we  have : 

C  =  (2-820  +  0021)  (1000  +  420)  -  (0-23  X  86)  -  (1-6  X  48) 

C  =  4034-22  -  19-78  -  76-80  =  3937-6  cals.  (the  theoretical  'value  bemg  3866). 

In  the  ease  of  coal  we  must  take  into  account  the  fact  that  the  water  formed  in  the  calorimeter  is,  as  in  the 
above  case,  converted  into  liquid  water,  whilst  during  combustion  under  boilers  the  heat  of  oondensatlon  of  the 
steam  into  liquid  water  is  not  comprised  in  the  heat  wliich  is  utilised.  In  ordinary  cal6rimetric  determinations 
the  heat  of  combustion  is  given  for  the  case  in  which  the  water  is  liquefied,  but  if  we  wish  to  give  the  effectire 
calorific  power  we  must  deduct  the  heat  of  condensation  of  the  water  which  is  liquefied  in  the  calorimeter,  and 
this  may  be  roughly  weighed  or,  better  still.  If  the  calorimeter  is  arranged  with  a  delivery  tube,  the  water  may  be 
evaporated  In  a  current  of  dry  air  by  immersing  the  calorimeter  In  a  bath  of  boiling  water,  and  the  water  vapour 
absorbed  by  a  weighed  calcium-chloride  tube.  In  general  for  1  grm.  of  coal  the  heat  of  condensation  of  the  water 
vapour  will  he  about  150  to  160  cals. 
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the  combtistion  is  well  r^ulated.     If,  however,  the  excess  of  free  oxygen  and 
air  exceeds  the  ordinary  limits,  the  above-mentioned  disadvantages  occur. 

The  gases  to  be  analysed  are  aspirated  through  a  tiibo  which  i.s  applied  through  an 
air-tight  bole  in  the  flue,  by  means  of  a  gutta-percha  valve.  B,  Into  the  Oraat  apparatus, 
and  pass  into  tho  graduated  burett*,  ^1,  which  may  be  emptied  or  filled  by  raising  or  lowering 
the  bottle  of  wat«r,  C,  which  com  muni  cati-s  with  it.  The  universal  coek,  E,  is  suitably 
lumed,  and  the  reservoir,  C,  raised  or  lowered  in  sueh  a  way  that  thu  gas  is  tirst  poswtd 
into  a  vessel  at  the  side  containin;];  a  concentrated  (3 
hydroxide,  which  is  subdivided  by  small  tubes  of  glas 
contact,  and  all  the  CO^  is  thus  absorbed  ; 
the  gas  is  then  returned  to  A  and  its  volume 
measured,  the  volume  of  absorbed  COj  being 
given  by  the  difference.  The  remaining 
gas  is  then  made  to  enter  another  vessel 
containing  an  alkaline  solution  of  pyrogalljc 
acid  (1  vol.  of  a  26  per  cent,  aqueous  solution 
of  pyrogallic  acid  and  0  to  6  vols,  of  a  con- 
c«ntrat«d  solution  of  potassium  hydroxide) 
or  yellow  phosphorus,  which  completely 
absorbs  the  oiygen.  The  remaining  gas  is 
again  measured  in  the  burette,  A.  The  gas 
is  finally  passed  into  a  third  vessel  contain- 
ing an  ammoniacal  solution  of  cuprous 
chloride  which  absorbs  the  carbon  monoxide, 
and  thus  the  volume  of  nitrogen  only  finally 
remains.  The  cuprous  chloride  solution  is 
obtained  by  dissolving  100  grms.  of  fresh 
cuprous  chloride  in  a  solution  of  ammonium 
chloride  (1  part  to  3  of  water)  and  adding 
one-third  of  its  volume  of  ammonia  of  sp.  gr. 
0-910  ;  it  is  kept  in  closed  bottles  contaiiking 
copper  turnings.  The  gas  is  mode  to  enter 
and  leave  the  graduated  tube  by  lowering  or 
raising  the  water  reservoir,  C. 

In  this  way  the  composition  of  furnace 
gases  is  eaady  determined  in  a  very  few 
minutes. 

Tliere  are  now  also  forms   ot   apparatus 
which   automatically   register   the   composition   of   chimney  j 
density  of  these. 

SILICON :  Si,  28.3 

This  element  was  prepared  free  in  the  amorphous  state  by  Berzelius  in  1823, 
by  heating  potassium  fluosilicate  with  metallic  potassium  : 

SiF^Kj  -1-  4K  =  6FK  +  Si. 
Saint-Claire  Deville  obtained  it  in  the  crystalline  condition  by  heating  sodium 
HuosiUcate  with  aluminium  or  with  sodium  and  zitic  ;  on  heating  powdered 
SiO,  with  magnesium  powder  and  then  diasolving  the  excess  of  Mg  with  acid, 
silicon  is  obtained  as  a  light  brown  powder  which  is  inflammable  in  the  air. 
It  is  to-day  prepared  in  considerable  quantity  in  the  electric  furnace  by  reducing 
quartz  with  wood  charcoal  with  addition  of  CaO  and  Mn304 ;  the  crude  silicon 
which  results  is  purified  with  HCl  and  HF  and  contains  90  to  91  per  cent,  of 
Si,  6  to  7  per  cent,  of  Fe,  OOS  per  cent,  of  Mn,  about  2  per  cent,  of  Al,  0-02  per 
cent,  of  P,  and  about  0-2  per  cent,  of  carbon  ;  the  material  so  obtained  is 
utilised  in  metallurgy  to  obtain  iron  which  is  hard  and  resistant  to  acids  (ferro- 
silicon),  ftc.     The  crystals  obtained  bj' this  proeeMsare  lu-tous,  black  and  bard, 
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and  form  ootahedra.  They  are  separated  from  the  fused  zino  in  which  thefy 
are  imbedded  by  dissolving  the  metal  in  HCl. 

Silicon  is  one  of  the  most  abundant  elements  in  nature,  and  in  combination 
with  oxygen  forms  silica  (silicic  anhydride)  Si02,  as  quartz,  amethj'st,  agate, 
opal,  various  sands,  &c.  In  the  form  of  silicates  it  is  the  principal  constituent 
of  the  more  important  rocks,  especially  of  the  primitive  rocks. 

Silicon  does  not  exist  free  in  nature  ^  and  is  obtained  by  heating  silicon 
fluoride  with  sodium  :  SiF4  +  4Na  =  4FNa  +  Si ;  sodium  fluoride  is  soluble 
in  water  and  silicon  results  as  a  greyish-brown  amorphous  insoluble  powder. 
According  to  Winkler  it  may  be  obtained  pure  by  heating  powdered  quartz  with 
magnesium  powder  :    SiOg  +  2Mg  =  2MgO  +  Si. 

Fre3  silicon  formed  by  the  reduction  of  sihca  by  carbon  is  often  found  in 
cast  iron  from  the  blast  furnaces.  Amorphous  silicon  is  only  soluble  in  HF 
with  evolution  of  H,  or  in  alkalis.  It  does  not  conduct  electricity,  and  forms 
SiOg  when  burnt  in  the  air.  Crjrstallised  silicon  is,  on  the  other  hand,  a  good 
conductor  of  electricity  and  is  harder  than  glass.  Its  specific  gravity  is  2-49  ; 
it  does  not  dissolve  in  any  one  acid,  but  only  in  a  mixture  of  HNO3  and  HF, 
and  does  not  oxidise,  even  on  heating  to  redness  in  an  atmosphere  of  oxygen. 
On  boib'ng  it  with  a  solution  of  sodium  hydroxide  it  is  dissolved  with  development 
of  hydrogen,  forming  sodium  silicate  :   Si  +  4NaOH  =  Si04Na4  +  2H2. 

After  being  heated  to  high  temperatures  amorphous  silicon  behaves  in. 
the  same  manner  as  crystallised  silicon,  perhaps  because  it  partially  melts 
and  becomes  crystalline.  When  burnt  in  an  atmosphere  of  dry  chlorine, 
silicon  forms  siUcon  chloride,  SiCl4  ;  if  the  chlorine  is  moist  a  portion  of*  it  is 
converted  into  SiOg ;  with  gaseous  HCl  at  high  temperatures  it  also  forms 
SiCl4,  but  some  sihco-chloroform,  SiHClj,  is  formed  at  the  same  time.  It 
combines  with  fluorine  even  in  the  cold,  and  even  with  nitrogen  at  high  tem- 
peratures. In  the  electric  furnace  it  combines  with  various  qietals  forming 
silicides, 

CARBON  COMPOUNDS 

At  the  ordinary  temperature  carbon  is  one  of  the  chemically  more'  indifferent 
elements,  and  in  the  cold  it  combines  with  fluorine  onlv.  It  does  not  combine 
with  the  other  halogens,  even  on  heating.  At  high  temperatures,  however, 
when  the  carbon  molecules  are  less  complex,  it  combines  with  various  elements, 
and  at  the  temperature  of  the  electric  arc  it  unites  directly  with  hydrogen 
forming  acetylene,  CgHj.  In  the  electric  furnace  it  unites  with  silicon  at  1400° 
and  forms  carborundum  CSi  {see  below),  and  it  also  combines  at  this  temperature 
with  various  metals  (Ca,  Ba,  Mg,  &c.),  fonning  numerous  carbides.  With 
oxygen  it  forms  two  oxides,  CO  and  COg,  on  heating,  and  with  sulphur  vapour  it 
forms  carbon  disulphide,  CSg.  When  combined,  especially  with  hydrogen, 
carbon  acquires  a  very  great  capacity  for  reaction,  and  then  forms  thousands 
of  compounds,  the  study  of  which  is  the  sphere  of  organic  chemistry. 

The  number  of  compounds  which  carbon  can  form  is  theoretically  infinite,  because  the 
tetravalent  carbon  atom  has  the  property  of  saturating  one,  two,  or  three  of  its  valencies 
with  other  carbon  atoms,  forming  more  or  less  long  chains  of  atoms,  up  to  twenty  and  thirty 
atoms  long,  in  direct,  branching,  or  closed  chains  ;  all  the  valencies  which  remain 
free  are  saturated  by  hydrogen  or  by  elements  of  other  groups,  as  is  explained  at  length 
in  the  second  volume  of  this  work  ("  Organic  Chemistry  ''). 

NATURE  OF  FLAME.  Flame  is  formed  by  a  jet  of  combustible  gas  (lighting  gas 
contains  hydrocarbons,  especially  methane,  CH4,  hydrogen,  CO,  &c.),  which,  on  heating 
in  contact  with  the  oxygen  of  the  air,  bums  and  becomes  incandescent,  emitting  hght 

*  It  haR  been  calculated  that  one-quarter  of  the  weight  of  the  earth's  crunt  is  formed  of  Bilicon,  whilst  oxygen 
forms  50  jier  ceitt.  of  the  weight  of  our  terraqueous  globe,  iDcluding  the  atmosphere.  The  other  elements  are  much 
lees  abundant ;  thus  it  is  calculated  that  iron  forms  5  per  cent,  of  the  weight  of  the  earth  and  carbon  only  0*2 
per  cent. 
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and  heat  formed  by  the  chemical  reEtotion  between  the  hot  gsaea  which  form  the  oombaatible, 
a,atl  the  oxygen  of  the  air  which  actA  as  a,  supporter  of  combustion.  The  hydrogen  is 
transformed  into  water  und  tlie  carbon  into  COj. 

A  flame  becomes  luminous  when  certain  hydrocarbons  contaiuing  much  carbon  decom- 
pose with  liberation  of  carbon  particles  through  insufficiency  of  osygen  :  these  particles 
become  incandescent  and  very  luminous.  Thus,  on  heating,  ethylene  readily  separates 
carbon  :  CjH4  -  CH4  +  C,  and  bo  does  acetylene  :  2C,Hi  =  CH,  +  30.  In  Bunsen 
burners,  such  as  are  used  in  laboratories,  a  luminous  or  colourless  flame  may  be  obtained 
at  will  by  allowing  more  or  less  air  to  enter  the  tube  which  carries  the  gases  to  the  flame. 

A  flame  may  be  oxidising  or  reducing  according  to  the  excess  or  deficiency  of  air  or 
oxygen  which  la  mixed  nith  the  gas  during  combustion,  and  this  property  of  flames  ia  of 
great  practical  importance  through  the  application  which  is  made  of  it  in  various  industries, 
in  which  cither  an  oxidising  or  a  reducing  flamo  may  bo  required  according  to  the  circum- 
stances. In  the  colourless  flame  of  the  Bunsen  burner  the  internal  nucleus  of  the  flamo, 
where  the  gas  is  abundant  and  there  is  a  deficiency  of  a\r.  ha')  a  reducin);  action,  whilst  the 
external  portion,  and  especially  the  point  of  the  flinii-,  is  of  an  ox:dising  character.     We 
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have  also  seen  that,  under  different  ciicu instances,. many  combustible  substances  mayalao 
act  as  Bupportcri  of  combustion,  for  example,  hydrogen,  chlorine,  ammonia.  &c. 

If  a  jet  of  lighting  gas  is  projected  on  to  a  metallic  gauze  (Fig.  157)  the  gas  may  bo 
lit  above  the  gauze  when  the  flame  will  not  pass  through  it.  Thus  a  flame  may  hv.  isolated 
by  means  of  a  piece  of  metallic  gauze  from  the  gas  supplj'  by  which  it  is  fed,  because  the 
gauze  is  such  a  good  conductor  of  heat  that  the  heat  produced  by  contact  with  the  flamo  ia 
rapidly  dispersed  to  every  side,  and  thus  the  temperature  of  the  gauze  is  maintained  below 
that  which  is  necessary  to  ignite  the  inflammable  gas  on  the  other  side  of  it. 

This  property  was  utilised  by  Davy  in  his  miners'  safety  lamp  (Fig.  158).  which  consists 
of  a  simple  oil-lamp  the  flame  of  which  ia  completely  surrounded  by  a  metallic  net.  It 
this  lighted  lamp  is  introduced  into  an  atmosphere  full  of  inflammable  gas.  this  gas  pene- 
trates to  the  interior  of  tho  metallic  gauzo  and  is  ignited,  but  the  flame  cannot  communicate 
with  the  outside.  Theae  lamps  are,  therefore,  employed  by  miners,  because  when  explosive 
gosea  are  formed  in  the  mine,  the  lamps  may  be  UM'd  for  illumination  wHthout  the  risk  of 
eiplodon. 

Flames  of  oil,  candles,  paraffin,  and  alcohol  are  extinguished  in  air  containing 
15  per  cent,  of  carbon  dio.iide,  whilst  a  gas  flame  resists  amounts  of  carbon 
dioxide  up  to  3.")  per  cent.,  and  a  hydrogen  flame  will  bum  in  an  atmosphere 
containing  58  per  cent,  of  COj,  that  is,  in  only  S-S  per  cent,  of  oxygen.  This 
fact  may  also  be  utilised  in  the  construction  of  miners'  safety  lamps  by  causing 
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a  hydrogen  flame  to  bum  in  them  simultaneously  with  the  oil  flame.  When 
the  oil  flame  is  extinguished  it  is  a  sign  of  danger  to  the  miner,  because  in  15  per 
cent,  of  CO2  he  would  quickly  be  suffocated.  When  the  miner  in  returning 
arrives  at  a  point  where  the  air  is  pure,  the  hydrogen  which  had  continued  to 
bum  again  lights  the  oil  flame. 

The  temperature  of  a  flame  in  general  is  lower  than  that  deduced  from  theoretical 

calculations.     Thus,  in  the  hydrogen  flame  burning  in  oxygen,  the  temperature  is  calculated 

as  follows :   A  gaseous  mixture  formed  from  16  grms.  of  oxygen  and  2  grms.  of  hydrogen 

develops  68,400  cals.  on  biuming  and  forms  18  grms.  of  water  vapour,  and  since  the 

specific  heat  at  constant  pressure  of  water  vapour  is  0-48,  then  for  a  rise  of  temperature 

of   1°  of  1  grm.  of  water  vapour,  0-48  cal.  is  required,  so  that  68,400  cals.  should  heat 

68,400 

18  grms.  of  water  vapour  to  a  temperature  of  — r-r^  =  7909°  ;  in  practice,  however, 

lo    X  U*4o 

exact  measurement  shows  that  the  actual  temperature  of  the  oxy-hydrogen  flame  is  little 
more  than  2600°. 

This  abnormality  is  explained  by  the  fact  that  the  specific  heat  of  water  vapour  at  very 
high  temperatiures  increases,  but  more  especially  because  towards  1300°  the  water  vapour 
which  is  formed  commences  to  dissociate  into  its  components  H^  and  O,  and  then  absorbs 
as  much  heat  as  is  developed  during  its  formation,  so  that  the  temperature  of  the  flame 
cannot  rise  to  7909°  as  was  calculated  theoretically.  When  carbon  bums  vigorously  in 
air,  a  temperature  of  about  1709°  is  reached,  but  when  it  burns  in  an  atmosphere  of  oxygen, 
the  temperature  is  much  higher.  The  temperature  of  the  electric  arc  as  measured  directly 
with  pyrometers  is  3690°  to  3720°. 

The  halogen  compounds  of  carbon  are  very  numerous  and  are  ordinarily 
studied  together  with  organic  chemistry. 

CARBON  TETRACHLORIDE:  CCI4 

This  compound  is  a  colourless  liquid  of  similar  odour  to  chloroform,  has  a 
specific  gravity  of  1-629,  boils  at  77"",  and  solidifies  in  crystals  at  —  24°  ;  its 
specific  heat  is  0-2  and  its  heat  of  evaporation  is  51  cals.  (per  100  litres 
9800  Cals.  as  for  benzine).  It  dissolves  paraffin  and  various  resins  (but  not 
copal),  especially  in  presence  of  10  to  20  per  cent,  of  alcohol ;  it  is  an  excellent 
solvent  for  fats,  even  if  the  substance  is  slightly  moist,  in  which  case  the  fat 
would  not  be  extracted  by  benzine,  and  it  has  the  advantage  of  not  being 
inflammable  ;  when  it  is  mixed  with  10  to  20  per  cent,  of  alcohol  it  is  also  a 
good  solvent  for  resins  ;  when  mixed  with  sulphoricinoleic  acid  it  dissolves  in 
water. 

It  is  prepared  by  passing  dry  chlorine  through  carbon  disulphide  (CS^) 
which  contains  a  little  iodine  in  solution  (or  in  which  a  catalyst  formed  of 
asbestos  impregnated  with  MgClg  is  suspended) ;  this  facilitates  the  chlorina- 
tion :  CS2  +  6C1  =  CCI4  +  SgCl^. 

On  distillation  CCI4  passes  over,  and  sulphur  chloride,  SgCl^,  remains  as  a 
residue. 

In  presence  of  a  little  powdered  iron  SgClj  is  also  transformed  into  CCI4  ; 
thus  CS2  +  2S2CI2  =  CCI4  +  68,  and  this  latter  is  i*e-utilised  for  the  prepara- 
tion of  CSg. 

The  tetrachloride  is  purified  by  washing  it  with  a  solution  of  sodium 
hydroxide  and  by  then  rectifying  it  by  distillation  over  a  solution  of  calcium 
hypochlorite,  containing  6  per  cent,  of  CI. 

It  has  been  found  that  CCI4  attacks  the  metals,  especially  in  presence  of 
water,  through  formation  of  HCl,  and  its  high  price  prevented  it  from  being 
used  industrially  on  a  large  scale  in  the  past  as  a  solvent  to  replace  benzine,  &c. 
It  is  to-day,  however,  placed  on  the  market  in  the  pure  state  at  a  price  of  £24 
to  £26  per  ton,  and  under  these  circumstances  it  is  already  used  for  degreasing 
wool,  fabrics,  linen  cloth,  oil-bearing  seeds,  bone,  &c.,  but  lead-lined  or  tinned 
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apparatus  with  nickel-plated  cocks  and  valves  has  to  be  used.  The  vapours 
of  CCI4  are  not  more  narcotic  than  those  of  benzine. 

CCI4  also  renders  other  solvents  almost  uninflammable  when  it  is  added  to 
them  in  the  proportion  of  60  to  80  per  cent.  During  the  last  few  years  the 
manufacture  of  chlorinated  derivatives  of  acetylene  (chlorides  of  ethylene 
and  ethane :  CjHjClg,  dieline ;  CgHClj,  trieline ;  CgHClg,  pentaUne ;  &c.)  has 
been  started  in  the  Usines  61ectriques  de  la  Lonza  at  Geneva  ;  these  products 
are  non-inflammable  liquids  which  do  not  attack  metals. 

In  Italy  in  1907  50  tons  of  carbon  tetrachloride  were  produced  at  £24 
per  ton,  and  although  it  has  not  yet  been  widely  used  industrially  on  account 
of  its  high  price  and  of  the  fact  that  it  corrodes  the  metals,  lead-lined  and 
tinned  vessels  resist  it  sufficiently  well,  and  nickel  resists  even  moist  CCI4 
excellently.    In  1908  the  production  dropped  to  8  tons. 

CARBON  DIOXIDE  :   CO,  (CARBONIC  ANHYDRIDE) 

This  gas  is  also  incorrectly  called  carbonic  acid.  It  is  a  gas  which  is  always 
foimd  in  the  free  state  in  the  atmosphere  in  the  proportion  of  4  litres  per 
10,000  litres  of  air.  Expired  air  (the  product  of  animal  respiration)  contains 
4  or  5  per  cent. ;  thus  the  air  of  rooms  or  of  places  in  which  many  people  con- 
gregate rapidly  becomes  unsuitable  for  respiration  through  the  diminution  of 
the  oxygen  and  increase  of  CO2  ;  for  a  man  breathes  in  about  700  grms.  of 
oxygen  daily  and  expires  about  900  grms.  of  COg  in  the  same  period.  Natural 
sources  of  carbon  dioxide  are  found  in  volcanic  neighbourhoods  ;  at  Bohl 
in  the  Rhine  Province  300  kilos  of  carbgn  dioxide  are  evolved  daily  ;  large 
quantities  of  CO^  are  f  oimd  at  Pyrmont ;  in  the  Grotto  of  Dogs  at  Pozzuoli  near 
Naples,  the  gas  of  which  contains  61  to  71  per  cent,  of  COa,  about  6  per  cent  of 
oxygen  and  25  per  cent,  of  nitrogen ;  in  the  province  of  Arezzo  there  is  an 
abundant  source  of  CO2  which  is  utilised  industrially  by  the  firm  of  Cesare 
Pegna  and  Sons  of  Florence.  It  is  found  in  all  active  volcanoes,  especially  in 
those  of  South  America  ;  at  Sondra  in  Thuringia  there  is  a  spring  which  yields 
1000  cu.  metres  of  pure  CO2  of  99  per  cent,  per  hour.  If  the  carbon  dioxide 
in  the  earth's  crust  is  present  under  pressure  in  contact  with  water  the  latter 
absorbs  very  large  quantities  and  rises  in  the  form  of  mineral  springs  as  acidu- 
lated mineral  water.  This  water  often  dissolves  iron  during  its  course  and 
becomes  ferruginous.  In  the  form  of  calcium  and  magnesium  carbonate 
carbon  dioxide  forms  entire  mountain  ranges. 

On  burning  carbon,  coal,  or  organic  substances  in  general  completely, 
in  presence  of  a  sufficient  quantity  of  air,  COj  is  always  formed.  On  heating 
calcium  or  magnesium  carbonate  to  redness  CO2  is  formed  abundantly  : 
COgCa  =  CaO  +  CO2,  whilst  the  alkaline  carbonates  are  not  decomposed  by 
such  treatment.  On  treating  carbonates  with  dilute  hydrochloric  acid,  the 
whole  of  the  CO2  which  they  contain  is  evolved  : 

CaCOa  +  2HC1  =  CaCl2  +  HgO  +  COj. 

In  the  laboratory  a  regular  supply  of  carbon  dioxide  is  obtained  by  the 
action  of  dilute  hydrochloric  acid  on  lumps  of  marble,  the  same  apparatus  being 
used  as  for  hydrogen  {see  p^  131). 

Carbon  dioxide  is  formed  abundantly  in  all  fermentation  processes,  especially 
in  those  of  sugar  solutions,  such  as  grape  juice,  in  brewing,  &c.,  and  is  utilised 
industriaUy  (see  vol.  ii,  *'  Organic  Chemistry  "). 

PROPERTIES.  Carbon  dioxide  is  a  colourless  gas  with  an  acid  smell 
and  taste.  Its  specific  gravity  is  1-524  (air  =  1)  and  1  litre  at  0°  weighs 
1*965  grms.  ;  being  so  heavy  it  may  be  collected  by  displacement  in  air  and  may 
be  poured  from  one  vessel  to  another  just  as  though  it  were  a  liquid. 
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A  very  striking  demonBtration  of  the  great  density  of  COi  may  be  based  on  the  different 
vclocitJeB  ol  diffusion  of  gases  differing  greatly  in  the  size  of  their  molecules  {p.  39).  For 
this  purpose  the  Ansell  apparatus  with  an  electric  bell  may  be  used,  and  is  also  used  as 
an  automatie  indicator  in  mines,  cellars,  and  in  all  cases  in  which  the  air  may  become  niixcd 
with  a  heavier  or  lighter  gaa.  In  Fig.  IAS  one  form  which  AnseH's  apparatus  may  take  is 
Bhown.  A  glass  funnel  with  a  long  neck  bent  into  a  U-tube  Is  filled  with  mercury  up  to 
the  level,  d  ;  the  funnel  is  closed  by  a  porous  disc  of  plaster  or  unglazed  earthenware.  The 
tube,  6,  is  closed  by  a  cork  stopper  which  carries  an  iron  or  platinum  wire  which  does  not 
dip  into  the  mercury  and  is  connected  to  one  of  the  poles  of  a  battery  which  is  connected 
with  an  electric  bell  ;  into  the  U-tube  a  platinum  wire  is  scaled  at  d  and  communicate* 
with  tbosamepoleof  the  battery,  whilst  another  wire  sealed  into  the  U-tube  at  cis  connected 
with  the  electric  bell.  Air  is  present  in  the  funnel,  a,  and  when  this  is  surrounded  outnitle 
by  an  atmosphere  containing  CO^,  the  mercury  rises  in  the  tube  and  it  comes  into  cotitact 
with  the  platinum  wire  in  d,  and  then  the  current  passes  and  the  bell  rings.  By  regulating 
the  height  of  the  mercury  or  of  the  metallic  contact,  the  apparatus  may  be  arranged  to 
ring  with  any  definite  percentage  of  COf.  If,  on  the  other  hand,  the  funnel  is  surrounded 
by  an  atmosphere  of  a  gas  lighter  than  air,  such  as  lighting  gas,  hydrogen,  firedamp,  &t:, 
the  mercury  is  forced  down  and  rises  in  the  other  limb  of  the  tube  until  it  comes  ~ 
with  the  platinum  point,  6  ;  contact  is  then  again  made  and  the  bell  rings. 


-  [  The  critical  temperature  of  COj  gas  is  30-9°  (critical  pressure  77  atmospheres) 
and  above  this  temperature  it  cannot  be  liquefied  whatever  the  pressure  may  be. 
When  liquefied  it  boils  at  —  78-2°,  with  such  great  absorption  of  heat  that  the 
remaining  CO,  solidifies.  Solid  carbon  dioxide  forms  a  white  ma^a  like  snow 
which  melts  at  —  57°  under  a  preaaure  of  5  atmospheres,  whilst  if  the  pressure 
ia  less  it  gasifies  without  melting,  because  at  ordinary  pressures  the  boiling- 
point  is  lower  than  the  melting-point. 

These  remarks  also  hold  for  all  substances  which  have  a  vapour  tension 
superior  to  the  atmospheric  pressure  at  their  nielting-pointa.  Thus,  the 
vapour  tension  of  melting  and  liquid  COf  is  3'5  atmospheres,  ailtl  if  the 
pressure  is  less  than  Uiis,  then  it  passes  from  the  solid  directly  into  the  gaseous 
state  (sublimes)  as  may  be  verified  in  the  case  of  AsjOg,  of  caJomel,  HgC'l,  and 
camphor,  which  can  only  be  obtained  liquid  bj'  melting  them  in  sealed  tul>e,s 
under  pressure.  On  the  other  hand,  solid  bodies  which  liquefy  at  the  ordinary- 
pressure,  such  as  iodine,  mercury  chloride,  &c.,  may  be  sublimed  directly  if 
at  the  melting-point  the  pressure  is  diminished  below  that  of  an  atmosphere. 
Camelley  called  the  temperature  at  which  solid  bodies  are  no  longer  able  to  be 
liquefied,  but  pass  directly  into  the  gaseous  state,  the  critical  pressure  of  solid 
bodies.  For  ice  the  critical  pressure  is  4-6  mm.,  and  for  all  other  substances 
it  indicates  the  vapour  tension  at  the  melting-point. 

Faraday  already  liquefied  CU|  in  1823.     The  experiment  was  repeated  by 
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Thilorier  in  1834,  and  still  later  Natterer  obtained  it  easily  and  in  abundance 
with  special  apparatus  at  high  pressures.  In  order  to  liquefy  it  at  the  ordinary 
temperature  of  20°,  a  pressure  of  50  atmospheres  is  required.  It  then  forms 
a  colourless,  very  mobile  liquid  which  has  a  specific  gravity  of  0*726  at  22®, 
and  of  0*91  at  —  1-6°  ;  it  has  thus  a  much  greater  coefficient  of  dilatation 
than  the  gas,  and  this  is  also  true  for  all  substances  which  are  liquefied  under 
strong  pressure.  On  mixing  solid  carbon  dioxide  with  a  little  ether  a  paste 
is  formed  which  produces  a  cooling  down  to  —140°  at  reduced  pressure. 

One  volume  of  water  at  14°  dissolves  an  equal  volume  of  COj  ;  at  2  atmo- 
spheres pressure  it  dissolves  2  vols.,  at  3  atmospheres  3  vols.,  and  also  at 
greater  pressures  CO2  gas  exactly  follows  Henry's  law ;  on  diminishing  the 
pressure  the  gas  is  again  evolved. 

Carbon  dioxide  does  not  bum  because  it  is  itself  the  product  of  the  complete 
combustion  of  carbon,  and  on  account  of  its  great  stability  it  does  not  maintain 
combustion  or  animal  respiration.  Its  molecule  is  not  dissociated  even  when 
heated  to  2000°.  Magnesium,  however,  when  heated  to  redness  continues 
to  bum  in  an  atmosphere  of  CO2,  because  its  chemical  energy  is  so  great  that 
it  is  able  to  abstract  the  oxygen,  with  separation  of  carbon  :  COj  +  Mgg  = 
2MgO  +  C ;  potassium,  sodium,  and  aluminium  are  also  able  to  extract  two 
atoms  of  oxygen  from  COj  on  heating,  with  separation  of  carbon ;  other 
metals,  and  carbon  itself,  reduce  it  at  a  red  heat,  removing  one  atom  of  oxygen, 
and  forming  carbon  monoxide  i 

CO2  +  Zn  =  ZnO  +  CO  and  COg  +  C  =  2C0. 

Chlorophyll,  which  is  present  in  plants,  reduces  the  atmospheric  carbon 
dioxide  under  the  influence  of  solar  radiation  and  produces  more  or  less  complex 
carbohydrates  which  are  utilised  in  the  growth  of  the  plant,  oxygen  being  simul- 
taneously liberated.  But  vegetable  cells  also  continuously  absorb  small 
quantities  of  oxygen  with  formation  of  COg.  At  a  temperature  of  over  1300° 
CO2  is  partly  decomposed  by  repeated  electric  discharges  into  CO  and  O, 
but  only  a  certain  limited  amount  of  the  gas  is  decomposed  because  the  CO 
recombines  with  oxygen  to  form  CO2. 

On  burning  carbon  in  a  given  volume  of  oxygen  CO2  is  formed  without 
increase  of  volume,  and  this  partly  shows  the  composition  of  carbon  dioxide  : 
C  (solid)  +    1  vol.  O2  =  1  vol.  CO2. 

The  composition  of  CO2  may  also  be  shown  by  burning  a  given  weight  of 
pure  carbon  (diamond  or  graphite)  in  a  current  of  oxygen  and  weighing  the  COj 
which  is  formed,  after  absorbing  it  in  a  weighed  solution  of  sodium  hydroxide. 

The  heat  of  formation  of  CO2  starting  from  carbon  is :  C  -f  O2  = 
COj  +  406  Kj.  (97,000  cals.)  per  12  grms.  of  carbon  or  44  grms,  of  COg. 

Dry  CO2  does  not  react  with  litmus  paper,  whilst  when  moist  or  in  solution 
it  show«  weakly  acid  reaction,  although  when  the  paper  is  dried  the  red  colour 
disappears.     Solid  carbon  dioxide  does  not  react  with  litmus  paper. 

In  aqueous  solution  CO2  probably  forms  the  corresponding  carbonic  acid : 

— OH 
CO2  +  HgO  =  C  :  0,^TT  which,  however,  has  not  been  obtained  free,  and 

appears  to  be  only  stable  at  0°  under  a  pressure  of  more  than  12  atmospheres 

(Wroblewscky)  ;    when    liberated   from    its   numerous  salts    it    immediately 

decomposes  into  HjO  and  CO2. 

It  is  a  weakly  dibasic  acid  which  forms  secondary  salts  (disubstituted  salts, 

carbonates)  with  strong  bases  ;    these  show  an  alkaline  reaction  because  the 

acid  character  is  very  weak.    Monosubstituted  salts,  primary  salts,  dicarbonatea, 

— OH 
are  also  known,  for  instance  :    C :  0^x|^.     The  carbonates,  other  than  those 

of  the  alkalis,  are  insoluble  in  water  ;  the  alkaline  dicarbonates,  on  the  other 
hand,  are  less  soluble  in  water  than  the  dicarbonates  of  the  alkaline  earths  (Ca, 
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Ba,  &c.)*  The  salts  of  carbonic  acid  are  all  decomposed  by  mineral  acids  and 
also  by  acetic  acid  with  evolution  of  carbon  dioxide. 

CO2  is  in  itself  an  almost  harmless  gas,  but  since  it  cannot  maintain  respira- 
tion, it  may  produce  death  by  suffocation.  This  occurs  when  the  expired  air 
contains  more  than  15  per  cent.,  because  the  liberation  of  carbon  dioxide  from 
the  blue  venous  blood  cannot  then  occur,  and  the  lungs  are  no  longer  able 
to  absorb  oxygen.  Even  when  the  air  contains  3  or  4  per  cent,  of  COj  it 
produces  a  feeling  of  uneasiness  which  is  followed  by  unconsciousness  and  all 
the  symptoms  of  suffocation,  and  it  is  then  necessary  to  immediately  breathe 
pure  air  in  order  to  regain  the  normal  condition.  In  cellars  or  elsewhere 
where  fermenting  liquors  are  stored  it  is  often  dangerous  to  enter,  and  frequent 
accidents  occur  when  ventilation  is  not  provided  there.  This  danger  is  avoided 
by  entering  the  cellar  with  a  lighted  candle,  because  it  is  extinguished  by  air 
containing  more  than  15  per  cent,  of  COg. 

For  the  quantitative  determination  of  CO2  in  air,  see  p.  375. 

CO2  has  also  a  mildly  antiseptic  action  and  this  partially  preserves  beverages 
such  as  wine  and  beer,  meat,  &c. 

On  electrolysing  a  saturated  solution  of  potassium  carbonate  at  -15°,  the  potassium 
salt  of  percarbonic  acid,  H2C20e,  collects  at  the  anode,  being  formed  in  an  analogous  manner 
to  persulphuric  acid.    K2CO3  is  first  dissociated  into  K'  and  KCO3'  ions,  and  these  latter  are 

O— COOK 
condensed  at  the  positive  pole,  forming  potassium  percarbonate,   |  ,  which  after 

O— COOK 
drying  forms  a  solid  blue  mass  which  is  easily  decomposed  into  K2CO8  +  CO2  +  O,  and 
is  thus  an  energetic,  oxidising  agent,  but  may  also  act  as  a  reducing  agent  for  the  reasons 
explained  on  p.  235.     Percarbonic  acid  is  not  known  in  the  free  state. 

INDUSTRIAL  PREPARATION  OF  LIQUID  CO^ 

Carbon  dioxide  has  now  found  such  large  industrial  application  that  it  is  necessary 
to  explain  the  principal  methods  of  manufacture,  both  in  the  state  of  pure  gas  and  more 
especially  in  the  form  of  liquid,  for  the  production  of  cold,  of  ice,  and  for  other  purposes 
(see  below). 

The  sugar  refineries,  which  do  not  require  very  pure  COa,  obtain  it  in  the  form  of  gas 
diluted  with  air,  from  limestone,  by  heating  it  with  coke  in  kilns  similar  to  those  used  for 
the  preparation  of  quicklime  {see  Part  III),  and  in  this  way  they  also  obtain  lime  for 
use  in  refining  the  sugar  syrup.  On  heating  dolomite  (carbonate  of  Mg  and  Ca)  or,  better, 
magnesite,  MgCOs,  in  iron  retorts,  pure  CO2  is  obtained. 

CO2  may  be  obtained  at  relatively  low  temperatures  (at  a  dark  red  heat)  from  limestone, 
by  heating  it  in  a  retort  in  presence  of  superheated  steam. 

In  either  case,  however,  it  has  been  found  in  practice  that  at  high  temperatures  the 
CO2  rapidly  attacks  the  retort. 

Under  certain  special  conditions  it  is  even  to-day  found  convenient  to  prepare  CO2  by 
reacting  on  a  carbonate  with  sulphuric  acid.  Thus,  in  the  case  of  the  preparation  of 
magnesium  sulphate  from  MgCOa  and  H2SO4  (or  NaHS04,  a  by-product  of  nitric  acid 
works),  CO2  is  obtained  free  of  cost.  In  breweries  to-day  the  carbon  dioxide  from 
the  fermentation  vats  is  also  used  after  being  purified  by  means  of  solutions  of  potassium 
permanganate,  &c. 

Dilute  CO2  is  also  prepared  by  the  combustion  of  pure  carbon,  which  must  not  contain 
tarry  matter  or  hydrogen.  For  this  purpose  the  coke  from  gasworks  is  especially  suitable, 
though  sometimes  anthracite  or  wood  charcoal  is  also  used.  These  products  are  burnt  in 
Kindlcr*8  furnaces  (Fig.  160).  The  carbon  is  introduced  through  the  opening,  b,  and  is 
lighted  at  the  base,  a,  b  being  then  closed  with  a  suitable  cover.  The  amount  of  air  necessar}'- 
for  combustion  is  drawn  through  the  grate,  a,  by  means  of  a  pump  which  communicates 
with  the  apparatus  through  the  tube,  r.  The  CO2  which  is  formed  passes  whilst  still  hot, 
together  \^ith  the  nitrogen  of  the  air,  through  the  chamber,  c,  filled  with  limestone  which 
retains  the  dust ;  and  the  acid  substances  (SO2)  develop  further  CO2,  which  enriches 
the  gas.     This  is  cooled  by  passing  over  the  bottom  of  the  pans,  g  and  g',  in  which  cold 
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water  circulates,  is  then  washed  in  tiie  vesaci,  d,  and  finally  posees  through  the  tube,  r, 
to  the  gaaomet^ra.  As  the  carbon  in  ft  becomes  lees  in  quantity,  more  material  is  introduced 
above.  By  this  method,  if  the  air  current  is  carefully  regulated,  a  gas  is  obtained  which 
containsa  maximum  of  21  per  cent,  of  COg.  In  actual  practice  only  15  to  17  per  cent,  'm 
obtained.  For  this  reason  the  method  is  seldom  used  alone,  but  nearly  always  together 
with  the  preparation  of  dicarbonates  which  absorb  all  the  OOg  which  is  forrtied. 

In  order  to  prepare  pure  carbon  dioxide,  the  liquefaction  of  the  COj  may  be  used, 
and  the  method  of  Ozouf  is  then  applied.  He  first  prepares  dilute  CO3  in  Kindler'a 
apparatus  and  then  separates  it  from  the  other  gases,  O,  N,  and  CO,  by  absorbing  it  in  a 
solution  of  sodium  or  potassium  carbonate  at  a  temperature  of  42°  to  45°  and  a  concen- 
tration of  20°  B4  XMcarbonates  are  thus  formed  which  regenerate  all  the  CO;  at  100°. 
If  the  CO]  has  any  smell  it  is  first  purified  by  passing  through  towers  filled  with  animal 
charcoal  which  is  cleaned  occasionally  by  heating  it  to  redness  in  a  furnace. 

Beins  took  out  the  first  patent  for  obtaining  liquid  CO^  directly  from  solid  dicarbonafe 
in  1878.  He  evolved  the  CO^  by  heating  in  closed  vessels  and  thus  exercised  so  much 
pressure  that  the  gas  itself  was  liquefied  (Faraday's  method,  see  p.  27). 

The  industrial  application  of 
the  method  by  forming  dicar- 
bonate  solutions,  together  with  a 
very  ingenious  arrangement  of  the 
apparatus  for  obtaining  1  quidCOi, 
was  first  effected  by  Luhmann. 
FYom  this  time  the  industry  of 
liquid  COi  extended  rapidly,  and 
numerous  patents  followed,  all 
marking  an  interesting  series  of  1 
improvement*  which  it  is  impos- 
sible to  describe,  imtil  the  more  Fio.  160. 
recent    processes    have    attained 

great  practical  success.  In  1898  Raydt  patented  a  process  by  the  dry  method,  that  is, 
by  absorbing  the  COj  gas  with  dry  carbonates  in  presence  of  the  necessary  quantity  of 
steam  U)  form  the  dicarbonates,  and  decomposed  these  with  hot  COj.  This  process, 
however,  does  not  appear  to  have  been  successful  in  practice. 

For  some  years  the  new  process  of  Siirth  has  been  applied,  which  instead  of  starting  from 
dilute  COj  of  about  16  per  cent,  from  simple  coko  furnaces — by  Kindler's  process  or  others 
— starts  from  a  more  concentralcd  gas  free  from  oxygen,  formed  from  power  gas  {aee  below) 
in  a  gas  motor,  thus  obtaining  1  kilo  of  liquid  COj  from  0-6  kilo  of  coke.  The  coke  is  burnt 
in  presence  of  steam  to  obtain  the  power  gas,  and  by  moans  of  a  goe  motor  a  quantity 
of  energy  is  obtained  at  the  same  time,  which  is  used  for  compression  and  for  driving 
all  the  machinery.  By  the  old  process  it  is  necessary  to  bum  three  times  as  much  CO2 
as  is  liquefied  in  order  to  obtain  the  necessary  power  for  the  works.  In  Fig.  161  Siirth's 
new  process  is  illustrated  diagrammatically.  It  is  distinguished  essentially  from  other 
processes  by  the  fact  that  the  absor[ition  of  the  COj  by  solutions  of  KgCOj  is  not  effected 
at  low  temperatures  of  40°  to  4o°,  and  at  the  ordinary  pressure,  but  at  pressures  of 
6  to  6  atmospheres  and  at  100°  to  102°,  the  temperature  of  decomposition  of  the 
dicarbonate  at  the  ordinary  pressure.  Under  these  conditions  a  larger  quantity  of 
CX)b  is  absorbed  by  half  the  volume  of  potassium  carbonate  solution  and  in  much 
smaller  apparatus,  because  on  account  of  the  greater  partial  pressure  exorcised  by  the 
carbon  dioxide  in  a  mixture  of  more  concentrated  gas  the  formation  of  pota,ixium 
dicarbonate  is  greatly  facilitated,   and  also  owing  to  the  comprowion  of  the  gas  it^flf.' 

'  The  isrtlaJ  pmwure  of  CO,  in  a  mLiture  roiitainiiii!  15  per  cpiit.  BC  Ihc  onllrnry  |)rMaure  would  be  ,',.1^ 
of  an  almosphm  ;  inaRBscoiu  miifureconiprrAtd^  to&aiino«phc-iT8.  on  theothertund.  thcpartlAtpm^ureof  the 
CO,  bFCOines  5  x  ,Vn.  thai  is,  ^X  or  |  of  an  aliiuxphrn,  and  thiw  the  abaorption  of  Ihc  CO,  ie  urcatly  incmmd 
compamiwlthalMorpllonatQtdinaryiirrsBurc  Onth<><jlhrriiand.onworkiiiBatotdin«rjpri»''ii''eaiinth*oIlier 
procoiaH.  if  IS  per  cent,  of  CO,  Is  absurbifi  bv  a  *  put  rent.,  BolutlnnnIpoUii»lumcB[boiiiitc  In  Ihr  fin-t  BMnrptioii 
tower,  gas  conUinlng  8  per  cent,  ot  CO,wiiiBllll  be  prexMit  in  the  anronU  tower  and  the  absorbed  quanllty  will 
aHnlnl«hiBpldlybn»ii»elhcpartl»lpn>Marcof  llicco,  iKdeirenHeiKrom  ,\:;-,  to  ,:in  of  an  atoioaplii^n-,  and  Ihc 
abiorptkin  In  a  Ihlnl  tower  is  rarely  attemnteil.  ThiK  etplaliis  how  a  coimlderabli!  porlloR  of  the  CO,  produced  In 
thefokeftimaceiislcKtlnlheoldprocoMpj,  breuusc  II  is  not  all  abKirhed  by  two  ot  three  potash  towere.  It  nur 
alK  bt  rmted  that  onlj-  about  halt  of  the  cnrbonale  if  Itaristomiivl  l;ilo  potaxBliim  bicarbonate,  and  that  abov« 
tbia  limit  tits  atwrbiog  power  of  ilie  iiulas^ium  carbuiialc  for  CO,  diujinivhfB  rapidly. 
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free  CO^  is  also  absorbed  at  such  pressures  together  with  the  combined  CO^.  It  is 
evident  that  in  order  to  recover  all  the  CO2  from  the  bicarbonate  it  is  necessary  to  diminish 
the  pressure  whilst  maintaining  the  temperature  of  the  solution  at  102^  The  regenerated 
solution  of  K2CO8  is  then  quite  ready  for  fresh  absorption  of  (X)2  without  any  necessity  for 
reheating  or  recooling  it.  In  a  power  gas  is  produced,  which  is  washed  or  cooled  with  water 
in  the  scrubber,  b,  and  freed  from  taur  in  c ;  in  d  the  water  which  is  carried  over  with 
it  is  condensed  and  separated  and  it  then  enters  the  gas  motor,  e,  with  exactly  the  right 
quantity  of  air.  It  is  here  completely  burnt,  producing  the  power  necessary  to  drive  the 
works,  and  the  resulting  gases  (exhaust  gases)  which  are  very  hot  (400°)  are  first  utilised 
by  circulating  through  tubes  which  keep  the  solution  of  bicarbonate  contained  in  the  gasifier, 
/,  hot.  These  gases  are  then  drawn  by  the  pump,  t,  through  the  cylinders,  g  and  h,  which 
are  filled  with  limestone  and  siliceous  stones  respectively.  In  the  first  of  these  they 
encoimter  a  spray  of  water ;  and  in  h  sulphur  dioxide,  which  is  always  present,  is  absorbed 
by  a  weak  solution  of  soda,  and  thus  nothing  is  left  but  CO2  and  N.  The  same  pump,  t, 
which  is  both  a  compressor  and  an  exhaust  pump,  then  compresses  the  gas  and,  after 
separating  the  lubricating  oil  carried  in  with  it,  it  is  passed  into  the  absorption  tower,  m, 
from!  the  tqp  of  which  the  hot  solution  of  potassium  carbonate  falls,  which  is  provided  by 
the  degasifier,  /,  and  forced  in  by  the  pump,  u.  The  CX)2  is  completely  absorbed  whilst 
the  i^trogeh  escapes  through  the  valve  v,  at  the  top  of  the  tower  where  its  pressure  may 
be  eventually  utilised  to  drive  a  ga$  turbine,  in  which  manner  a  considerable  portion  of 
the  power  iused  in  compression  may  jbe  recovered,  or  in  certain  cases  the  nitrogen  may  be 
also  utm^e^  chemically  for  the  manufacture  of  calcium  cyanamide  (see  p.  309). 

"Che  soljition  of  potassium  carbonate  saturated  with  CO2  (potassium  dicarbonate)  is 
collected  a1|  the  base  of  the  tower,  and  being  under  pressure  is  easily  raised,  without  any 
necessity  for  pumping,  throtigh  the  tube,  n,  into  the  dogasifier,  /,  where  all  the  absorbed 
CO2  is  evoked,  because  it  is  here  no  longer  under  pressure  and  the  temperature  is  main- 
tained at  100°  to  102°.  The  carbon  dioxide  is  collected  by  the  suction  and  compression^ 
pum]^^  0,  and  passed  at  a  pressure  of  1  to  2  atmospheres  through  the  cylinder,  p,  filled  with 
lumps  of  fused  calcium  chloii^def  where>ii^  is  dried,  and  then  through  the  cylinder,  q,  filled 
Mith  wood  charcoal,  where  it  is  deprived  of  any  smell.  The  pure,  dry,  and  odourless 
CO2,  which  is  thus  obtained^  finally  passes  into  the  true  compressor  for  liquefaction. 

One  of  these  plants  was  at  work  in  Genoa  in  1906,  and  others  are  projected  for  other 
places,  j  J  '  ' 

The  new  Schutz  proceia  EaS  also  been  applied  in  Italy  (Dr.  Candiani  &  Co.  of  Milan 
erected  a  works  at  Naples  in  1908),  and  it  differs  from  other  processes  in  the  fact  that  CO2 
and  a  certain  quantity  j>f  pure  distilled  water  are  produced  simultaneously.  The  latter  is 
used  for  steam  boilers,  thus  avoidipg  incrustations,  and-to  dilute  the  solutions  of  soda, 
thtis  avoiding  the  accumulation  01  impurities  by-theoontiniied  evaporation  and  dilution. 
The  principle  of  lubricating  the  steam-engine  with  the  same  solution  of  potassium  carbonate 
is  also  employed,  thus  avoiding  lubricating  oils  and  the  consequent  defilement  of  the 
condense  water,  which  may  thus  also  be  employed  for  rediluting  the  solution  of  potash, 
&c.  The  heat  which  is  developed  through  the  combustion  of  the  coke  is  sufficient  to 
drive  all  the  machinery  ;  in  fact  the  carbon  is  burnt  in  a  semi -stationary  engine  of  great 
efficiency  and  the  combustion  gases  are  utilised.  The  arrangement  of  the  machinery 
and  the  stages  of  the  process  are  shown  diagrammatically  in  Fig.  162.  The  coke  which  is 
burnt  on  a  hearth  heats  the  boiler,  a,  which  supplies  steam  for  driving  the  motor,  h,  which 
is  lubricated  with  a  solution  of  potassium  carbonate.  The  gases  from  the  coke  are  washed 
with  a  spray  of  water  in  the  tower,  c,  filled  with  coke.  They  escape  Jb:om  the  top  of  this 
and  are  driven  by  the  pump,  d,  through  the  saturating  tower,  e,  from  the  top  of  which  a 
spray  of  hot  water  falls.  The  hot  gases  are  thus  satiirated  with  water  vapour  and  enter 
the  lower  part  of  the  absorption  tower,/,  from  the  top  of  which  a  spray  of  a  cold  potassiiun 
carbonate  solution  falls.  This  not  only  absorbs  the  CO2,  but  also  condenses  a  part  of  the 
moiature  on  account  of  the  lowering  of  the  temperature  of  the  gases,  and,  therefore,  no  con* 
centration  of  the  potassium  carbonate  solution  occurs,  but,  on  the  other  hand,  it  is  diluted. 
The  gases  which  are  not  absorbed  escape  from  the  top  of  the  tower,  /,  and  consist  mainly 
of  nitrogen  which  may  be  used  as  indicated  above,  whilst  the  solution,  which  is  saturated 
with  CO2,  is  forced  by  the  pump,  g,  through  the  gasifier,  h,  where  the  combined  CO2  is 
liberated  by  means  of  a  bujidle  of  tubes  in  which  steam  escaping  from  the  motor  circulates. 
A  certain' amount' of  steam  is  liberated  together  with  the  C02>  and  this  is  condensed  in  the 
I  25 
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cooler,  t,  by  means  of  &  counter  current  of  water,  the  COg  being  colleoted  in  th«  gaBomet«r,  h. 
The  condeoBed  water  is  used  for  the  boiler,  a,  and  the  water  which  oirDulates  in  the  ooolar 
issues  hot  from  the  top  and  feeds  the  saturation  tower,  e,  as  has  been  described  above. 
That  part  of  the  vapour  which  is  condensed  after  having  heat«d  the  gssifier,  h,  ia  utiUaed 
by  collecting  the  condensed  water  in  I,  in  order  to  uae  it  ior  feeding  the  boiler,  a.  Prom  the 
figure  we  also  see  how  the  potatvium  carbonate  solution  freed  from  CX)*  ie  ooUactad  and 
then  pumped  afresh  into  the  absorption  tower,  /, 

By  this  process  also  the  heat  produced  by  the  combustion  of  the  coke  is  rationally 
andalmost  totally  utilised,  and  thus  a  yield  of  1  kilo  of  pure  liquid  CO(Of  99  per  cent,  is 
obtained  from  fiOO  to  700  grms.  of  coke  burnt,  aooording  to  the  siie  of  tbe  plant.  Duiiitg 
late  years  the  Schiitz  process  has  undergone  many  improvements  and  is  now  gradually 
displacing  the  Siirtli  process. 


Tha  compressors  which  are  used  for  the  liquefaction  of  pure  COg  gas  are  uiologous  to 
those  used  for  the  liquefaction  of  air  (p.  294).  One  type  which  has  been  used  for  some  years, 
but  which  has  undergone  several  improvementa,  ia  that  indicated  diagrammatically  in 
Fig.  183.  The  dry  CO^  gas,  free  from  air,  proceeds  from  the  gasometer  by  means  of  the 
tube,  M,  enters  the  body  of  the  pump,  B,  is  compresaed  to  30  atmospheres  and  escapes 
through  the  tube,  S.  It  is  cooled  with  water  in  the  serpentine  coil,  D,  and  then  passes 
through  the  tube,  P,  into  the  second  portion  of  the  pump,  G,  where  it  is  compresaed  to  60 
atmospheres.  At  this  pressure  it  enters  the  oooUng  ooil,  F,  where  it  is  cooled  with  water, 
and  accumulates  as  a  liquid  in  the  vessel,  H,  from  which  it  is  passed  into  the  usual  st«el 
cylinders,  /,  which  are  used  for  transport.  The  compressors,  the  cooling  ooila  and  the 
Hteel  bombs  are  all  surrounded  by  cold  water  which  circulates  through  the  tubes  I  to  8, 
For  the  production  of  10  kilos  of  liquid  CO2  per  hour,  the  serpentine  ooil,  D,  has  a  length 
of  80  metres  and  F  a  length  of  150  metres.  With  6  h.p.  20  te  25  kilos  of  liquid  C0|  may  be 
produced.  The  cylinders  containing  the  COj  are  similar  to  those  used  for  compressed 
gases  (pp.  130  and  177) ;  they  arc  cast  in  a  single  piece  and  when  of  a  capadty  of  10  litres 
should  not  contain  more  than  8  litres  of  liquid  COt(—  4300  litres  of  gas)  in  order  to  avoid 
accidents  through  the  very  groat  dilatation  of  the  liquid  COg  (see  p.  381  ).* 
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Wb  will  now  illustrate  by  a  practical  example  the  thermal  balance  of  an  induBtrial 
process  in  this  case,  aa  has  already  been  done  for  the  manufacture  of  hydrochlorio  acid 
(p.  164). 

For  a  factory  which  produces  60  kilos  of  liquid  COg  per  hour  by  the  coke  furnace  process, 
about  16,000  Utres  of  potaaaium  carbonate  solution  of  20°  B^  are  required,  vetghing 
17,430  kiloB,  the  whole  of  which  has  to  be  heated  from  45°  to  102"  in  order  to  regenerate  the 
CO*  which  is  absorbed.  In  order  to  raise  the  temperature  in  this  manner  by  67°  about 
993,500  Cala.  will  be  required,  that  i?,  17,430  x  67  Cola,  (a),  to  which  we  muat  add  about 
G3,600  Cala.  (a')  because  about  100  kilos  of  water  are  evaporated  together  with  the  COi,  and 
the  heat  of  evaporation  of  water  is  636  cals. 

Furthermore,  for  working  the  compresaors,  pumps,  transmitters,  &c.,  a  atcam-engine 
ia  required  of  about  26  h.p,  which  consuraes  375  kilos  of  steam  per  hour  at  5  atmo- 
spheres pressure,  that  is,  15  kiloa  per  h.p. -hour.  Fur  thia  production  of  steam,  62-6 
kilos  of  ooke  are  required,  as,  generally  speaking,  1  kilo  of  coke  produces  6  kilos  of  steam, 
thatia,  I -25  kilos  of  coke  (6)  are  required  for  each  kilo  of  liquid  COf  which  is  manufactured 


A  portion  of  the  heat  produoed  during  all  these  procasaes  is  recovered  in  the  following 
manner  :  The  62-6  kilos  of  ooke  produce  on  burning  312,000  Cals.  (e)  (5000  for  each  kilo) 
and  of  this  only  261,000  Cala.  (d)  are  utilised  for  the  production  of  376  ktlos  of  steam  at 
6  atmoepheree  pressure,  that  is,  at  a  temperature  of  163°  ;  for  in  order  to  raise  1  kilo  of 
watcc  from  20°  to  153°,  133  Cals,  are  required,  and  to  convert  this  into  steam  at  5  atmo- 
epherea  a  further  S36  Cals.  are  needed,  being  609  Oils,  altogether,  and  thus  tor  the  375  kilos 
of  steam  we  require  375  x  669  —  261,000  Cals.  ;  the  remaining  61,000  Cals.  («)  remain  in 
the  hot  furnace  gasce  from  the  coke  furnaoe,  and  of  those  about  50,000  Cals.  (/)  are  recovered 
by  heating  the  solution  of  potassium  dicarbonate.  On  the  other  hand,  the  degasified 
solution  of  carbonate  at  a  temperature  of  102°  must  be  cooled  to  45°,  and  during  this  process 
servee  to  heat  the  dicarbonate  solution  which  is  to  be  gasified  in  a  counter -flow  apparatus. 
It  is  calculated  that  about  44°  of  this  temperature  difference  can  be  utilised,  and  for  17,430 
kiloe  of  solution  this  gives  a  recovery  of  heat  of  766,900  Ctls.  {g).  Finally,  we  may  calculate 
the  recovery  of  the  heat  which  escapes  from  the  steam-engine,  supposing  that  10  per  cent, 
of  this  is  lost  by  {aiot  condensation,  leaving  338  kilos  of  steam  at  100° ;  this  338  kilos 
of  steam  may  be  condensed  in  heating  coils  in  the  degaaificr  and  thus  regenerates  338  x  536 
■s  181,170  cals.  {h).     We  thus  obtain  the  foUowing  summary  : 

H«t  <aiiili>;ed  Hot  ncarerol 

(a)                   .       993,500  CWs.  {/)  .          .       50,000  Ols. 

(a')       .                 53,600    „  [g]  .         .  766,900    „ 

(c)        .                312,000    „  (h)  .  181,170    „ 

Total      .    1.369,100  Cala.  Total         .     998.070  Cals. 

The  difference  ia,  therefore,  361,030  Cals.,  which  are  necessary  tor  the  production  of 
SO  kiloa  of  COs  ;  since  1  kilo  of  coke  yields  6000  Cals.  722  kiloa  of  coke  will  be  necessary 
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tor  thfs  purpose,  that  is  to  aay,  in  order  t«  produce  1  Idlo  ot  liquid  COj,  we  requiro 
by  this  process  1'44  ki]os  of  coke  altogether,  and  this  rotiult  is  confirmed  by  actual 
experience. 

Liquid  COj  is  placed  on  the  market,  as  we  have  already  said,  in  Htoel^cylindors  of  various 
sizes  {gee  above).  These  are  closed  above  by  means  of  various  pieces  strongly  screwed 
together,  as  is  seen  in  Figs.  164  and  166.  which  require  no  further  explanation,  bet^ase 
one  can  see  how  by  turning  the  upper  valve  the  escape  ot  COj  may  be  readily  regu]ated,  and 
how  a  side-piece  may  be  attached  containing  a  pressure -reducing  valve.  For  each  kilo 
of  COs  2  kilos  by  weight  of  steel  cylinder  are  needed,  from  which  it  is  evident  that  it  is  not 
profitable  to  transport  COa  to  great  distances,  because  whilst  the  product  itself  costs  Id. 
to  l\d.  per  kilo,  the  freight  and  return  of  the  empty  cylinders  to  distances  of  300  ta  400 
km.  ciist  Id.  to  IJeJ.  (in  Italy)  by  goods  train  and  3d.  to  3^.  by  pafoenger  train. 

The  factory  of  Rommenholler  in  Berlin  alone  possesses  155,000  steel  cylinders  for 
the  transport  of  liquid  CO^- 

SOLID  CARBON  DIOXIDE.  This  is  formed  with  relative  caw  as  a  white  mass 
iimilar  to  snow,  by  allowing  liquid  carbon  dioxide  to  rapidly  and  freely  expand  in  the  air. 
Natterer  allowcdiiquid  COa  to  expand  in  a  brass  chamber,  whilst  Landolt  in  1884  obtained 
solid  COi  in  a  much  simpler  manner  by 
placing  a  woollen  bag  over  the  mouth  of  a 
cylinder  ot  liquid  COj  which  was  inclined 
downwards  ;  on  opening  the  valve,  the 
COe  sohdilicd'  as  a  snow  in  expanding  and 
was  retained  by  the  bag,  wtdlst  the  gas 
passed  out  through  its  pores.  On  then 
compressing  this  solid  CO2  in  cylinders  it  ia 
obtained  as  blocks  of  solid  COi  which  are 
very  compact  and  have  a  specific  gravity  ot 
1'2  ;  they  evaporate  very  slowfy,  and  by 
simply  wrapping  them  in  cardboard,  cotton- 
wool, or  other  substances,  they  may  even 
ba  despatched  without  any  danger  by 
rail,  just  in  the  same  maimer  as  ordinary 
ieo.  By  spontaneous  evaporation  t^eir  tem- 
Pro.  164.  Fio.  165.  perature  remains  at   -65".    Attempts  have 

been  made  in  England  to  establish  a  trade 
in  this'product  (Eng.  Pat.  21,861  of  1899)  and  it  is  probable  that  it  may  acquire  im- 
portance in  the  future,  because  it  would  be  easy  in  this  manner  to  produce  gteat  cold 
very  cheaply  without  danger  and  without  machinery,  by  means  of  the  use  of  solid  COg, 
the  cost  of  transport  being  greatly  reduced  because  heavy  and  costly  steel  cylinders 
are  dispensed  with.  Recently,  in  1905,  ajjompany  for  the  preparation  and  sale  of  solid 
parbon  dioxide  was  established  at  Cbarlottenburg,  using  the  process  of  Ueyl  and  Wultie 
(Ger.  Pat.  157,403) ;  the  compressed  product  is  placed  in  receivers  in  which  a  pressure  of 
one  atmosphere  only  is  maintained,  which  are  surrounded  by  a  freezing  mixture  and 
communicate  with  a  small  compressor. 

APPLICATIONS  OF  CARBON  DIOXIDE.  The  gas  is  used  in  sugar 
Refineries  for  separating  from  the  sugar  juice  the  lime  which  has  been  used  for 
defecation.  It  is  also  used  in  white  lead  factories  and  in  the  manufacture  of 
dicarbonates  and  of  Solvay  soda. 

Liquid  carbon  dioxide  is  also  used  for  effervescing  drinks,  such  as  soda 
water,  mineral  waters,  sparkling  wines,  &c.,  because  it  holds  certain  salts 
in  solution' which  would  otherwise  be  precipitated  (see  p.  228) ;  in  beer  and  wine 
it  has  also  a  preservative  action  and  hinders  decomposition. 

In  restaurants  the  beer  is  raised  from  the  cellar  by  connecting  the  barrel 
Vi6h  a  cylinder  of  liquid  COj  furnished  with  a  reducing  valve,  B  fFig.  166), 
and  thus  forcing  it  through  the  concentric  tube,  G,  to  the  delivery  tap.  It  is 
thus  kept  saturated  with  CO,. 

Eaydt  suggested  the  use  of  liquid  COj  contained  in  iron  cylindors  at  great 
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pressure,  about  60  atmospheres,  for  motors  and  also  for  projecting  water  to 
great  distances  in  case  of  fire  without  the  uee  of  a  pump.  Liquid  CO^  is  largely 
used  in  breweries  for  the  preservation  and  saturation  of  the  beer  and  in  the 
pressure  apparatus  which  serves  to  convey  it.  It  is  used  in  ice  factories 
(p.  234),  and  its  use  has  been  proposed  for  removing  boiler  scale  by  saturating 
the  feed  water.  It  is  now  used  in  large  quantities  for  hardening  white  meta 
and  steel  and  fen  obtaining  large  steel  castings  without  blowholes  ;  for  this 
purpose  liquid  COj  is  poured  on  to  the  8t«el  castings  in  gas-tight  vessels,  enormous 
pressures  being  thus  produced  at  high  temperatures  (about  700  atmospheres 
at  100°  and  about  2000  atmospheres  at  200°).  Under  these  conditions  the 
solidified  casting  is  free  from  blowholes.  The  firm  of  Krupp  of  Essen  use  about 
100  kilos  of  liquid  CO,  per  hour  for  this  purpose,  especially  for  the  casting  of 
guns  of  large  calibre.  It  is  also  used  as  an 
ansasthetic  and  generally  for  producing  cold 
for  surgical  operations. 

During  the  last  few  years  baths  of  gaseous 
carbon  dioxide  have  been  applied  therapeu- 
tically. 

It  is  also  employed  to  freeze  sandy  or 
crumbly  soil  before  this  is  bored  or  excavated 
for  wells,  canals,  foundational  for  the  pillars 
of  bridges  under  the  water  level,  &c.  At 
points  where  boring  is  to  be  carried  out,  a 
series  of  communicating  vertical  tubes  are 
driven  into  the  ground  forming  a  ring 
arranged  about  a  circumference  of  a  diameter 
about  two  metres  wider  than  the  proposed 
boring.  In  these  tubes  brine  from  an  ice 
machine  is  circulated  or  liquid  carbon  di- 
oxide is  evaporated.  The  previously  mois- 
tened soil  freezes  and  the  whole  forms  a 
rigid  block  which  may  be  easily  and  safely 
excavated.  The  great  pressure  of  COj  in 
steel  cylinders  is  also  used  for  raising  sunken  Fio.  166. 

ships,  to  which  a  deflated  balloon  is  attached 

which  is  then  filled  with  compressed  gas — CO^,  hydrogen,  &c.^under  water, 
the  baUoOD  thus  raised  carrying  the  submerged  vessel  to  the  surface.  Pure 
compressed  CO,  is  also  used  for  decanting  inflammable  liquids  (benzene,  &c.). 

PRICES  AND  STATISTICS.  In  Germany  in  1891  thero  wn;  23  works  manufac 
luring  liquid  carbon  dioz:'do  which  produced  2000  tons  and  exported  about  1000  tons.  In 
1899  there  were  60  work?  producing  14,000  tons  of  liquid  COj,  more  especially  provided 
by  natural  springs  and  the  combustion  of  eoke,  and  a  similar  quantity  by  heating 
carbonates.  Practically  none  is  to-day  prepared  from  carbonates  with  mineral  acids. 
In  1905  the  production  rose  to  30,000  tons,  two-thirds  of  which  was  obtained  from 
natural  gas,  ot  which  7332  tons  were  exported  at  a  price  of  Is.  2d.  per  kilo  in  steel 
cylinders  supplied  by  the  purchaFcr  ;  it  costs  Jd.  a  kilo  more  when  the  cylinders  arc 
supplied  by  the  manufacturer.  In  1908  the  production  increased  to  45,000  tons  and  the 
exports  diminished  to  2641  tons  in  1909. 

In  Prance  there  are  fewer  works.  The  CHarbonique  Lyonnaise  produces  160  kilos 
of  liquid  CO,  per  hour,  and  always  maintains  n  stock  of  13,000  cylinders  of  CO2.  The  works 
at  Bobigny  produce  100  kilos  per  hour  by  burning  coke.  In  1897  France  produced  barely 
1000  tons  of  liquid  CO;,  in  1900  it  produced  8000  tons,  mid  the  price  descended  from  li.  3d. 
per  kilo  to  lee»  than  4d.  pet  kilo,  through  comjH'tition.  In  Germany  small  quantiti™  ut' 
liquid CO^are also  sold  at  2Jrf.  to  4rf.  per  kilo.  In  1906  there  were  40  works  in  (he  United 
States  of  America  with  a  production  of  16,000  tons.  Switzerland  produce^l  350  tona' 
ial906. 
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In  Italy  183  tons  of  liquid  (X>2  "were  produced -in  1903  of  which  135  tons  came  from 
Arezzo  and  the  rest  from  Avigliana  ;  the  commercial  price  was  Id.  per  kilo  and  4  tons 
were  imported.  In  1904  the  production  rose  to  196  tons  and  the  imports  decreased  to  2 
tons.  Then  a  large  number  of  works  were  erected  in  1905-1906,  and  there  is  just  at  present 
over-production,  which  has  obliged  the  manufacturers  to  seek  for  an  outlet  which  is  not 
always  profitable,  in  the  form  of  exportation,  and  a  lowering  of  prices  in  order  to  increase 
the  internal  consumption  ;  thus  in  1905  the  production  was  308  tons,  in  1906  469  tons, 
in  1907  660  tons,  in  1908  1200  tons,  in  1909  1500  tons.  The  imports  have  completely 
ceased  and  the  exports  were  29  tons  in  1906,  50*5  tons  in  1907,  and  42*4  tons  in  1908.  The 
price  decreased  continuously  and  at  present  the  great  competition  between  the  various  works 
has  brought  it  down  to  Zid.  per  kilo. 

In  order  to  analyse  liquid  CO2  a  sample  is  taken  in  a  weighed  glass  tube  with  two  cocks, 
by  connecting  it  with  the  inverted  steel  cylinder  so  that  liquid  CO2  is  removed  and  not 
the  gas  mixed  with  air  which  is  above  it.  From  the  weighed  glass  tube  a  portion  of  the 
gas  is  then  passed  into  an  Orsat  apparatus  in  order  to  be  analysed  in  the  ordinary  way 
(Mcp.  375). 

CARBON  MONOXIDE:   CO 

When  carbon  is  heated  to  a  temperature  of  700°,  or  better  still  to  above 
1000°,  in  presence  of  air,  carbon  monoxide  is  mainly  obtained  instead  of  the 
dioxide,  and  at  this  same  temperature  CO2  is  decomposed  in  presence  of  excess 
of  carbon  :  CO^  +  C  =  2C0. 

It  was  once  believed  that  during  the  combustion  of  carbon  between  400° 
and  700°  COj  only  was  formed,  but  it  has  recently  been  shown  that  at  600° 
a  little  CO  is  already  formed,  together  with  the  COj,  and  in  presence  of  finely 
divided  metals  CO  is  formed  even  at  300°.  This  is  explained  by  the  fact 
that  the  reaction  is  reveraible  :  C  +  CO^  "^^  2C0,  between  the  temperature 
limits  indicated.  In  general,  CO  is  formed  whenever  carbon  is  burnt  in  presence 
of  an  insufficient  quantity  of  air. 

PROPERTIES.  It  is  a  colourless,  odourless  gas,  almost  insoluble  in  water, 
but  is  very  soluble  in  an  ammoniacal  or  hydrochloric  acid  solution  of  cuprous 
chloride,  with  which  it  forms  a  crystalline  compound,  2CuCl.C0  +  2H2O, 
which  on  heating  with  potassium  hydroxide  liberates  CO  again,  and  is  separated 
as  a  black  precipitate. 

Even  small  quantities  of  CO  produce  a  black  precipitate  with  a  solution 
of  palladium  chloride  ;  0-5  per  cent,  of  CO  in  air  already  gives  a  brown  colora- 
tion with  an  ammoniacal  solution  of  silver  nitrate,  which  then  gives  a  black 
precipitate  on  boiling. 

With  iodine  pentoxide,  I^Og,  it  gives  a  fairly  sensitive  reaction  by  liberating 
iodine  which  forms  a  violet  solution  with  chloroform  or  carbon  disulphide  : 

5C0  +  I2O5  =  Lj  +  5CO2. 

It  is  lighter  than  air  (0-9672),  and  1  litre  weighs  1-2508  grms.  Its  critical 
temperature  is  —141°,  and  its  critical  pressure  35  atmospheres.  Liquid 
CO  boils  at  -190°,  and  is  solid  at  -212°. 

In  the  gaseous  state  it  bums  with  a  fine  bluish  flame. 

On  mixing  2  vols,  of  CO  with  1  vol.  of  oxygen  in  a  cylinder  and  lighting 
it  with  a  powerful  flame,  a  detonation  is  obtained  :  2C0  +  02  =  2CO2.  If  the 
gaseous  mixture  is  moist  it  is  ignited  very  easily  and  at  a  lower  temperature, 
perUaps  because  the  CO  reacts  with  water  vapour  forming  hydrogen : 
CO  +  HgO  =  CO2  +  H2,  and  the  hydrogen  in  turn  combines  with  the  oxygen 
of  the  mixture,  regenerating  water,  so  that  in  this  case  the  latter  would  exert  a 
pseudo-catalytic  action.     The  flame  of  CO  is  extinguished  in  perfectly  dry  air. 

Being  a  gas  which  is  still  oxidisable  it  has  the  property  of  reducing  various 
metallic  oxides,  for  example,  copper  oxide,  at  a  red  heat : 

CO  +  CuO  =  CO,  +  Cu. 
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It  also  redaces  certain  oxides  and  chlorides  of  the  noble  metals  even  in  the  cold. 
A  sensitive  reaction  for  CO  is  thus  obtained  with  a  piece  of  paper  impregnated 
with  palladium  chloride  which  blackens  in  presence  of  traces  of  the  gas. 

CO  does  not  maintain  combustion  because  it  yields  up  its  oxygen  with 
difficulty,  only  separating  carbon  by  the  action  of  potassium  at  a  red  heat. 
A  mixture  of  CO  and  H  yields  formaldehyde  \mder  the  action  of  the  dark  electric 
discharge.  Formaldehyde  is  one  of  the  simplest  organic  compoimds  known  : 
CO  +  H,  =  HCOH. 

It  is  a  very  poisonous  gas  even  in  small  quantities,  as  1  litre  of  CO  in  100  cu.  metres 
of  air  produces  symptoms  of  poisoning,  and  1  litre  in  779  litres  of  air  is  capable  of  killing 
a  man  in  half  an  hour.  It  may  be  recognised  when  absorbed  by  the  blood  by  means  of  the 
spectroscope.  It  combines  with  the  hemoglobin  of  the  blood,  thus  preventing  the  formation 
of  oxyhemoglobin  and  the  vital  functions  of  the  blood,  through  anoxaemia.^  The  symptoms 
of  carbon  monoxide  poisoning  are  headache,  unconsciousness,  convulsions,  &c.  Air  which 
only  contains  0*05  per  cent,  is  already  poisonous  for  human  beings,  and  cases  of  poisoning 
in  badly  ventilated  rooms  in  which  coal  is  burnt  and  where  the  stove  is  made  of  iron 
which  becomes  porous  when  hot  are  thus  explained.  In  such  cases  the  fuel  is  biunt  with 
an  insufficient  quantity  of  air  and  at  very  high  temperatures.  In  speaking  of  oxygen 
(p.  175)  we  have  noted  the  experiments  of  Mosso,  who  showed  that  in  compressed  oxygen 
animals  still  resist  the  action  of  6  per  cent,  of  CO,  and  that  when  this  pressure  is  released 
the  animals  immediately  died. 

On  considering  the  thermochemical  behaviour  of  carbon  with  respect 
to  oxygen,  it  is  interesting  to  note  that  whilst  ordinarily,  when  simple  elements 
combine  with  one  or  more  atoms  of  oxygen,  they  give  a  maximum  development 
of  heat  when  combining  with  the  first  atom  of  oxygen,  in  the  case  of  carbbn 
the  reverse  is  the  case.  Thus  we  know  already  that  when  carbon  unites 
directly  with  two  atoms  of  oxygen  to  form  COj,  406  Kj.  (97,000  cals.)  are 
developed,  and  we  also  know  that  when  CO  +  0  forms  CO2, 284  Kj .  (67,850  cals.) 
are  formed  and  consequently,  during  fixation  of  the  first  atom  of  oxygen 
C  +  O  =  CO,  122  Kj.  (29,160  cals.)  will  be  developed. 

This  difference  in  the  amount  of  heat  evolved  by  combination  with  the  first 
and  with  the  second  atom  of  oxygen  is  probably  explained  by  the  hypothesis 
that  the  whole  of  the  heat  liberated  during  combination  with  the  first  atom  of 
oxygen  is  not  indicated  by  the  thermometer  as  heat  of  reaction,  but  that  one 
portion  remains  absorbed  by  the  intermolecular  work  necessary  to  disintegrate 
and  volatilise  the  complex  molecule  of  solid  carbon. 

When,  on  the  other  hand,  CO  and  O  react,  the  CO  molecules  are  already 
free  and  consequently  we  may  conclude  that  in  order  to  disintegrate  the 
molecules  of  solid  carbon,  at  least  162  Kj.  (=  38,700  cals.,  that  is, 
67,850  —  29,150)  are  required,  assuming  that  the  combination  with  the  first 
atom  of  oxygen  really  causes  an  evolution  of  at  least  as  much  energy,  namely, 
67,850  cals.,  as  combination  with  the  second  atom.^ 

1  p.  OiacoBa  maintains,  on  the  other  hand,  that  death  oociin  from  a  different  cause,  namely,  throngh  a  reflex 
paialyalB  of  the  nervona  centres  governing  respiration,  caused  by  contact  of  the  carbon  monoxide  with  the  sensitive 
terminals  of  the  respiratory  passage.  Thus  it  is  a  case  of  poisoning,  not  by  chemical,  but  by  nervous  action. 

Many  theoretical  considerations  and  certain  experiments  of  Marcaccl  also  point  in  this  direction.  The  experi- 
ment conceived  and  carried  on  by  Oiacoea  is  of  interest  in  this  connection.  He  first  removed  the  blood  from  a  dog 
and  then,  when  it  was  at  the  point  of  death  through  acute  ansemia,  he  introduced  into  its  circulatory  system  the 
blood  of  another  dog  which  had  already  been  treated  with  carbon  monoxide,  bo  that  its  red  blood-corpuscles  no 
longer  contained  any  oxygen.  The  entry  of  this  blood  into  the  respiratory  system  of  the  dog  caused  the  respiratory 
activity  to  be  revivified  at  once,  and  then  the  dog  immediately  regained  normal  respiration  and  passed  in  a  few 
minatea  from  death  to  life.  Thus,  as  in  this  case  the  blood  which  circulated  in  the  body  of  the  revived  dog  con- 
tained, at  least  at  the  beginning,  quantities  of  oxygen  much  less  than  those  which  remained  in  the  blood  of  an 
Indlvldaal  killed  by  poisoning  with  carbon  monoxide,  we  may  conclude  that  in  such  individuals  death  occurs  through 
other  causes. 

*  In  these  cases  we  are  always  speaking  of  the  moleaUar  calorific  power,  that  is,  the  heat  developed  by  the 
combination  of  12  grms.  of  carbon  with  32  grms.  of  oxygen  to  form  44  grms.  of  C0|  (1  moi.)  with  development 
of  406  KJ.,  whilst  in  the  case  of  combostlbles  in  general  the  calorific  power  in  large  or  small  calories  is  practically 
referred  to  1  gnn.  or  1  kilo  of  the  combustible.  Thus,  as  12  grms.  of  coal  give  97,000  cal.,  1  grm.  will  give  8080 
cals. ;  for  CO— 28  grm. — ^the  molecular  calorific  power  when  burnt  to  form  CO,  is  67,8.^0  cals. ;  for  1  grm.  of  CO 
the  heat  of  combustion  will  thus  be  2423  cala. 
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PREPARATION.  When  an  electric  arc  is  passed  between  carbon  electrodes 
under  water  CO  is  formed  at  the  expense  of  the  carbon  of  the  electrodes  : 
C  +  HjjO  =  CO  +  Hj. 

Various  organic  acids,  such  as  citric,  malic,  and  formic  acids,  when  treated 
on  the  water-bath  with  strong  sulphuric  acid  monohydrate,  develop  a  «trong 
current  of  carbon  monoxide  mixed  with  very  little  carbon  dioxide  (COg).  In 
the  laboratory  oxalic  acid  is  always  used  and  the  traces  of  COg  are  separated 
by  passing  the  gas  through  a  solution  of  sodium  hydroxide.  {Translator's 
note, — ^In  these  cases  the  amounts  of  carbon  dioxide  formed  may  be  considerable 
and  from  oxalic  acid  equal  volumes  of  CO  and  COg  are  formed.) 

The  preparation  from  potassium  ferrocyanide  (1  part)  with  strong 
sulphuric  acid  (9  parts)  is  even  more  convenient.  In  this  case  the  gases 
are  passed  through  a  solution  of  sodium  hydroxide  to  absorb  the  traces  of 
COg,  SO2,  and  prussic  acid  which  are  always  formed. 

CO  may  be  obtained  from  COg  by  powdered  metallic  zinc  heated  to  dull 
redness  :  COg  +  Zn  =  ZnO  +  CO,  or  more  easily  by  heating  magnesium 
carbonate  mixed  with  zinc  dust  in  a  retort ;  a  mixture  of  COg  +  CO  is  first 
formed,  but  pure  CO  is  obtained  later ;  the  magnesium  carbonate  may  be 
advantageously  replaced  by  calcium  carbonate  : 

CaCOg  +  Zn  =  ZnO  +  CaO  +  CO. 

On  heating  carbon  with  metallic  oxides  CO  is  also  formed,,  thus  C  +  ZnO  = 
CO  +  Zn,  and  this  reaction  explains  the  reducing  action  of  carbon  on  heating 
with  various  metallic  oxides,  which  is  utilised  in  the  preparation  of  metals.  In 
1794  alreadv  Courbelle  found  that  steam  in  presence  of  carbon  heated  to  about 
600^  forms  COg  and  H  ;  C  +  2HgO  =  COg  +  2H2,  but  that  above  900°  CO  is 
mainly  formed  :  C  +  HgO  =  CO  +  Hg,  and  COg  +  C  =  2C0.  It  is  necessary 
to  remember  that  during  this  reaction,  and  in  the  production  of  water  gas, 
absorption  of  heat  occurs.^ 

One  kilo  of  coke  containing  90  per  cent,  of  carbon  produces  up  to 
2-5  cu.  metres  of  water  gas  ;  1  kilo  of  ordinary  coal  produces  about  2  cu.  metres 
and  of  lignite  1  cu.  metre.  Crude  water  gas  from  coke  contains  45  to  50  per 
cent,  by  volume  of  H,  40  to  50  per  cent,  of  CO,  4  to  7  per  cent,  of  COg,  4  to  5  per 
cent,  of  N,  and  about  1  per  cent,  of  oxygen  ;  the  calorific  power  is  about 
2500  cals.  per  cubic  metre,  and  the  gas  costs  from  Sd.  to  '5d.  per  cubic 
metre. 

The  excess  of  water  vapour  proposed  by  Fayes  and  applied  by  Hembert  and  Henry 

1  The  mlxtare  H,  CO  and  G0|  with  a  little  nitrogen  from  the  air  is  called  water  gas  ;  in  1832  JolMird,  of  Bniaseis. 
used  this  gas  for  illuminating  purposes.  Water  gas  alone  is,  however,  only  very  slightly  luminous,  and  it  is  very 
poisonous  on  account  of  the  large  quantities  of  CO  which  it  contains. 

In  spite  of  the  improvements  of  Selligne  and  then  of  Witte,  Leprence,  Baldamus,  Grune,  Isoard,  Kirkham,  &c., 
by  which  the  gas  was  rendered  luminous  by  mixing  it  with  hydrocarbons  such  as  beniene,  it  was  not  used  in  large 
quantities.  In  1860  Fayes  constructed  an  apparatus  by  which  a  water  gas  containing  little  CO  was  prepared  by 
employing  an  excess  of  steam  In  order  to  partly  transform  the  CO  into  COf :  CO  +  n,0  ==  CO"i  -f-  H,  (for  per- 
centage composition,  ies  below). 

On  cooling,  this  gas  separates  the  excess  of  steam,  and  on  then  passing  it  over  calcium  hydroxide  the  COg  is 
absorbed,  leaving  almost  pure  hydrogen.  By  m^ns  of  his  apparatus  Fayes  produced  as  much  as  1200  cu.  metres 
of  hydrogen  per  twenty-four  hours  at  a  cost  of  about  }</.  per  cu.  metre,  exclusive  of  labour  and  the  cost  of  plant. 
This  method  was  fairly  successful  at  first,  but  was  abandoned  on  account  of  the  not  inconsiderable  technical 
difficulties  and  also  probably  on  account  of  the  presence  of  a  little  CO  in  the  resultant  gas.  The  method  was  only 
taken  up  again  about  the  year  1880,  first  by  G.  Hessel  in  Kilbum  (Eng.  Pat.  8584  of  1880),  then  by  G.  E.  Moore 
of  New  York  in  1886  (Ger.  Pat.  35,203  of  1886),  and  finally  by  Hembert  and  Henry  in  1886  with  a  very  ingenious 
arrangement  of  plant. 

In  the  latter  apparatus  the  superheated  steam  in  small  Jets  is  first  brought  into  contact  with  red-hot  coke  in 
the  first  retort ;  equal  volumes  of  CO  and  H,  are  thus  formed  and  are  passed  into  a  second  red-hot  retort  filled 
with  lumps  of  refractory  fireproof  stone,  and  the  reaction  is  completed  by  means  of  jets  of  superheated  steam 
HiO^-f  CO  «=  Hf  -f-  CO,.  The  gas  finally  contains  Hj  and  CO,  only.  Boulogne-sur-Seine  is'lighted  on  this  system. 
The^gas"  is'rendercd  luminous  by  placing  a  small  platinum  net  in  the  middle  of  the  flame,  as  had  been  proposed  by 
Oillard  in  1846.  This  gas  costs  aix>ut  lid.  per  cu.  metre. 

Aooording^  to  Eng.  Pat.  2523  of  1909  carbon  monoxide  may  be  economically  removed  from  water  gas  and 
replaced  by  hydrogen  by  pa.ssing  the  gas  mixed  with  steam  at  500*  into  a  hot  solution  containing  calcium 
hydroxide,  GaCO,  and  H«  being  thus  obtained.  CO  is  also  absorbed  by  the  liotQ 
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in  order  to  obtain  less  CO  is  advantageous  on  account  of  the  law  of  mass,  because,  given 
the  foUowing  systems  in  equilibrium,  the  following  reactions  are  possible  : 

(1)  C  +    H2O  =  CO    +  Hg  (3)    CO2  +    C     =  CO    +  CO 

(2)  C  +  2H2O  =  CO2  +  2H2  (4)    CO    +  H2O  =  CO2  +  H2 

The  simplest  and  most  economical  means  of  displacing  the  equilibrium  in  such  a  manner 
as  to  produce  less  CO  (1  and  3)  and  produce  more  hydrogen,  is  by  increasing  the  velocity 
df  the  reactions  (2)  and  (4),  that  is,  by  increasing  the  quantities  of  steam  or  by  removing 
the  CO2  as  was  actually  done  later.  It  is  not  necessary  to  deny  that  the  reaction  (1 )  occurs 
at  high  temperatures  with  absorption  of  heat  corresponding  to  133  Kj.  {=  31,800  cals.), 
and  that  reaction  (2)  occurs  at  lower  temperatures,  but  also  with  absorption  of  heat,  namely, 
of  91  Kj.  »  21,750  cals.  In  order  to  start  the  reaction  it  is  necessary  at  the  beginning  to 
supply  heat  by  means  of  superheated  steam  or  to  introduce  a  little  air  which  unites  with 
the  carbon  to  form  CO  and  thus  develops  heat. 

The  disadvantage  of  this  process  is  the  presence  of  a  larger  or  smaller  quantity  of  CO  ; 
excess  of  steam  is  eliminated  by  drying  the  gas  with  H2SO4 — 1  kilo  per  100  cu.  metres 
of  gas. 

The  elimination  of  CO  was  also  attempted  by  Bauer  (1887)  by  adding  iron  oxide  to  the 
fuel.     This  was  reduced  to  metallic  iron  partly  by  the  carbon  and  partly  by  the  CO. 

Pritschi  and  Beaufils  in  1887  proposed  the  absorption  of  the  CO  by  means  of  a  solution 
of  cuprous  chloride,  CU2C12,  which  was  then  recovered  by  liberating  the  absorbed  CO  in 
vacuo  (see  preceding  Note). 

A  vxUer  gas  obtained  by  the  interaction  of  steam  and  carbon  and  pmified  with  CaO 
only,  in  order  to  absorb  the  CO2,  gave  the  following  results  on  analysis  :  H  =  36  per  cent.  ; 
CO  =  51  per  cent.  ;  N  =  Tper  cent.  ;  CO2  =4  per  cent.  A  gas  of  this  kind,  on  account  of 
the  high  temperatures  produced  during  combustion  and  the  enormous  quantities  of  CO, 
cannot  be  used  for  illuminating  purposes.  In  certain  cates  the  CO  forms  40  per  cent,  and 
hydrogen  50  per  cent,  of  the  mixture. 

In  1893  the  firm  of  Krupp  of  Essen  (Ger.  Pat.  67,827  of  1893)  improved  the  process 
by  also  using  the  method  of  Tessi6  du  Motay  and  Marechal  (1868).  They  mixed  calcium 
oxide  with  the  fuel  so  that  the  CO2  was  at  once  fixed  as  fast  as  it  was  formed,  and  the 
production  of  CO  thus  prevented. 

Krupp  obtained  consideraTsle  advantages  by  mixing  the  fuel  with  carbonates  and 
hydroxides  of  the  alkalis  or  alkaline  earths  ;  in  this  way  a  gas  composed  of  H  and  CO2  only 
was  at  once  obtained  as  soon  as  the  action  of  the  steam  commenced  at  a  fairly  low  tempera- 
ture.    In  this  reaction  air  is  excluded  and  thus  no  nitrogen  is  present  in  the  resulting  gases. 

This  water  gas  is  not  poisonous  and  may  be  employed  directly  as  a  fuel  gas  and 
for  heating.  From  this  gas  pure  hydrogen  and  pure  CO2  may  be  obtained  if  desired  by 
liquefying  the  CO2  by  pressure  and  refrigeration. 

In  North  America  water  gas  has  been  advantageously  employed  instead  of  ordinary 
lighting  gas,  by  carburetting  it  with  light  petroleum  in  order  to  render  it  luminous,  as  had 
been  shown  by  Lowe,  helped  by  the  discoveries  of  Faraday,  who  had  shown*  that  the  flame 
of  methane  gas  may  be  rendered  luminous  by  passing  it  over  liquid  hydrocarbons.  Water 
gas  may  be  employed  with  great  advantage  to-day  by  rendering  it  luminous  by  means 
of  the  Auer  mantle  which  is  formed  of  oxides  of  zirconium,  thorium,  &c.,  which  easily 
become  incandescent,  emitting  a  very  white  light. 

In  other  cases  producer  gas  (air  gas,  Siemens  gas,  or  generator  gas)  is  used  for  heating 
and  power.  It  is  prepared  by  passing  a  current  of  air,  together  with  a  spray  of  water, 
over  an  excess  of  red-hot  carbon  in  such  a  manner  that  a  gas  containing  28  to  33  per  cent, 
of  carbon  monoxide,  very  little  hydrogen  (1-5  to  4  per  cent.),  0-8  to  4  per  cent,  of  CO2,  and 
62  to  64  per  cent,  of  N  is  obtained. 

Finally  suction  gas  or  Dawson  gas  may  be  prepared,  which  has  a  composition  intermediate 
between  that  of  the  two  gases  last  referred  to — about  30  per  cent,  of  carbon  monoxide 
and  15  per  cent,  of  hydrogen.  It  is  obtained  by  passing  a  current  of  superheated  steam, 
together  with  a  current  of  air,  over  red-hot  carbon.  Mond  gas  is,  in  general,  obtained 
from  peat,  &c.  {see  p.  326). 

It  has  been  our  desire  to  mention  these  gases  because  they  have 
effected  a  small  revolution  in  the  productioi^  of  energy,  and  in  many  cases 
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they  advantageously  displace  steam-engines  in  countries  where  fuel  is  dear,  as 
in  Italy. 

We  will  a]so  mention  another  gas  which  is  obtained  during  the  dry  dis- 
tillation of  wood  {Richi  gas).  This  industry  cannot  be  carried  on  unless  the 
secondary  products  which  result,  namely,  methyl  alcohol,  acetic  acid,  tar, 
wood  charcoal,  &c.  {see  vol.  ii,  "  Organic  Chemistry"),  are  rationally  utilised. 
Bich6  gas  is  of  varying  composition,  but  often  contains  about  60  per  cent, 
of  COg,  25  per  cent,  of  CO,  15  per  cent,  of  methane  and  a  very  small  quantity 
of  hydrogen. 

All  these  gases  are  employed  as  a  source  of  power  by  means  of  gas  motors. 
The  cost  of  a  h.p.-hour  obtained  from  these  varies  greatly  according  to  the 
size  of  the  motor,  and  may  oscillate  from  O-lSd.  to  0'4gJ.,  whilst  an  electric  h.p.- 
hour  costs  from  0'3d.  to  h2d.,  according  to  the  locality,  and  a  h.p.-hour 
obtained  by  steam  costs  from  'Sd,  to  l'5d,  and  even  more  according  to  the 
size  of  the  boiler  and  steam-engine.  A  h.p.-hour  can  sometimes  be  pro- 
duced with  800  litres  of  good  water  gas,  but  in  the  case  of  certain  other  gases 
3  cu.  metres  are  required.  The  calorific  intensity  of  these  gases  varies  from 
2600  to  3500  cals.  per  cubic  metre.  The  calorific  intensity  of  producer  gas  is 
sometimes  as  low  as  1000  cals.  per  cubic  metre. 

When  water  gas  is  carburetted  with  benzene,  &c.,  its  calorific  power  rises 
to  5000  cals.,  and  it  may  be  advantageously  mixed  with  illuminating  gas. 

CARBON  SUBOXIDE  :  CsOs,  the  constitution  of  which  is  probably :  OC  :  C  :  CO, 
was  first  obtained  by  Diels  and  Wolf  in  1906  by  decomposing  malonic  ester,  and  later  in 
1908  from  malonyl  chloride.  It  is  a  gas  of  disagreeable  odour,  which  liquefies  at  +  T^. 
It  yields. CO2  with  oxygen  on  heating.     With  cold  water  it  forms  malonic  acid : 

C3O2  +  2H2O  =  CH2(COOH)2. 

.  It  reacts  with  NH3  and  aniline  even  below  0°,  and  also  reacts  with  gaseous  HCl.  The  liquid 
is  transformed  in  a  few  days  into  an  amorphous  blackish-red  solid  mass  which  liberates 
a  qurntity  of  carbon  monoxide  at  37°.  Berthelot  appears  to  have  obtained  an  oxide, 
C4OS,  in  1876. 

NICKEL  TETR ACARBONYL  :  Ni(C0)4.  This  compound  was  obtained  by  L.  Mond 
in  1890  by  the  action  of  CO  gas  on  finely  divided  nickel  at  a  temperature  of  25°  to  30*^. 
The  CO  acts  as  a  diatomic  residue,  called  carbonyl.  Nickel  tetracarbonyl  is  a  colourless 
liquid,  very  refractive  to  light.  It  boils  at  43°  at  a  pressure  of  751  mm.  and  crystallises 
at  -25°.  Its  vapours  decompose  at  60°  with  explosion.  The  ferrocarhonyls  Fe(CO)4 
and  Fe(C0)5  are  also  known. 

CARBONYL  CHLORIDE :  COCI2  (phosgene  or  carbon  oxychloride).  As  seen  in  the 
preceding  compound  the  radical  CO  has  free  carbon  valencies  which  may  also  be  saturated 
with  chlorine.  Carbonyl  chloride  compound  is  obtained  by  the  direct  action  of  sunlight  on 
a  mixture  of  carbon  monoxide  and  chlorine  :  1  vol.  CO  +  1  vol.  C12  ■=  1  vol.  COCI2  ;  it  is 
also  obtained  by  passing  this  gaseous  mixture  over  red-hot  spongy  platinum,  or  more  easily 
over  animal  charcoal  (Patemb).  It  is  also  formed  from  CO  and  SbCls  as  the  latter  liberates 
two  atoms  of  chlorine  on  heating,  which  enter  into  reaction :  CO  +  SbCls  —  COCI2  +  SbClj. 
Since  1906  it  has  been  manufactured  by  the  process  of  Michalske  (U.S.  Pat.  808,100) 
by  heating  a  mixture  of  quicklime,  calcium  chloride  and  powdered  coke  in  the  electric 
furnace.     Calcium  carbide  remains  and  COCI2  i^  evolved  and  is  condensed  as  a  liquid  at  1\ 

It  is  a  colourless  gas  of  suffocating  odour.  At  7°  it  is  transformed  into  a  liquid  of 
sp.  gr.  1*432  ;  the  gas  is  soluble  in  benzene  and  in  acetic  acid.  It  is  readily  decomposed 
by  water :    COCI2  +  HgO  -=  2Ha  +  CO2 

It  is  employed  in  various  industries  for  the  manufactiure  of  organic  products,  especially 
of  aniline  colours.     It  is  sold  at  £1  Ss,  per  kilo  in  steel  cylinders. 

CARBONYL  NITRIDE  :  C0(N3)2.     This  compound  was  prepared  by  Curtius  in  1894, 

and  is  formed  of  divalent  carbonyl  saturated  with    two  residues    of   hydrazoic  acid : 

N  N 

••>N  -  CO  -  N<C"      It  is  a  crystalline  substance  which  is  very  volatile  and  rather 

N  N 

explosive. 
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CARBON  DISULPHIDE  :  CS. 

This  compound  is  formed  by  the  action  of  sulphur  vapour  on  red-hot  carbon ; 
the  vapours  of  carbon  djsulphide  then  condense  to  form  a  liquid  vhich  when 
pure  is  almost  colourless,  has  a  distinct  odour  and  is  very  mobile  and  refractive. 
It  has  a  specific  gravity  of  1-262  at  20°,  and  boils  at  46-5°.  It- is  insoluble 
in  water,  but  dissolves  in  all  proportions  in  alcohol  and  ether  and  is  also  soluble 
in  oil  to  the  extent  of  60  per  cent.  It  is  an  endothermic  compound  : 
C  +  S  =  CSj  —  5-3  Kj.,  and  is  therefore  only  formed  on  heating.  It  easily 
catches  fire  and  bums  with  a  bluish  flame : 

1  vol.  CS,  (vapour)  +  3  vol.  Og  =  1  vol.  CO,  +  2  vol.  SO,. 

The  vapour  of  CS,  also  bums  in  an  atmosphere  of  nitric  oxide  with  an 
intense  bluish-white  flame  very  rich  in  actinic  rays.  It  is  a  very  good  solvent 
for  iodine,  with  which  it  gives  a  violet  solution,  for  sulphur,  phosphorus  and 
india-rubber,  and  also  for  many  fats.  Carbon  disulphide  vapour  is  harmful  to 
the  system,  and  if  inspired  often  produces  fatal  cases  of  poisoning. 


Fio.  167. 

INDUSTRIAL  MANUFACTURE.  In  certain  localities  iron,  aiiic,  or  antimony 
Bulphidea  are  mixed  with  carbon  and  himted.  but  the  largest  quantltieti  of  carbon  disulphide 
are  prepared  by  heating  sulphur  directly  with  carbon.  The  first  important  industrial 
plant  was  devised  by  Deiss,  and  wliilst  CSj  still  cost  £2  per  kilo  in  1840,  in  1848  Deitw  pre- 
pared it  at  6«.  4d.  per  kilo,  and  the  price  dusci^nded  later  to  5d.  per  kilo.  Doise'  apparatUH 
was  oft«n  modified,  and  the  arrangement  most  UH«d  to-day  is  that  of  Singer  (Fig.  167). 
A  cast-iron  retort,  A,  1-7  metrca  high,  the  walla  of  which  arc  6  to  7J  cm.  thick,  is  filled 
with  gas  coke  or  beechwood  charcoal,  and  heated  in  a  furnace  with  double  walls,'  between 
which  the  furnace  gases  circulate. 

The  sulphur  is  melted  apart  in  the  pan,  c'.  and  is  allowed  to  slowly  drop  into  the  lower 
tube.  Jf,  of  the  retort.  It  then  evaporates  and  pastes  through  the  carbon  which  is  heated 
to  dull  redneas,  forming  vapour  of  carbon  disulphide  mixed  with  siJphur  vapour  and  a  tew 
other  impurities,  euch  aa  (X),,  HjS,  fte.  In  the  delivery  tube,  /,  which  is  slightly  inclined, 
a  great  part  of  the  sulphur  condenses  and  runs  back  to  the  bottom  of  the  retort  through 
the  tube,  if.     The  remaining  sulphur  vapours  are  deposited  and  condensed  in  the  vessel,  P. 

The  carbon  disulphide  vapours  are  condensed,  on  the  other  hand,  in  a  condenser,  Q, 
which  is  about   9   metres   long,  and    round  which  cold  water  passes.     The  liquid  CSj 

■  Th*  waOi  of  Uw  rtlort  «re  mtar  to  thick  b«c»iwc  ■  portion  ot  the  Iron  l>  «tt»rli(!<l.  It  in  fonnd  Ihit  In  ■ 
RtOTt  nlghlng  1600  klkw  SO  tow  ot  CS,  nwy  be  producrd.  II.  hoitEver.  tbt  tumue  l>  tadlr  Gomtntcled  or  Uh 
cut  tnm  ol  the  retort  In  of  poor  quality,  it  B»y  bwonie  rarroded  ip  ■  lew  days.    Betorta  weighing  4  ton*  iMt  idx 
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accumulates  In  the  vessel,  8,  and  continuously  passes  into  the  reservoir,  U,  from  which  it 
is  forced  by  air  pressure  into  large  settling  tanks.  The  miscellaneous  gases,  especially 
H2S,  which  are  mixed  with  the  GS2  are  not  condensed  in  the  vessel,  8,  but  bubble  through 
the  tube,  5y,  into  oil,  which  extracts  the  remaining  CS2  vapours.  They  then  pass  through 
the  purifier,  pr,consisting  of  several  trays  over  which  oil  from  the  reservoir,  x,  runs.  This 
oil  removes  the  last  traces  of  CS2,  and  is  collected  in  the  reservoir,  Y,  The  gases  which 
escape  from  the  purifier  are  then  passed  through  solutions  of  alkali  or  ferrous  sulphate 
in  order  to  absorb  the  H2S.  Laming's  material  may  also'  be  used  for  this  purpose  as  in 
gasworks.  Various  more  perfect  systems  of  condensation  for  the  CJSo  vapours  have  been 
proposed  and  reduce  the  losses  to  a  minimum. 

If  the  operation  is  well  conducted  90  per  cent,  of  sulphur  is  transformed  into  CS2. 
The  crude  carbon  disulphide  contains  in  solution  8  to  10  per  cent,  of  sulphur  and  certain 
gaseous  impurities  which  are  not  separated  by  direct  distillation.  It  is,  therefore,  first 
shaken  with  lime  water  and  then  placed  in  a  still  together  with  1  per  cent,  of  oil,  a  little  water, 
and  a  little  lead  acetate.  It  is  then  distilled  from  a  water-bath.  Fairly  pure  CS2  is  thus 
obtained  and  may  be  further  purified  by  distillation. 

In  America  much  carbon  disulphide  is  to-day  prepared  by  the  process  of  Taylor 
(U.Si  Pat.  688,364  and  Ger.  Pat.  706,128  of  1902)  in  a  special  electric  furnace  in  which  the 
carbon  and  sulphur  are  heated  to  high  temperatures.  These  furnaces  fa^ve  been  constructed 
to  yield  12  tons  of  carbon  disulphide  per  twenty-four  hours,  usihg  400  h.p.,  and  the 
most  suitable  form  has  been  shown  to  be  that  with  a  very  large  diameter  equ^l  to  half 
the  height.     1 

USES  OF  CS2.  Until  1850  this  body  was  only  employed  industrially 
for  vulcanising  and  dissolving  india-rubber,  but  its  use  as  a  solvent  has  now 
greatly  extended  in  many  industries.  Attempts  have  been  made  to  use  it  for 
the  extraction  of  sulphur  from  poor  ores.  It  is  used  for  extracting  aromatic 
oils  from  drugs.  It  is  also  used  in  large  quantities  for  the  extraction  of  oil 
from  seeds  and  from  oily  seed  residues  and  rags.  It  is  also  used  for  degreasing 
vegetable  and  animal  residues,  such  as  rags,  bones,  meat,  hides,  wool,  &c. 
It  is  used  for  preparing  solutions  6f  wax  for  coating  plaster  casts  and  for  the 
preparation  of  wax  paper.  It  is  also  used  for  dissolving  out  tlie  tar  from  many 
industrial  by-products,  for  preparing  various  chemical  products,  for  making 
Greek  fire  (phosphorus  dissolved  in  CSj),  for  killing  insect  pests,  and;  more 
especially,  in  large  quantities,  for  destroying  phylloxera  in  vineyards  by  injecting 
it  into  the  earth  with  suitable  pumps.  Large  quantities  are,  hqwqyer,  lost  in 
this  way,  even  if  it  is  used  as  a  5  per  cent,  emulsion  in  water,  on  account  of  its 
great  volatility.  To-day  it  is  almost  entirely  replaced  with  advantage  for  this 
purpose  by  potassium  trithiocarbonate  {see  Part  HI).  In- 1906  it  was  used 
with  good  results  for  destroying  the  nematodes  which  attack  beetroot. 

In  France  about  550  tons  of  carbon  disulphide  were  produced  in  1900, 
and  650  tons  in  Germany  ;   Hungary  produced  2760  tons  in  1905. 

In  Italy  2000  tons  of  carbon  disulphide  were  produced  in  1903  of  the  value 
of  £22,760'^(£11  Us.  per  ton) ;  2306  tons  in  1905,  valued  at  £27,600 ;  2256  tons 
in  1906,  and  3560  tons  in  1907  ;  the  exports  were  317  tons  in  1904,  337  tons  in 
1906,  782  tons  in  1907,  and  1075  tons  in  1908. 

Its  market  price  is  about  £16  per  ton,  although  during  certain  years  it  was 
often  sold  at  £12.  It  is  placed  on  the  market  in  sheet-iron  vessels  and  is  earried 
as  inflammable  goods. 

CARBON  MONOSULPHIDE,  CS,  was  prepared  by  Dewar  and  Jones  in  1910  by 
acting  on  nickel   tctracarbonyl  with  thiophosgene  in   the  cold : 

CSCI2  +  Ni(C0)4  =  NiOa  +  4C0  +  CS. 
This  sulphide  polymerises  to  an  amorphous  blackish-brown  mass  which  dissolves  slightly 
in  phenol  and  in  carbon  disulphide  with  a  brown  colour.  It  has  a  specific  gravity  of  1-6, 
is  unchanged  at  360°  and  forms  CS2  and  carbon  at  a  rod  heat.  It  dissolves  in  strong 
sulphuric  acid  to  a  purpI6" solution  and  is  regenerated  unchanged  on  dilution  \nth  water, 
It  also  dissolves  in  aJkalis  and  is  generated  on  addition  of  aoids* 
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TRITHIOCARBONIC  ACID  :  CSgjj.     This  compound  is  easily  obtained  in  the  form 

of  potassium  trithiocarbonate,  by  dissolving  potassium  sulphide  in   carbon  disulphide, 

— SK 
CS2  +  KjjS  =  CS«^  ;  this  salt  is  used  for  destroying  phylloxera  {see  Part  III,  Potassium 

Salts).  The  acid  is  liberated  by  HCl  and  forms  a  reddish-brown  and  somewhat  unstable 
oil.  It  may  be  considered  to  be  derived  from  carbonic  acid  by  imagining  all  the  oxygen 
replaced  by  sulphur. 

CARBON  OXYSULFHIDE  :  COS.  This  compound  is  obtained  in  small  quantities 
by  passing  a  current  of  sulphur  vapours  and  (X)  through  a  red-hot  tube.  It  is  prepared 
more  easily  by  the  action  of  dilute  sulphuric  acid  on  potassium  sulphocyanide  CNSK. 
It  is  a  colourless  gas  of  similar  odour  to  hydrogen  sulphide  adid  is  found  free  in  certain 
sulphuretted  waters.  It  dissolves  in  an  equal  volume  of  water  and  slowly  decomposes  : 
COS  +  HgO  -=  CO2  +  SH2.    It  bums  easily,  forming  SOg  and  COj. 

CYANOGEN  COMPOUNDS.  These  are  compoiuids  of  carbon  with  nitrogen  which 
are  always  formed  when  nitrogenous  organic  compounds  are  heated  with  potassium 
hydroxide. 

Potassium  cyanide. is  first  obtained,  from  which  potassium  ferrocyanide,  K4Fe(CN)e 
(yellow  potassium  prussiate),  is  formed  with  ferrous  oxide. 

AH  these  cyanogen  compounds  contain  the  characteristic  ON  group,  called  cyanogen, 
which  acts  as  a  monovalent*  radical.  From  potassium  cyanide  and  ferrocyanide  all  the 
numerouB  other  cyanogen  compounds,  which  are  studied  in  organic  chemistry,  are 
formed.  , 

HYDROCYANIC  ACID  :  HCN  (prussic  acid)  is  the  acid  corresponding  to  potassium 
cyanide.  It  is  a  colourless  liquid  which  boils  at  27°,  and  is  obtained  by  distilling  a  con* 
centrated  solution  of  potassium  cyanide  or  potassium  ferrocyanide  with  dilute  sulphuric 
acid  (with  strong  sulphiuric  acid  CO  would  be  formed).  Both  hydrocyanic  acid  and  its 
salts  ate  among  the  most  powerful  poisons  known,  with  the  exception  of  the  ferrocyanides, 
which  are  not  poisonous  at  all.     HCN  is  an  endothermic  compoujid. 

Other  cyanogen  compounds  are  described  in  the  chapter  on  Iron,  and  also  among 
the  organic  compounds  in  vol.  ii  of  this  work  ("  Organic  Chemistry  "). 

SILICON  COMPOUNDS 

-  SILICON  HYDRIDE  :  SiH4  (Silicomethane).  This  compoimd  is  formed  on  dissolving 
an  alloy  of  magnesium  and  silicon  in  hydrochloric  acid.  The  alloy  is  obtained  by  heating 
I  part  of  powdered  quartz  with  1  *5  parts  of  magnesium  powder.  Thus  the  gas  is  obtained 
in  an  analogous  manner  to  AsHs  and  SbHa  which  are  obtained  from  an  alloy  of  As  or  Sb 
^-ith  zinc : 

Si  -I-  Mg2  +  4Ha  =  SiH4  +  2MgCl2. 

Silicon  hydride  is  evolved  mixed  with  hydrogen  and  catches  fire  in  the  air  because  it 
contains  small  traces  of  silicoethane,  Si2He,  and  forms  H2O  and  Si02  in  the  form  of  smoke 
rings  in  the  sanle  manner  as  PH3.  It  is  also  obtained  by  the  electrolysis  of  various  chlorides, 
employing  an  aluminium  cathode  containing  silicon.  It  may  be  obtained  free  from 
hydrogen  from  various  organic  silicon  compounds,  for  example,  by  heating  the  triethyl 
ester-  of  silicoformic  acid,  SiH(OC2H6)3,  and  then  only  catches  fire  on  heating.  It  liquefies 
at  —1°  under  100  atmospheres  pressure.  It  combines  with  chlorine  with  formation 
of  flame.  If  it  is  passed  into  a  glass  tube  and  lit  at  the  end,  a  brown  spot  of  amorphous 
silicon  is  obtained  on  introducing  a  cold  porcelain  surface  into  the  flame  ;  also  if  the 
glass  tube  is  heated  at  any  point  a  brown  mirror  of  silicon  is  obtained  analogous  to  that 
which  is  obtained  with  As  and  Sb,  showing  the  ease  with  which  it  is  decomposed  into 
Si  and  H4.     With  solutionis  of  alkali  hydroxides  it  forms  alkali  silicates : 

SiH*  +  2NaOH  +  H2O  =  4H2  +  SiOsNag. 

SILICON  TETRACHLORIDE  :  SiC^.  This  compoimd  is  obtained  on  passing  a  current 
ot  dry  chlorine  over  silicon  and  heating  to  300°,  or  over  magnesium  silicide,  or  more  easily 
over  a  red-hot  mixture  of  Si02  and  carbon  :  Si02  +  2C  +  2CI2  =  2C0  -I-  SiCl4.  A  little 
Silicon  Hexachloride,  Si2C9e,  is  always  formed  at  the  same  time 
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Silicon  chloride  formed  in  this  manner  distils  as  a  colourless  liquid  of  sp.  gr.  1-52; 
it  boils  at  59*5^.  It  fumes  in  the  air  and  is  easily  decomposed  by  water  into  hydrochloric 
acid  and  silicic  acid :  SiCl4  +  4H2O  =  Si04H4  +  4HC1,  whilst  the  chlorides  of  carbon  are 
stable  in  contact  with  water. 

Since  silicon  chloride  evaporates  without  alteration,  the  atomic  weight  of  silicon  may 
be  deduced  indirectly  from  its  density  and  percentage  composition. 

Silicon  Oacychloride  :  SisOCl^,  that  is,  CI3  ^  Si .O.Si  ^ Cls,  is  also  known,  and  so  is 
a  compound  analogous  to  chloroform,  CHCI),  namely,  Silicochloroform,  SiHds,  which  is 
a  liquid  boiling  at  34°,  and  is  obtained  by  the  action  of  silicon  hydride  on  phosphorus  or 
antimony  pentachloride.  It  is  also  formed  together  with  SiCl4  on  heating  silicon  with  dry 
HCl.     In  contradistinction  to  ordinary  chloroform  it  is  decomposed  by  water. 

Silicon  Bromide  and  Iodide :  SiBr4  ;  Sil4.  These  substances  are  obtained  in  an 
analogous  manner  to  the  chloride  and  i)ossess  similar  properties.  The  bromide  is  a 
colourless  liquid ;  the  iodide  forms  colourless  octahedra.  Silicobfomofonn,  SiHBrj, 
Silico- iodoform,  SiHSs,  and  Silicon  Hezaiodide,  Si2ls,  are  also  known. 

SILICON  FLUORIDE  :  SiF4,  and  FLUOSILICIC  ACID  :  H^SiF..  The 
first  compound  is  obtained  on  heating  calcium  fluoride  mixed  with  silica  or 
silicates  (sand,  powdered  glass,  &c.)  with  sulphuric  acid ;  hydrofluoric  acid 
is  first  formed  and  immediately  reacts  with  the  silica  : 

SiO,  +  4HF  =  2H2O  +  SiF^. 

It  is  a  colourless  gas  which  fumes  strongly  in  the  air  and  has  a  pungent 
odour.  It  is  liquid  at  —  160^,  and  does  not  attack  glass  when  completely 
dry.  It  is  formed  in  large  quantities  during  the  manufacture  of  superphosphates, 
and  since  it  is  harmful  to  respiration  and  to  vegetation,  especially  to  mulberry 
trees,  these  works  to-day  recover  it  all  in  the  form  of  fluosilicic  acid  {see  Super- 
phosphates, Part  III).  It  is  characterised  by  the  fact  that  it  is  immediately 
decomposed  by  water,  forming  gelatinous  silicic  acid,  H4Si04,  and  fluosilicic 
acid,  HgSiFe,  which  remains  dissolved  in  the  water  : 

SSiF^  +  4H2O  =  SiO^H^  +  2H2SiF^. 

In  the  preparation  in  the  laboratory  of  fluosilicic  acid  the  mixture  of 
CaF2+Si02  +  H2SO4  is  heated  in  a  flask,  and  the  SiF4  gas  which  is  evolved  is 
passed  through  a  thin  layer  of  mercury  at  the  bottom  of  a  cylinder  of  water  so 
that  the  gelatinous  silicic  acid  which  is  formed  cannot  obstruct  the  delivery  tube. 
The  gelatinous  silicic  acid  is  then  collected  on  a  filter ;  the  filtrate  consists 
of  an  aqueous  solution  of  fluosilicic  acid  which  cannot  be  separated  unchanged 
because  on  evaporating  the  water  SiF4  escapes  and  a  solution  of  HF  remains. 
The  aqueous  solution  of  HgSiF^  behaves  like  a  halogen  acid.  It  dissolves  the 
metals  with  evolution  of  hydrogen  and  forms  salts  with  bases,  behaving  as  a 
dibasic  acid.  Barium  fluosilicate  is  insoluble  in  water.  Potassium  fluosilicate 
is  soluble  with  difficulty,  and  the  other  fluosilicates  are  almost  all  soluble. 

Silicon  fluoride  forms  a  hydrate,  HgSiFg  +  2H2O,  with  a  concentrated 
solution  of  HF,  which  is  obtained  solid  and  melts  at  19°. 

Fluosilicic  acid  does  not  attack  glass  and  is  used  for  hardening  pastes  of 
plaster  of  Paris  or  cement,  perhaps  because  it  forms  calcium  fluoride  and 
separates  SiOs.  It  has  a  powerful  antiseptic  and  anticryptogamic  action,  and 
is  used  for  preserving  wood  and  oil  pigments. 

Solutions  of  fluosilicic  acid  of  20°  B6.  cost  about  £18  per  ton,  and  sodium 
fluosilicate  costs  about  £26. 

SILICON  CARBIDE  :  SiC,  ordinarily  called  Carborundum.  This  substance  was  acci- 
dentally  obtained  by  Acheson  whilst  endeavouring  under  Edison's  advice  to  prepare 
artificial  diamond  by  dissolving  carbon  in  fused  aluminium  silicate  at  very  high  temperatures 
in  the  electric  furnace.  He  actually  produced  cckrbon  sUicide  which  was  studied  in  1892-94 
by  Miihlhauser,  who  determined  its  composition.  It  is  now  known  that  the  temperature 
of  formation  of  carbonmdum  is  from  1920°  to  1980°  and  that  its  decomposition  into  graphite 
and  silicon  {see  p.  360)  occurs  at  2220°.     It  is  to-day  prepared  in  large  electric  furnaces 
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.t  3500^  from  a  mixture  of  3  tons  of  powdered  coke,  6  tons  of  siliceous  sand,  and  1  -5  tons 
>f  sodium  chloride  which  is  used  as  a  flux  :  Si02  +  3C  -•  2C0  +  SiC.  The  silica  is  then 
liminated  with  a  hoiling  mixture  of  nitric  and  hydrofluoric  acids.  A  crystalline  mass 
emains,  of  greenish-blue  colour,  which  is  extremely  hard,  only  slightly  softer  than 
liamond,  and  in  the  form  of  powder  and  of  grindstones  it  has  advantageously  replaced 
mery  for  all  polishing  purposes.  Scarcely  any  solvents  dissolve  it,  but  it  is  attacked  by 
used  soA^m  hydroxide  or  sodium  carbonate. 

As  it  is  very  resistant  to  high  temperatures  and  a  better  conductor  of  heat  than  many 
ither  substances,  endeavours  have  been  made  to  utilise  it  as  a  refractory  material  or 
or  ingot  moulds  for  molten  aluminium,  more  especially  as  it  is  not  altered  by  groat 
'-ariations  of  temperature.  Since,  however,  it  is  still  very  dear,  it  is  only  used  to-day  in 
he  form  of  a  cement  or  varnish  for  coating  the  ordinary  refractory  materials. 

In  1905  BoUing  prepared  a  product  similar  to  carborundum  which  is  called  silundum 
knd  is  used  for  the  preparation  of  electrodes.  It  is  formed  of  carbon  which  is  combined 
irith  silicon  vapour  at  a  temperature  of  1800°  to  1900^  Thus  on  placing  pieces  of  carbon 
haped  into  any  desired  form  in  the  electric  furnace  and  covering  them  with  silicon  carbide 
knd  silica,  at  1900°  silicon  is  transformed  into  vapour  and  penetrates  all  the  pores  of 
he  carbon  combining  with  it  and  also  depositing  in  it.  A  compact  non-porous  mass  of 
(uitable  form  results  which  conducts  the  electric  current  and  transforms  it  into  thermal 
energy  at  the  highest  temperatures,  for  which  platinum  can  no  longer  be  used.  It  offers 
^ater  resistance  than  carbon  to  the  passage  of  the  current.  Perhaps  it  will  also  be 
ippKed  for  electric  heating  for  domestic  purposes. 

In  1903  the  production  of  carborundum  at  Niagara  was  2370  tons  and  in  1904  it  rose 
:o  3500  tons  of  the  value  of  £140,000.  In  Italy  in  1905  850  tons  were  produced,  and  in  1906 
ibout  1100  tons  of  the  value  of  £13,520. 

Carborundum  containing  68*3  per  cent,  of  silicon  costs  about  £64  per  ton,  and 
k^hen  powdered  it  costs  as  much  as  2«.  per  kilo  and  in  large  quantities  9|<f.  per  kilo. 
VVhen  spread  on  sheets  of  paper  it  costs  Is,  2d,  per  100  sheets  and  on  sheets  of  linen 
i2s.  lOd. 

CALCIUM  SILICIDE  ;  CaSi^,  is  used  for  reducing  and  desulphurising  metals.  It  is 
>btained  by  heating  the  following  mixture  in  the  electric  furnace :  64  part?  of  calcium 
arbide,  120  parts  of  silica,  and  24  parts  of  coal :  CaCs  +  ^^iOs  -h  20  »  4CQ  +CaSi2 
Ger.  Pat.  206,785). 

IRON  SILICIDE  or  FERROSILICON.    See  chapter  on  Iron.     ^ 

SILICON  DIOXIDE :  SiO,  (SILICIC  ANHYDRIDE,  SILICA) 

Until  a  short  time  ago  this  compound  was  the  only  one  known  of  silicon  and 
)xygen ;  now,  however,  a  monoxide  of  silicon,  SiO,  has  also  been  prepared. 
Che  dioxide  is  found  abundantly  in  nature  in  the  form  of  quartz  or  rock  crystal 
ind  of  fiinl.  Quartz  is  often  pure  silicon  dioxide  and  crystallises  in  hexagonal 
)ri8]iis  and  pyramids.  It  is  generally  almost  colourless,  but  is  called  by  various 
Lames  according  to  the  colour  produced  by  various  impurities.  In  the  state 
>t  amorphous  hydrates  (SiOj.nHjO)  it  is  found  in  various  minerals,  such  as 
\gale,  chalcedony,  flint,  &c.  In  the  form  of  silicates  it  forms  entire  mountain 
anges. 

Amorphous  sDica  is  formed  artificially  by  heating  amorphous  silicon  in 
oxygen  or  air,  or  by  heating  silicic  acid.  It  then  forms  a  white  amorphous 
K>wder  of  sp.  gr.  2-2,  which  melts  at  very  high  temperatures  in  the  oxyhydrogen 
lame  and  may  be  volatilised  at  the  temperature  of  the  electric  arc. 

It  is  insoluble  in  water  and  in  all  acids  excepting  hydrofluoric  acid,  which 
ransforms  it  into  silicon  fluoride,  SiF4,  and  then  into  fluosilicic  acid.  At  high 
emperatures  it  is  partially  reduced  by  sodium  and  potassium  to  silicon.  This 
eduction  occurs  more  easily  with  magnesium  and  aluminium  : 

SiO^  +  Mgj  =  Si  +  2MgO. 

Whilst  natural  silica  dissolves  in  hot  solutions  of  sodium  hydroxide  when 
a  a  state  of  extremely  fine  division  only,  artificial  silica  dissolves  much  more 
Badily.    All  the  varieties  of  silica  are  transformed  into  a  glassy  mass,  soluble 


400  INORGANIC    CHEMISTRY 

in  water,  called  aoltible  glass,  by  fusion  with  the  alkali  hydroxides  or  carbonat-es. 
This  substance  consists  of  alkali  silicates,  Na4Si04  and  NajSiOs. 

Certain  forms  of  apparatus  are  to-day  made  of  quartz,  for  instance,  crucibles, 
flasks,  and  thermometers  in  which  the  mercury  is  replaced  by  tin,  &c.,  because 
they  are  very  resistant  to  extremely  high  temperatures,  up  to  1600**,  and  to 
abrupt  temperature  changes.  When  such  bodies  are  heated  to  redness  they 
may  be  immediately  immersed  in  water  or  even  in  liquid  air  without  breaking, 
owing  to  the  very  small  coefficient  of  dilatation  of  the  quartz.  In  preparing 
such  apparatus  the  quartz  is  melted  in  iridium  vessels  heated  with  a  8txx>ng 
oxyhydrogen  or  oxyacetylene  flame  to  1850°  to  2000°.  Such  apparatus  costs 
as  much  as  platinum  apparatus.  (The  price  has  recently  been  much  reduced. — 
TrafislcUor's  note.) 

More  economical  forms  of  quartz  apparatus  are  obtained  by  heating  the 
powdered  quartz  until  it  becomes  soft  and  the  particles  adhere  to  one  another. 
The  articles  thus  formed  are  not  transparent  and  are  glazed  on  the  surface 
with  the  oxyacetyJene  flame. 

Much'  quartz  is  used  in  the  manufacture  of  glass,  porcelain,  sodium  sih- 
cate,  &c.    For  such  uses  the  price  varies  from  I4s.  to  £1  4s.  per  ton. 

The  cheaper  quartz  articles  for  laboratories  cost  four  or  five  times  more 
than  similar  articles  of  the  best  porcelain.  It  is  found  that  during  its  use, 
for  instance,  for  large  vessels  for  the  concentration  of  acids,  very  fine  cracks 
are  formed  which  slowly  allow  the  acid  to  escape.  This  industry  is  still  in  its 
youth  and  further  improvements  will  certainly  take  place. 

SILICON  MONOXIDE  :  SiO.  hi  1907  H.  N.  Potter  reported  that  be  had  obtaint^ 
this  compound  in  the  electric  furnace  according  to  the  reaction  SiOg  +  C  «=  SiO  +  CO, 
or  2Si02  +  SiC  =  3SiO  +  CO.  Up  to  the  present,  however,  it  is  •  not  very  easy  to 
distinguish  chemically  and  physically  between  SiO  and  Si02. 

SILICIC  ACID :  H.SiO,  (ORTHOSILICIC  ACID) 

The  soluble  alkali  silicates  when  treated  with  hydrochlorio  acid  separate 
a  gelatinous  mass  of  orthosilicic  acid  of  the  same  character  as  that  obtained 
with  silicon  fluoride  and  water  : 

Na  48104  +  4HC1  =  4Naa  +  SiCOH)^. 

This  normal  silicic  acid,  when  washed  and  dried  in  the  air,  Joses  one  molecule 
of  water  and  is  transformed  into  amorphous  metasilicic  acid,  SiOaHj,  which  on 
heating  to  redness  loses  a  further  molecule  of  water,  leaving  silicon  dioxide, 
SiOj. 

Since  gelatinous  silicic  acid  is  slightly  soluble  in  water,  in  dilute  hydrochloric 
acid,  and  in  soda,  if  a  little  sodium  silicate  is  poured  into  dilute  hydrochloric  1 
acid,  gelatinous  silicic  acid  is  not  separated  but  remains  in  solution  together  with 
the  NaCl  which  is  formed  and  the  excess  of  HCl.  In  order  to  separate  the 
aqueous  solution  of  NaCl  and  HCl  from  the  silicic  acid,  a  dialyser  is  employed, 
using  the  osmotic  phenomenon  studied  by  Graham  {see  p.  102).    .  I 

Numerous  polysilicic  acids  are  known,  corresponding  to  salts  or  to  natural  j 
silicates,  and  they  may  be  supposed  to  be  formed  by  the  condensation  of  tw  o  j 
or  more  molecules  of  silicic  acid  with  simultaneous  loss  of  one  or  more  mole- 
cules of  water.  All  these  acids  may  be  derived  from  the  general  formula, ! 
mSi(0H)4  —  nHgO,  where  m  indicates  the  number  of  molecules  of  orthosilicic  i 
acid  which  condense  with  separation  of  n  molecules  of  water.  1 

It  is  these  polysilicates  or  polysilicic  acids  which  actually  exist  in  opal,  1 
agate,  chalcedony,  amethyst,  &c. ;    on*  heating  to  redness  these  substance's 
lose  5  to  16  per  cent,  of  water.  i 

The    more    widely   diffused   corresponding   higher   acids    are :      HjSi^O., 
H4Si303,  H^ijO^,  H4Si40io,  &c. 
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SILICON  DISULPHIDE :  SiSs.  This  compound  is  obtained  in  an  analogous  manner 
to  CS2  by  passing  sulphur  vapours  over  hot  amorphous  silicon  or  by  passing  carbon 
disulphide  vapours  over  a  red-hot  mixture  of  Si02  and  carbon. 

It  is  a  solid  substance  which  sublimes  in  the  form  of  white  silky  needles,  and  is 
decomposed  by  water  into  silicic  acid  and  HgS. 

A  SILICON  NITRIDE,  Si2N3,  is  also  known  and  is  formed  by  passing  dry  nitrogen  over 
red-hot  amorphous  silicon. 

TITANIUM  :  Ti,  48.1  ;    ZIRCONIUM  :   Zr,  90.6  ; 

THORIUM :  Th,  232.42 

These  three  elements  belong  to  the  group  of  the  rare  elements  ;  they  have 
the  same  analogy  to  the  group  of  carbon  and  silicon  as  vanadium,  coliimbium, 
and  tantalum  have  to  the  elements  of  the  phosphorus  group. 

They  are  also  analogous  to  tin ;  thus  they  also  form  basic  compounds 
which  are  the  more  basic  the  higher  thdr  atomic  weight.  These  compounds 
react  with  acids,  forming  fairly  stable  salts.  They  are  tetravalent  elements, 
and  form  compounds  of  the  type,  MX4,  whilst  none  of  the  type  MXj  are  known, 
though  such  have  been  studied  in  the  case  of  tin. 

In  the  group  of  the  rare  earths,  Urbain  in  1909  was  able  to  detect  the  presence 
of  at  least  16  rare  elements,  samarium,  europium,  gadolinium,  neodymium, 
praseodymium,  terbium,  dysprosium,  holmium,  &c. 

TITANIUM:  Ti,  48.1 

This  is  a  rather  rare  element  which  is  found  in  certain  minerals  such  as  ru^t'/e,  anatcuB 
and  brookite,  which  contain  titanium  dioxide,Ti02  ;  perowahUe  contains  calcium  titanate, 
and  ferrous  titanate,  FeTiOs,  is  also  known. 

Titanium  was  first  obtained  in  the  free  state  by  Berzelius.  It  was  recognised  and 
studied  as  a  simple  element  by  Wohler,  who  obtained  it  by  heating  potassium  fluotitanate 
TiFgK^y  with  potassium.  It  is  obtained  to-day  from  its  oxide  by  heating  it  with  finely 
divided  alumimum.  In  1910  Hunter  obtained  it  in  the  pure  state  by  heating  titanous 
chloride  to  redness  in  a  closed  vessel  with  sodium.  It  forms  a  grey  metallic  powder  or  a 
metallic  mass  similar  to  steel,  which  is  fairly  hard  and  melts  with  difficulty,  but  may  be 
worked  at  a  red  heat.  It  decomposes  boiling  water  and  dissolves  in  HCl  or  H2SO4  with* 
c volution  of  hydrogen  in  the  same  manner  as  metals.  It  has  a  specific  gravity  of  4.50 
and  melts  between  1800°  sLnd  1850°.  It  bums  on  heating  in  the  air.  On  account  of  its 
affinity  for  oxygen  and  nitrogen  on  heating,  it  is  used  l>y  being  added  to  steel  in  propor- 
tions up  to  10  to  15  per  cent.,  by  which  means  the  metal  becomes  much  tougher  that 
ordinary  steel. 

Certain  titanium  compounds  are  used  in  the  dyeing  of  cotton  with  basic  colours  and  on 
tannin  mordant. 

TITANIC  CHLORIDE :  TiCl4.  This  is  formed  in  the  same  manner  as  SiCl4,  by 
heating  a  mixture  of  titanium  dioxide  and  carbon  to  redness  in  a  current  of  chlorine. 

It  is  a  colourless  liquid  which  boils  at  136°  and  fumes  in  the  air  forming  HCl  and 
titanic  acid.  Its  specific  gravity  is  1*76.  It  decomposes  with  water  into  metatitanic  acid, 
H^TiOj,  and  HCl. 

Ti2Cl4  and  TisCle  are  also  known,  and  so  is  fiuotitanic  acid,  HsTiFe,  and  the  corre- 
sponding salts, 

TITANIUM  DIOXIDE  :  TiOg.  This  compound  is  obtained  by  heating  the  acid  or 
hydroxide  to  redness.  It  is  a  white  amorphous  powder  which  is  found  crystalline  in  nature 
as  nUile,  hrookite,  and  aruUase,  It  is  insoluble  in  acids  except  in  HF,  with  which  it  fcrms 
the  fluoride.  When  fused  with  alkalis  it  forms  titanates,  and  on  heating  with  gaseous 
ammonia  it  forms  titanium  nitride,  TiNg,  which  is  a  powder  of  an  intense  violet  colour. 
Titaniimi  cyanonitride,  Ti5CN4,  is  also  known,  being  formed  in  the  slag  of  blast  furnaces 
in  which  titaniferous  iron  ore  is  worked.  *  It  is  there  found  in  the  form  of  cubes  with  a 
coppery-red  metallic  lustre. 

TITANIUM  PEROXIDE :  TiO,.  This  is  obtained  from  solutions  of  titanic  acid 
with  hydrogen  peroxide  {see  p.  235). 

I  26 
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TITANIC  ACID  :  H4Ti04.  This  compound  is  obtained  in  the  iree  state  from  hydro- 
chloric acid  solutions  of  the  titanates  by  treating  them  with  ammonia.  When  dried  over 
sulphuric  acid  it  loses  1  mol.  of  water  forming  titanium  hydroxide,  TiOsHa*  which  may 
be  considered  as  a  mekUitanic  add,  because  it  forms  salts  with  energetic  bases  (K^T^Os  ; 
FeTiOs,  &;c.).  Polyacids  are  also  known.  But  these  compounds  of  titanium  may  also 
be  considered  as  hydroxides,  Ti(0H)4  and  TiO(OH)2,  because  they  have  basic  properties, 
and  therefore  also  form  salts  with  acids.     Thus  various  sulphates  are  known,  for  example: 

HOv  ,0H 

0  -  Ti  «  SO4  ;         \Ti  -  SO4  -  Ti:^       ,  &c. 

ZIRCONIUM :   Zr,  90.6 

This  element  is  rare  and  is  foimd  in  the  form  of  silicate,  ZrSi04  [zirccn).  It  is  obtained 
in  the  free  state  by  a  process  analogous  to  that  for  obtaining  titanium,  and  forms  a  black 
powder  which  bums  easily  ;  two  other  allotropic  forms  are  also  known,  one  crystalline 
atid  the  other  graphitic. 

The  ieiraMoridt  and  tetraflttoride  of  zirconium  are  known,  ZrCl4  and  ZrF4,  and  also 
zirconium  hydroxide,  Zr(0H)4,  which  is  obtained  by  precipitating  a  solution  of  its  salts 
with  strong  acids  by  NHs,  and  forms  a  voluminous  mass,  insoluble  in  alkaline  solutions. 
On  fusing  with  alkalis,  however,  aodium  metazirconcUe,  Na2ZrOs,  and  sodium  zircoitate^ 
Na4Zr04,  easily  decomposable  by  water,  are  formed.  The  basic  character  of  the  h3rdroxide 
is  shown  by  the  salt  which  is  obtained  with  sulphuric  acid,  Zr(S04)2.  On  heating  to 
redness  the  hydroxide  forms  zirconium  dioxide,  which  is  also  found  crystallised  in  nature, 
and  dissolves  in  hot  strong  sulphuric  acid  only,  forming  the  above-mentioned  sulphate ; 
on  fusing  with  alkalis  it  forms  alkali  zirconates  and  metassirconates,  mentioned  above. 

On  heating  the  oxide  to  redness  it  emits  a  very  intense  white  light  which  was  used 
for  preparing  the  first  incandescent  mantles  for  illumination.  It  is  now  also  used  for 
electric  lamps. 

THORIUM :  Th,  232.42 

Until  a  few  years  ago  very  little  of  this  element  had  been  found ;  to-day,  however, 
considerable  quantities  of  its  derivatives  are  produoed  for  the  preparation  of  the  Auer 
incandescent  mantles. 

It  was  first  extracted  from  thorite,  Si04Th.2£[20>  which  is  somewhat  rare,  although  it 
contains  52  per  cent,  of  thorium.  To-day  it  is  obtained  from  the  more  abundant  monazite. 
In  1906  a  very  important  monazite  deposit  was  discovered  in  the  Transvaal  containing  up 
to  13-5  per  cent,  of  thorium  oxide.  In  the  United  States  of  America  650  tons  of  monazite 
sand  were  produced  in  1905,  valued  at  £64,000 ;  but  in  1908  the  production  had  already 
fallen  to  200  tons,  whilst  300  tons  of  thorium  nitrate  were  imported.  Free  thorium  is  obtained 
by  heating  the  double  chloride  or  double  fluoride  of  thorium  and  potassium  with  metallic 
potassium  or  sodium.  It  forms  a  powder  of  metallic  lustre  of  sp.  gr.  11.  It  keeps  well 
in  the  air  up  to  temperatures  of  100°  to  120°,  but  on  heating  to  higher  temperatures  it 
bums  with  a  strong  light  producing  the  dioxide,  Th02,  ^^  called  thoria. 

The  oxide,  and  also  the  hydroxide,  Th(0H)4,  no  longer  possess  any  add  characteristics, 
as  they  do  not  dissolve  or  form  salts  with  the  alkalis,  whilst,  on  the  contrary,  ThOg  only 
dissolves  in  concentrated  acids  such  as  HCl,  H2SO4,  HNOa,  but  not  in  dilute  acids,  forming, 
for  example,  thorium  sulphate  (S04)2Th.9H20,  which  is  soluble  in  cold  but  insoluble  in 
hot  water.  Both  the  oxide  and  the  sulphate  are  isomorphous  with  the  oxide  and  sulphate 
of  uranium.     With  regard  to  the  radio-activity  of  thorium  minerals,  see  p.  121. 

THORIUM  NITRATE  is  the  salt  most  employed  in  the  manufacture  of  Auer  incan- 
descent mantles  and  has  the  formula  Th(N03)4  -f-  6H2O  when  crystallised  from  hot  solutions, 
but  it  sometimes  only  contains  5H2O,  whilst  from  cold  solutions  it  separates  with  I2H2O  ; 
these  cr3rstals  lose  8H2O  at  100°  and  a  nitrate  containing  4H2O  remains,  which  is  that 
commonly  placed  on  the  «iarket,  and  contains  47  to  49  per  cent,  of  Th02.  The  anhydrous 
nitrate  contains  55  per  cent,  of  Th02,  but  it  is  not  suitable  as  a  commercial  product,  because 
on  drying  and  heating  it  a  portion  may  be  decomposed.  On  heating  to  redness  it  is  completely 
decomposed  forming  the  oxide  Th02.  The  pure  nitrate  costs  about  £1  I2s.  per  kilo,  the 
oxide  costs  £40(7).     In  1894  the  nitrate  cost  £100  per  kilo  ;  in  1895  £26 ;  in  1896  £6  8«.; 
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in  1898  £2.  The  world's  consumption  of  thorium  salts  is  about  160  tons,  obtained  from 
2000  tons  of  monazite  which  contain  5  per  cent,  of  Th02  on  the  average. 

THORIUM  CHLORIDE  :  ThCl*.  This  compound  is  obtained  from  thorium  with 
HCl  gas.  It  melts  at  a  white  heat  and  then  sublimes  in  white  crystals.  It  is  soluble  in 
water  from  which  crystals  of  ThCl4,8H20  may  be  re-obtainod.  It  forms  double  salts  with 
other  chlorides. 

THORIUM  HYDROXIDE  :  Th(0H)4.  This  is  obtained  as  a  gelatinous  precipitate 
by  precipitating  soluble  thorium  salts  with  ammonia.  On  reheating  to  redness  it  forms  a 
mass  of  thorium  dioxide,  ThOg.    The  hydroxide,  Th0(0H)2,  is  not  known. 

RARE  EARTHS  FOR  INCANDESCENT  LIGHTING 

The  first  use  of  rare  earths  for  this  purpose  was  in  the  lime-light,  in  which  a  very 
vivid  white  light  is  obtained  by  heating  a  piece  of  calcium  oxide  in  the  oxy-hydrogen 
flam«,  but  the  quicklime  soon  crumbles  because  it  rapidly  absorbs  moisture  and  carbon 
dioxide  from  the  air. 

In  1880  Auer  von  Webbaoh  ^  utilised  the  property  of  thorium  oxide  of  emitting  an 
intense  white  light  at  a  lower  temperature  than  zircon  in  the  ordinary  Bimsen  gas 
flame. 

It  was  then  found  that  pure  thorium  dioxide  gives  a  less  intense  light  than  when  it 
contains  very  small  quantities  (1  to  2  per  cent.)  of  cerium  oxide,  which  fact  is  probably 
explained  by  the  catal3rtic  action  which  this  latter  compound  exercises  during  the  combustion 
of  the  gas,  which  it  accelerates  greatly,  since  the  temperature  is  higher  than  that  obtained 
by  ordinary  combustion,  and  thus  at  this  higher  temperature  the  thorium  oxide  emit-s 
more  light. 

Auer  prepared  a  netted  fabric  of  cotton  or  linen,  which  is  to-day  made  of  artificial 
silk,  and  formed  a  species  of  lengthened  cone  (mantle).  He  then  soaked  this  in  a  concen- 
trated solution  of  thorium  nitrate  containing  1  to  2  per  cent,  of  cerium  oxide,  allowed  it  to 
dry  and  then  burnt  away  the  cotton  fabric  ;  the  remaining  skeleton,  which  has  the  same 
form  as  the  fabric,  is  heated  to  redness  in  a  strong  Bunsen  flame,  using  compressed  gas. 
A  maximum  contraction  and  a  certain  consistency  are  thus  obtained,  which  are  still  further 
increased  by  immersing  the  mantle  in  an  ethyl  alcoholic  solution  of  collodium  and  then 
drying  it  in  suitable  chambers.  These  mantles  are  mounted  on  special  burners  of  ordinary 
gas  and  then  show  the  intense  incandescence  which  we  all  know.  Thorium  oxide  gives  a 
bluish-white  light ;  lanthanum  oxide  a  pure  white  light ;  3rttrium,  yellowish- white  ;  zircon, 
very  white  ;  cerium,  reddish-white.  By  using  different  mixtures  of  these  oxides  the  various 
lights  may  be  modified  or  corrected. 

The  original  source  used  for  obtaining  the  rare  earths  is  monazite,  of  which  large  deposits 
have  been  found  in  Brazil  and  North  Carolina,  and  these  discoveries  have  made  the  rapid 
spread  of  lighting  by  means  of  incandescent  burners  possible.  This  discovery  has  in  this  way 
saved  the  lighting  gas  industry  from  the  extremely  sharp  competition  of  the  electric  light, 
and  to-day  in  many  places  illumination  with  incandescent  gas  mantles  is  more  advantageous 
than  with  incandescent  electric  lamps,  or  in  some  oases  even  than  the  electric  arc. 

The  monazite,  which  is  largely  composed  of  phosphates  of  cerium,  didymium,  and  lan- 
thanum, contains  mixed  with  it  various  quantities  of  thorium  minerals.  The  analysis 
of  this  mixture  is,  up  to  28  per  cent,  of  cerium  oxide,  16  per  cent,  of  didymium  oxide, 
13  per  cent,  of  lanthanum  oxide,  26  per  cent,  of  phosphoric  acid,  5-5  per  cent,  of  alumina, 
and  3  per  cent,  of  titanic  acid. 

The  cerium  and  aluminium  are  separated  by  forming  the  corresponding  basic  sulphates, 
which  are  insoluble.  Didymium  and  lanthanum  remain  together  in  solution  and  are  trans- 
formed into  double  nitrates,  that  is,  nitrates  of  the  metal  and  ammonia.  The  separation 
of  all  these  elements  of  the  rare  earths  is  somewhat  complex,  but  is  performed  by  utilising 
the  inroperties  which  their  various  salts  (sulphates,  nitrates,  &c.)  have  of  being  more  or 
less  soluble  in  the  heat  or  in  the  cold,  and  of  certain  other  salts  (nitrates)  of  being  more  or 
less  resistant  to  heat.     The  purity  of  the  separate  salts  is  then  controlled  spectroscopically. 

>  BeneUns  had  already  obsen^ed  that  when  liicon  is  strongly  heated  much  light  is  emitted.  In  1868  Caron 
determined  the  luminous  intensity  of  the  light  at  the  temperature  of  the  oxy-hydrogen  flame,  and  then  Tessid  du 
Motay  at  once  attempted  the  first  application  of  this  light  by  employing  the  hydrogen  flame  in  order  to  render  sircon 
incaodeecent.  In  1886  Linnemann  prepared  small  discs  of  sircon  and  of  sireonia  adapted  for  incandescent  burners, 
and  W.  Kecks  discovered  methods  of  giving  any  desired  form  to  the  oxidr^. 
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Pictet  ha3  prepared  special  mantled  which  can  be  used  with  gas  mixed  with  oxygen,  and 
which  are  capable  of  resisting  the  highest  temperatures  up  to  about  3000°. 

During  the  last  few  years  Nemst  has  brought  out  a  new  electric  incandescent  lamp 
based  on  the  fact  that  a  filament  formed  of  magnesium  oxide  mixed  with  a  little  zirconia, 
thoria,  yttria,  &c.,  does  not  conduct  the  electric  current  in  the  cold,  but  passes  the  current 
when  gently  heated,  the  filament  then  becoming  incandescent. 

Electric  lamps  formed  with  very  fine  filaments  of  osmium  and  of  tantalum  have  recently 
been  introduced  in  practice  and  possess  great  advantages. 

In  1908  Italy  imported  898  kilos  of  salts  of  thorium,  cerium,  and  zirconium,  of  the  value 
of  £3512,  and  9567  kilos  of  incandescent  gas  mantles,  either  burnt  or  on  a  oollodium  basis, 
of  the  value  of  £9560.  The  world's  production  of  Auer  and  other  similar  mantles  is  stated 
to  have  been  220,000,000  mantles  in  1908,  of  which  about  100,000,000  came  from  Germany, 
55,000,000  from  America,  35,000,000  from  England  and  British  Colonies,  15,000,000  from 
France,  3,000,000  from  Austria,  2,500,000  from  Italy,  2,000,000  from  Belgium,  and 
1,500,000  from  Russia. 

In  1906  Germany  exported  Auer  mantles  to  the  value  of  £460,000.  Smaller  quantities 
are  exported  to-day  as  large  numbers  of  works  have  been  erected  in  almost  every  country. 
Mantles  of  very  poor  quality  at  very  low  prices  are  to-day  placed  on  the  market,  but 
the  price  is  always  disproportionate  to  the  value.  In  dealing  with  these  products  it 
would  be  advisable  always  to  determine  their  illuminating  value  by  means  of  photometric 
measurements. 

BORON :  B,  II 

This  is  a  substance  which  it  is  difficult  to  connect  with  the  other  groups  of 
elements.  It  has  many  resemblances  to  the  metals,  although  it  haa  decided 
non-metallic  properties.  Thus  its  oxy-compounds  have  an  acid  character. 
In  nature  it  is  found  in  a  state  of  combination  only,  as  boric  acid,  B(0H)3, 
sodium  tetraborate  (tinkdl),  'Na^Bfi^  +  lOHjO,  borocalcUCy  B407Ca,  of  which 
the  largest  deposit  has  recently  been  found  in  the  Argentine,  as  boractte, 
2(Mg8BgOi5)  +  MgClj,  at  Stassfurt,  as  larderdlite,  (NH4) .  B80i3.4H,0,  and  as 
colemanite,  CajBgOu.SHjO,  in  California. 

These  boron  compounds  are  employed  for  various  purposes,  such  as  in 
medicine,  in  connection  with  soldering,  in  the  preparation  of  fusible  enamels, 
glass,  earthenware,  &c. 

These  minerals  are  abundant  in  volcanic  territories,  such  aa  California, 
India,  Chili,  and  the  Argentine,  and  their  origin  is  explained  by  the  property, 
which  many  of  these  salts  which  accumulate  at  the  bottom  of  dried-up  seas 
possess,  of  being  easily  carried  through  the  strata  of  the  terrestrial  crust  by- 
means  of  steam.  Sea  water  contains  about  0-2  grm.  of  boron  per  cubic  metre. 
Boron  is  widely  diflFused  in  small  quantities  throughout  the  earth  and  is  thus 
found  in  the  ash  of  many  plants.  It  was  discovered  in  1807  simultaneously 
by  Davy  in  England  and  by  Gay-Lussac  and  Th^nard  in  France. 

Free  boron  is  obtained  by  reducing  boric  acid  or  borax  with  K,  Na,  Mg,  Al,  or  P  on 
heating.  Moissan  has  recently  obtained  it  in  the  electric  furnace.  It  forms  masses  of  a  red 
or  yellow  colour,  but  sometimes  colourless,  which  dissolve  in  molten  aluminium  and  gradu- 
ally separate  "  crystalline  boron  "  on  cooling  ;  this  was  obtained  long  ago  by  Wohler  and 
by  St.  Claire  Deville,  and  resembles  diamond  in  its  refractive  power,  hardness,  brilliance, 
resistance  to  heat  and  to  chemical  reagents.  Its  specific  gravity  is  2 '68.  "  Qystalline 
boron  "  is  more  stable  than  amorphous  boron  and  only  volatilises  at  the  temperature 
of  the  electric  furnace.  In  1909  Binet  de  Jassoneix  showed  that  "  crystalline  boron  " 
is  really  aluminium  boride,  AIB2,  which  sometimes  forms  mixed  crystals  with  aluminium 
carbide,  AI4C3.  Amorphous  boron  forms  a  brown  powder  which  when  finely  powdered 
ea.«iily  absorbs  gases  and  has  a  marked  catalytic  influence  on  various  reactions.  It  bums 
at  300°  with  a  green  light,  forming  B2O3  and  BN,  boron  nitride.  Crystalline  boron  is  not 
attacked  by  acids  and  by  dissolved  alkalis,  but  is  only  dissolved  on  fusing  it  with  hot 
alkali  hydroxides  or  carbonates.  On  heating  it  to  redness  in  presence  of  steam  or  of 
Hj|S,  hydrogen  is  evolved.     It  has  a  very  low  specific  heat  and,  therefore,  a  very  low 
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atomic  heat,  which  increases  at  high  temperatures  {see  p.  109),  indicating  that  at  low 
temperatures  boron  has  a  very  large  complex  molecule. 

Graphitic  boron  costs  up  to  £400  per  kilo,  crystallised  boron  £260,  and  amorphous 
boron  £32. 

BORON  HYDRIDE  :  BH,.  This  compound  is  a  gas  which  is  obtained  mixed  with 
hydrogen  by  heating  magnesium  with  boron  trioxide,  and  then  treating  the  resulting 
mass  with  HCl ;  the  gas,  which  contains  BH3  and  H,  is  only  slightly  soluble  in  water, 
burns  with  a  green  flame  and  is  decomposed  by  AgNOs.  At  a  red  heat  it  is  dissociated 
into  H3  and  B,  and  in  a  red-hot  glass  tube  deposits  of  boron  are  formed. 

BORON  TRIOXIDE,  BORIC  ANHYDRIDE  :  B2O3.  This  compound  is 
formed  on  btuning  amorphous  boron  in  oxygen,  and  practically  by  heating 
boric  acid  to  redness  : 

2B(OH)3  =  B^Oa  +  3H,0. 

It  forms  a  hard,  amorphous,  glassy  mass  which  only  volatilises  at  a  white  heat, 
and  on  heating  displaces  even  the  more  energetic  acids  from  various  salts  and 
dissolves  many  metallic  oxides,  forming  a  kind  of  glass,  which  is  often  coloured 
{borcus  beads  by  which  various  metals  may  be  recognised  in  chemical  analysis). 
In  the  air  it  is  slowly  transformed  into  boric  acid. 

BORIC  ACID :  BO3H3  (BORACIC  ACID) 

In  the  Tuscan  marshes  and  especially  at  Larderello  and  the  vicinity, 
soffioni  of  very  hot  steam  escape  from  certain  crevices  in  the  ground  and  are 
also  called  fumaroli.  These  contain  a  small  quantity  of  boric  acid  together 
with  CO2,  NH3,  SH2,  and  a  little  ammonium  sulphate.  On  condensing  these 
vapours  in  vats  of  water  called  lagani,  and  concentrating  the  dilute  2  per  cent, 
solution,  cr3^talline  boric  acid  separates.  During  the  last  few  years,  thanks 
to  the  work  of  Professor  Nasini,  the  utilisation  and  treatment  of  these  soffioni 
have  been  rendered  more  rational  and  the  heat  of  these  gases  has  also  been 
employed  in  suitable  motors  and  the  boric  acid  finally  refined.  Crystallised 
boric  acid  is  also  found  in  the  earth  in  Tuscany  under  the  local  name  of 
sctssolino.  It  is  abundant  in  Thibet  and  California  in  the  form  of  sodium 
borate  (tinkal). 

Considerable  quantities  of  boric  acid  are  prepared  to-day,  and  compete  with  that  obtained 
from  Tuscany,  by  decomposing  the  boracite  which  is  abundant  in  the  upper  layers  of  the 
Stasafurt  salts  {Abraunualze).  The  powdered  boracite  is  mixed  to  a  paste  with  a  little 
dilute  HCl  and  then  poured  into  boiling  water.  The  dear  solution  is  decanted  off,  saturated, 
and  whilst  still  hot  is  poured  into  lead-lined  vessels  where  the  boric  acid  crystallises  on 
cooling.  It  is  then  recr3r8tallised  from  boiling  water  in  stone  vessels  which  are  slowly  cooled. 
In  the  laboratory  the  whole  of  the  boric  acid  may  be  extracted  from  mother  liquors  or 
other  impurities  by  shaking  the  liquid  with  ether  or  with  chloroform,  which  dissolves 
all  the  boric  acid,  and  does  not  mix  with  the  water  ;  on  decanting  the  new  solution  and 
evaporating  the  solvent,  which  may  be  recovered  in  a  condenser,  pure  boric  acid  remains. 

Th.  Heidlberg  proposed  the  following  economic  process  in  1907  :  500  kilos  of  finely 
ground  borocalcite  are  poured  with  efficient  stirring  into  a  boiling  solution  of  sodium 
disulphate  of  15°  B^,  containing  850  kilos  of  crude  disulphate  ;  after  an  hour  the  whole  is 
passed  through  a  filter  press  and  the  calcium  sulphate  which  is  retained  is  washed  with 
hot  water.  The  whole  of  the  liquors  are  then  concentrated  to  30°  B6.,  after  which  430  kilos 
of  crude  boric  acid  separate  on  cooling  and  are  converted  into  commercial  quality  by  one 
recrystallisation.  The  mother  liquors  after  further  concentration  separate  very  fine 
crystals  of  sodium  sulphate  ;  the  last  mother  liquors  are  used  for  treating  new  portions 
of  boracite. 

The  minerals  contain  from  5  to  35  per  cent,  of  B2O3  and  two  to  four  tons  of  crude  borax 
are  needed  for  the  preparation  of  one  ton  of  boric  acid. 

Pure  boric  acid  is  obtained  by  mixing  a  saturated  boiling  solution  of  sodium 
borate  with  HCl  or  H2SO4  ;    on  cooling,  crystals  of  boric  acid  are  obtained, 
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which  are  purified  by  recrystallisation  from  water.  It  is  obtained  in  lai^, 
light,  shining  crystalline  scales  if  a  small  amount  of  an  albuminous  substance 
is  added  to  the  solution  in  certain  definite  proportions.  "  In  the  cold  it  dissolves 
in  water  to  the  extent  of  4  per  cent.,  and  on  heating  up  to  33  per  cent. 

The  solution  turns  blue  litmus  paper  feebly  red  and  turns  yellow  turmeric 
paper  brown  in  common  with  bases  which,  however,  do  not  redden  litmus, 
and  very  small  quantities  of  boric  acid  may  be  detected  with  turmeric.  When 
dissolved  in  alcohol  it  bums  with  a  green  flame  and  may  be  distilled  in  consider- 
able quantities  in  a  current  of  steam.  Boric  acid  is  used  in  large  quantities  in 
medicine,  especially  by  oculists,  as  a  uiseful  though  mild  antiseptic.  Its  use  is 
greatly  abused  as  a  preservative  for  foodstuffs,  such  as  vegetables,  tomatoes, 
&c.  On  heating  for  a  long  time  to  80°  to  100°  it  loses  one  molecule  of  water  and 
forms  metaboric  acid. 

Crude  boric  acid  costs  from  £14  to  £16  per  ton.  Refined  boric  acid  costs  £20  to  £24, 
and  when  in  lafge  scales  £32  to  £34  per  ton.  In  1893  87  tons  were  produced  in  Italy, 
166  tons  in  1898 ;  in  1901  more  than  347  tons  of  refined  boric  acid,  in  1905  749  tons,  in  1906 
562*1  tons,  in  1907  466-4  tons,  and  in  1908  429-2  tons.  The  production  of  the  crude  acid 
is  stated  to  have  been  2763  tons  in  190f,  valued  at  £35,400,  and  about  as  much  in  1908.  The 
exports  of  crude  boric  acid  were  738-4  tons  in  1904,  together  with  220  tons  of  the  refined 
product,  whilst  in  1906 1675  tons  of  the  crude  and  494  tons  of  the  refined  acid  were  exported, 
and  in  1908  635*8  tons  of  the  crude  and  339  tons  of  the  refijied.  The  imports,  in  spite  of  a 
protective  tarifi  of  £1  Ss,  per  ton,  were  14*6  t€>ns  in  1906,  49*6  tons  in  1907  and  74*6  tons  in 
1908  of  the  value  of  £1496. 

In  1908  Germany  imported  1900  tons,  and  in  1909  2550  tons  of  boric  acid  and  borax. 
It  exported  2750  tons.     Turkey  consumes  120  tons  of  boric  acid  per  annum. 

METABORIC  ACID:  BO. OH,  is  vitreous  and  is  obtained  from  boric 
acid  (see  above).     It  melts  at  60*^,  being  transformed  into 

TETRABORIC  ACID :  H2B4O7,  according  to  the  following  equation  : 

4BO2H  =  H2O  +  H2B4O7. 

This  in  turn  finally  loses  one  molecule  of  water  at  a  red  heat,  forming  two 
molecules  of  boric  anhydride,  BgOg. 

The  more  important  salts  are  formed  from  tetraboric  acid,  and  Borax, 
which  is  the  commonest  salt,  is  a  sodium  tetraborate,  B407Na2,  which  crystallises 
from  water,  in  which  it  is  not  very  soluble,  with  10  mols.  of  water  if  the 
temperature  is  low,  or  with  5  mols.  of  water  if  the  temperature  approaches 
60°  (see  also  Part  HI). 

HALOGEN  DERIVATIVES  OF  BORON 

« 

BORON  CHLORIDE  :  BCI3,  is  obtained  by  heating  boron  in  a  current  of  chlorine, 
or  a  red-hot  mixtiu'e  of  B2O3  and  carbon  in  presence  of  chlorine.  It  is  a  liquid  which  boils 
at  18°,  has  a  specific  gravity  of  1-25,  and  is  decomposed  by  water: 

BClg  +  3H2O  -  BO3H8  +  3HC1. 

The  hrmnidey  iodide,  and  fluoride  of  boron  are  also  known. 

The  latter  is  a  gas  which  is  very  soluble  in  water  and  is  obtained  in  an  analogous  manner 
to  silicon  fluoride.  With  HF  it  forms  fluohoric  add,  BF4H,  which  is  a  very  energetic  mono- 
basic acid,  more  especially  known  in  its  salts,  which  are  not  very  soluble. 

BORON  NITRIDE  :  BN.  Amorphous  boron  is  one  of  the  few  elements  which  combine 
directly  with  nitrogen  when  heated  to  redness  with  formation  of  a  nitride.  With  NHj 
boron  also  forms  BN,  and  develops  H.  Thus  also  boron  burns  \\nth  a  bright  light  in  an 
atmosphere  of  nitrous  oxide,  forming  B2O3  and  BN, 

BN  is  prepared  in  practice  by  heating  to  redness  in  a  platinum  crucible  1  part  of  boric 
anhydride  with  2  parte  by  weight  of  ammonium  chloride  or  with  urea,  and  washing  the 
residue  with  HQ. 
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It  forms  a  white  amorphous  powder  which  is  not  altered  even  on  heating  to  rednew 
in  the  air.  It  is  insoluble  in  water,  in  adds,  and  in  dilute  alkalis.  It  is  decomposed  by 
steam  at  200"* :  BN  +  2H2O  —  BOgH  +  NH,.     It  combines  with  HF,  forming  ammonium 

fluoborate :  BN  +  4HP  «  BF4NH4.     On  heating  under  the  blowpipe  BN  forms  BjOj. 

« 

BORON  SULPHIDE  :  8,83,  is  also  known,  and  is  obtained  by  burning 
boron  in  sulphur  vapour,  or  by  heating  amorphous  boron  to  redness  in  a 
current  of  H^  ;  also  from  a  mixture  of  Bfi^,  carbon  and  carbon  disidphide 
vapours.  It  forms  silky  white  crystals,  which  are  violently  decomposed  by 
water  :  Bj^Sj  +  6H,0  =  3H2S  +  2B(OH)3. 

BORON  CARBIDE  :  B^Cj,  has  been  more  closely  studied  than  the  carbide 
BeC,  which  is  prepared  in  the  electric  furnace  from  boron  and  carbon  in  presence 
of  copper.  The  copper  is  then  removed  from  the  fused  mass  by  the  action  of 
HNOj,  and  black  shining  crystals  of  extraordinary  hardness,  greater  than  that 
of  carborundum,  remain. 

A  BORON  PHOSPHIDE  :  BP,  also  exists. 
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The  distinction  of  this  numerous  group  of  elements,  the  metals,  from  those 
which  we  have  already  studied  as  non-metals,  is  not  very  rigorous,  and  although 
for  some  elements  many  of  the  ph3rsical  and  chemical  properties  differ  verj^ 
greatly,  other  properties  are  qommon  ;  various  members  of  the  one  group  or 
the  other  possess  both  metallic  and  non-metallic  properties,  so  that  they  cannot 
be  rigorously  considered  to  belong  to  the  one  group  much  more  than  the 
other. 

The  more  or  less  metalhc  external  appearance  and  conductivity  for  elec- 
tricity and  heat  are  differential  characteristics  only  in  a  relatively  quantitative 
sense,  and  the  same  may  be  said  of  the  fact  that  oxygen  compounds  of  the 
non-metals  ordinarily  form  acid  substances,  whilst  the  oxidised  compouncbj 
of  the  metals  in  general  are  basic  substances,  for  here  also  the  exceptions  are 
numerous.  The  valency  of  the  metals  with  respect  to  oxygen  diminishes 
with  elevation  of  the  temperature,  and  in  general  the  compounds  containing 
the  minimum  of  oxygen  are  the  more  stable  at  higher  temperatures,  whilst  at 
ordinary  temperatures  those  containing  the  maximum  of  oxygen  are  more 
stable. 

The  metals  do  not  form  gaseous  hydrogen  compounds  and  form  chlorides 
which  are  stable  in  conuAct  with  water.  When  any  substance  which  contains 
both  a  metal  and  a  non-metal  is  decomposed  by  electrolysis,  the  metal  is  always 
formed  at  the  negative  pole,  whilst  the  non-metal  separates  at  the  positive 
pole.  Excepting  mercury  the  metals  are  all  solid  and  have  a  specific  gravity 
which  varies  from  0*59  to  22-5  {see  Table  on  p.  411),  and  which  ordinarily  in- 
creases with  increase  of  the  atomic  weight.  This  relation  becomes  more  evident 
if  the  atomic  volumes  of  the  metals  are  compared,  that  is,  the  ratios  between 

the  atomic   weight.  A,  and  the  specific  gravity,   d :  atomic   volume  ^  -^  " 

Those  metals  which  have  a  specific  gravity  lower  than  5  are  called  the  light 
metals  and  the  others  the  heavy  metals. 

Almost  all  the  metals  are  more  or  less  ductile  and  malleable. 

The  maUeabilUy  of  metals,  that  is,  the  property  of  being  converted  into 
very  thin  sheets  by  hammering,  and  the  ductihty,  that  is,  the  capacity  for 
being  drawn  into  very  thin  wires,  vary  with  the  temperature.  For  iron  they 
attain  a  maximum  at  a  red  heat,  whilst  zinc  is  malleable  between  100°  and  150°, 
and  becomes  brittle  at  205°.  In  the  scale  of  ductility  and  malleability  all 
metals  do  not  follow  the  same  order,  and  thus  two  metals  which  are  very  close 
together  in  the  scale  of  malleability  may  be  somewhat  far  apart  in  the  scale 
of  ductility  and  vice  versa.  With  suitable  precautions,  gold  leaf  has  been 
obtained  of  a  thickness  of  only  O'OOOl  mm.  and  platinum  wires  of  a 
diameter  of  0*000,08  mm. ;  gold  and  silver  leaf  of  these  very  small  orders  of 
thickness  are  almost  transparent  between  200°  and  500°. 

On  cooling  molten  metals  in  a  suitable  manner  crystals  of  the  regular 
or  hexagonal  rhombohedric  systems  are  sometimes  obtained. 

Metals  may  also  occur  in  allotropic  forms,  crystalline  or  amorphous.  In 
certain  cases  the  same  metal  may  possess  various  specific  gravities  according 

as  it  has  been  rolled,  hammered,  or  molten,  and  they  acquire  difierent  degree;s 

408 
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of  brittleness  at  various  temperatures;  also  the  heat  of  oxidation  is  not 
always  equal.  Allotropy  also  includes  the  passive  form  of  certain  metals.  In 
the  allotropic  passive  form  under  certain  conditions  the  metals  resist  the 
action  of  acids  and  behave  electrol3rtically  in  a  different  manner  from  the 
active  form. 

The  hardness  and  brittleness  of  metals  are  extraordinarily  modified  by 
minimal  traces  of  impurities.  Thus  gold  becomes  extremely  brittle  when  it 
contains  ^r^oxf  of  lead ;  iron  containing  minimal  quantities  of  carbon  becomes 
very  hard  (steel),  and  acquires  well-iuarked  special  properties  with  traces  of 
vanadium,  Mn,  &c. ;  lead  containing  three  parts  per  1000  of  antimony  becomes 
very  oxidisable  when  liquefied,  so  that  it  even  catches  fire.  We  will  see  later, 
on  studying  alloys,  what  a  great  influence  even  small  quantities  of  a  given 
component  may  have  in  modifying  not  only  physical  properties,  but  also  the 
chemical  properties  of  the  alloy. 

Kahlbaum  in  1902  and  Moissan  in  1906  succeeded  in  distilling  numerous 
metals  in  porcelain  tubes  with  the  oxy-hydrogen  flame  in  an  almost  abso- 
lute vacuum  (down  to  two-milliontli  of  a  millimetre).  Kahlbaum  thus 
obtained  about  25  metals  in  an  extremely  pure  condition,  often  crystallised 
in  an  allotropic  form.  It  has  been  sometimes  observed  that  certain  easily 
fusible  metals  volatilise  with  difficulty  (tin) ;  osmium  volatilises  without 
melting,  whilst  in  general  when  comparing  two  metals  that  one  which  boils 
first  also  melts  first.  Certain  metals,  such  as  copper  and  silver,  absorb  oxygen 
during  fusion  and.  liberate  it  again  at  the  moment  of  solidification 
(reccUescence), 

The  metals  are  more  porous  when  hot,  and  gases  then  pass  through  their 
pores  with  greater  facility.  Palladium  is  capable  of  absorbing  936  vols,  of 
hydrogen. 

The  specific  heat  of  metals  is  influenced  by  the  temperature,  and  in  general 
it  is  diminished  by  lowering  the  temperature,  the  diminution  being  greater  the 
smaller  the  atomic  weight  {see  p.  109). 

It  has  now  been  shown  that  the  molecules  of  the  metals  are  monatomic. 
This  result  is  obtained  from  their  vapour  densities,  from  the  diminution  of 
the  vapour  tension  of  mercury  in  which  they  are  dissolved,  and  from  the 
freezing-point  of  the  metaUic  alloys  which  are  true  solutions  of  metals. 

Metals  may  thus  be  considered  as  elements  the  molecules  of  which  are  formed 
of  a  single  atom,  and  this  explains  the  great  power  of  reaction  of  most  of  them 
and  their  electric  conductivity. 

Metals  act  as  cations  and  conduct  the  electric  current  without  simultaneous 
transference  of  matter,  and  without  alteration.  They  are,  therefore,  called 
conductors  of  the  first  class  in  distinction  to  electrolytic  conductors  (solutions) 
which  are  conductors  of  the  second  class  and  decompose,  matter  being  trans- 
ported during  conduction.  The  electric  conductivity  of  metals  increases  with 
diminution  of  the  temperature,  and  it  appears  that  in  the  vicinity  of  absolute 
zero  their  conductivity  is  very  great,  whilst  on  the  other  hand  the  conductivity 
of  electrolytes  (solutions)  diminishes  with  diminution  of  the  temperature. 

Endeavours  have  recently  been  made  to  explain  the  electric  conductivity 
of  metals  by  the  hjrpothesis  that  in  the  metals  themselves  there  are  very 
numerous  non-material  electric  particles,  similar  to  ions,  which  impart  to  them 
the  property  of  conducting  the  current.  The  metals  may  then  almost  be 
considered  as  solutions  of  electric  particles. 

The  magnetic  elements,  which  are  attracted  by  the  magnet,  are  the  follow- 
ing, arranged  in  decreasing  order  :  Fe,  Ni,  Co,  Mn,  Cr,  Ce,  Ti,  Pd,  Pt,  Os. 

The  non-magnetic  metals,  which  are  not  attracted  by  a  magnet,  may  be 
arranged  in  the  following  order,  commencing  with  those  which  are  least 
magnetic  :   Bi,  ISb,  Zn,  Cd,  Na,  Hg,  Pb,  Ag,  C\i,  Au,  As,  U,  Kh,  Ir,  W,  and 
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naturally  the  final  tenns  of  the  two  series  approach  one  another  in  propertiei, 
BO  that  uranium  and  iridium  are  sometimes  claaaed  amongst  the  ma-gnetic 
mebalB.  Certain  metallic  compoundB,  Buch  as  certain  oxides  and  peroxides, 
are  also  magnetic.  The  magnetism  of  iron  disappears  at  710°,  that  of  nickel  at 
340°,  and  that  of  cobalt  at  900°.  The  spectroscopic  behaviour  of  metals 
has  already  been  discussed  at  length  in  Part  I  (p.  54). 

We  give  on  the  opposite  page  a  Table  in  which  the  most  important  physical 
constants  of  the  metals  are  shown. 

METALLIC  ALLOYS 
All  the  metals  form  alloys  more  or  less  easily,  which  cannot  be  comjiderwl 
as  simple  mecham'cal  mixtures  as  the  union  is  more  intimate,  occurs  between 
moleciUe  and  molecule  through  the  agency  of  fusion,  and  it  is  then  no  longer 
possible  to  separate  the  components  mechanically.  Alloys  may  be  compared 
rather  to  solutions,  and  may  thus  be  considered  as  true  solid  solutions,  and  whoi 
they  are  melted  consist  of  nothing  else  than  liquid  metallic  solutions. 


Fio.  168.  Fio.  169. 

On  the  other  hand,  the  alloys  are  not  homogeneous  chemical  combinations 
that  is,  the  components  are  not  merely  mixed  in  the  ratio  of  theiratomic  weights, 
but  also  in  the  most  varied  proportions,  and  just  as  in  ordinary  solutions  of 
salts  the  aolubihty  varies  with  the  nature  of  the  solvent  and  of  the  dissolved 
substance,  so  also  is  this  the  case  for  two  or  more  molten  Metals.  These  some- 
times mix  in  any  proportion  whatever,  but  in  certain  cases  only  in  well-defined 
proportions. 

The  rules  which  regulate  solutions,  chemical  equiUbria  and  the  phase  rule 
may  also  be  appUed  with  proper  precautions  to  molten  alloys. 

The  eutectic  temperature  of  alloys  corresponds  to  the  cryohydric  tempen- 
ture  of  ordinary  solutions  (pp.  117  and  229). 

Guillemin,  Sorby,  Martens,  Widmanatatten,  and  others  have  conducted 
micrographic  analj'ses  by  attacking  the  surfaces  of  well-polished  alloys  with 
cold  lilute  nitric  acid  or  with  dilute  sulphuric  acid  (I/IO),  under  the  influence 
of  a  weak  electric  current  (2  volts  at  ,\  of  an  ampere) ;  they  then  examined  the 
washed  corroded  surfaces  under  the  microscope  and  photographed  it,  because 
in  this  way  curious  figures  and  crystalline  portions  are  rendered  evident  which 
are  constant  and  characteristic  for  definite  compositions  of  each  alloy. 

Microphotographs  of  alloys  of  bismuth,  tin,  and  antimony  are  illustrated  Ie 
Figs.  168  and  109, which  wc  will  study  later,  and  in  these  crj'stjds  of  characterislic 
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form  are  clearly  shown.  Other  microphotographs  are  reproduced  and  explained 
in  detail  later  in  the  chapter  on  Iron. 

The  microscopic  study  of  alloys  has  greatly  helped  the  elucidation  of  theii 
internal  constitution.  In  solidified  alloys  certain  crystals  of  constant  chemical 
composition  different  from  that  of  the  alloy  may  sometimes  be  isolated  by 
Suitable  solvents  and  may  be  considered  as  true  chemical  combinations.  From 
an  alloy  of  1  part  of  copper  with  2  parts  of  tin,  shining  scales,  unat tacked 
by  the  acid,  and  of  the  formula,  SnCuj,  may  be  obtained  by  treating  it  with 
concentrated  cold  HCl. 

In  metallic  alloys  the  electric  conductivity  is  generally  lower  than  the  mean 
conductivity  deduced  from  that  of  the  component  metals,  because  the  allov 
may  be  considered  as  a  thermo-couple  formed  by  its  components,  the  electro- 
motive force  of  which  acts  in  opposition  to  that  producing  the  current.     From 
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Fig.  170. 


the  electric  conductivity  of  an  alloy  its  composition  may  also  be  deduced, 
and  one  may  decide  whether  the  metals  are  present  in  combination  or  not 
by  remembering  that  chemical  combination  tends  to  lower  the  conductivity. 
The  compound  SnCug  was  detected  in  this  particular  manner. 

Alloys  generally  melt  at  temperatures  below  that  of  their  components; 
thus  on  mixing  8  parts  of  lead,  15  of  bismuth,  4  of  tin,  and  6  of  cadmium, 
an  alloy  is  obtained  which  melts  at  68°,  although  none  of  its  components 
melt  below  200°.  By  thermal  examination  the  composition  of  the  various 
substances  which  are  formed  in  the  alloy  may  be  deduced. 

Information  may  be  also  obtained  as  to  whether  the  alloy  contains  or  ii? 
capable  of  forming  a  definite  chemical  combination  by  comparing  the  solidifying 
points  of  various  alloys. 

Thus,  if  small  quantities  of  another  metal  are  contained  in  a  metal,  the  solidifying 
point  of  the  first  will  generally  be  lowered.  On  gradually  adding  further  larger  quantitic^ 
of  the  second  metal,  the  solidif^dng  point  will  be  fuither  lowered  until  a  minimum  is  reached, 
called  the  eii4ec/tc- point,  and  up  to  this  point  there  has  been  no  chemical  combinatios. 
because  such  combination  would,  on  the  other  hand,  raise  the  solidifying  point.     Those 
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iptals  whioh  do  not  form  ohemical  combinationa,  but  which  form  mixed  orystala  (p.  87) 
-an'ing  continuously  in  composition  as  the  proportion  of  the  componeute  ia  varied,  do 
or  show  minima  of  melting-point,  that  is,  oatectiD-points.bnt  the  diminution  or  increase  of 
he  temperature  of  solidification  follows  a  continuous  curve,  rising  or  descending  according 
}  thi-  metal  which  predominates  at  the  beginning.     In  the  preceding  case,  ou  tho  other 
and,  in  which  a  eutectic-point  was  found,  we  have  an  indication  that'theac  two  metals 
rp  able  to  combine  in  definite  proportions  to  form  true  chemical  combinations.    Thus, 
n  continuing  to  increase  the  quantity  of  the  second  metal  after  attaining  the  eut«c1ic-point, 
ho  temperature  of  solidification  st«adil.V  rises  until  a  maximum  is  reached,  and  at  this 
loint  the  two  metala  form  a  ohemical  combination  of  definite  formula.    If  now  the  quantity 
i  the  second  metal  is  still  further  increased,  the  temperature  of  solidification  is  lowered 
lecauBe  we  hare  an  alioy  between  the  combination  already  formed  and  the  excess  of  the 
econd  metal.     A  further  minimum  melting-point,  that  is,  a  new  eutectic- point  (eutectio 
Hoy),  will  again  be  obtained,  but  on  continuing  the  addition  of  the  second  component, 
he  melting-point  will  rise  again  until  it  reaches  the  meltii^-point  of  the  second  metal 
lometimes   the   two  metals  are  able  to 
orm  several   successive   chemical    com- 
Jinfttions,  and  then  before  the  melting- 
Miint   of    the    second   metal   is  reached 
urther  maximum  and  minimum  melting- 
joints  are  passed  through. 

When  two  metals  do  not  form  com- 
linationa  or  even  mixed  crystals,  then 
;he  melting-pomt  curve  may  descend 
without  passing  through  a  true  eutectio- 
point,  but  will  then  rise  continuously 
intil  the  melting-point  of  one  of  the 
mf  tals  is  reached. 

The  following  alloys,  which  consist 
'it  true  chemical  combinations,  are  well 
known :  SnCua,  PtHg,,  PtZn,  PlSn,, 
AljMn,  Zn,Hg,  Cd,Tl,  Hg.Na.  and 
HgzNa. 

In  1908  Tammut   published  a  com- 
plete study  of  more  thui  160  binary  Pj^  j^l 
illoys. 

In  Pigs.  170  and  171,  we  show  a  diagram  in  plan  and  in  relief  ot  the  melting-points 
vith  the  relative  eutectic- points  of  alloys  of  lead,  tin,  and  bismuth.' 

'  A  dlAgruo  of  foglbilLty  Cor  iHoyt  at  three  meUlB — Pb,  8n,  and  Dl— nu)'  be  tepmeDt«d  u  la  Fig.  ITO.  In 
•likh  th«  vertlcH  ot  in  equilstenl  [rlugle  correspond  to  the  pari'  meUli  lespectlvely.  The  proportlOD  0[  (Mb 
iB'til  Tbkh  (intcn  Jato  In  iOIdt  ot  *ny  deSnlte  meltlntl-poltlt.  la  lndlcB(«d  by  tbo  IJno  wblch  lorms  the  height  of 
ihe  triin^e  oonrspondlng  to  the  vert^i  of  thit  f*rtloiil»r  inoUI.  The  eldf  ol  ths  ttlingle  <how  the  bin»ry  »Uoyi 

The  mdtlng-polnle  ol  the  ternary  alloys  may  be  represeritea  by  dotlrrl  curves  which  unite  Ul  the  ■lloyi  of 
"rying  cnmptMitlon  which  •olldlfy  it  the  Mine  temperature.  Gennrslly  these  curves  torn  Crlanittes  ol  which  the 
"nulM  ire  arranged  along  three  Unw,  B„  If,.  A",,  coirenponding  to  the  relative  temperature  mintma.  These  thtee 
linn  mpM  at  a  aioglo  point ,,  which  represeuU  the  alloy  ol  the  threo  luetils  which  hi<  th:<  lowest  melting-point. 

In  Fig.  171  the  diagram  otthe  preceding  Figure  is  iDdlealHl  in  relief,  and  comprises  all  the  allays  which  can  be 
'ormni  from  the  three  metals  mixed  in  varying  proportions.  The  three  eitremo  highest  points  correspond  to  the 
inrlling-polnta  ol  the  reepedlve  pure  metals.  The  surfccB  which  starts  Irom  tte-w  point*  Is  divided  into  three 
'lopts  neparated  by  thrae  depreuloos  or  valleys,  which  represent  the  lines  ol  relative  eutectic- points  converging 
lowanH  the  abnlute  culeetic- point.  In  oach  o(  tb«o  three  regions,  on  cooling,  the  pure  metal  which  eorrwiponds 
to  the  verttji  ot  that  region  gradually  separates  In  the  solid  state ;  along  the  relative  euUctlc-polnta  the  binary 
■"oy  ot  tbo  metals  corresponding  to  the  two  adJaconC  regions  separates  on  cooling,  and  at  the  absolute  culcctlc- 
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The  coefficient  of  elasticity  of  an  alloy  is  generally  equal  to  the  mean  of  those  of  it; 
constituent  metals,  and  is  the  larger  the  more  fine  and  homogeneous  its  grain. 

When  an  alloy  is  melted  and  allowed  to  cool  slightly,  certain  of  its  com 
ponents  sometimes  separate,  forming  solid  layers  of  different  composition 
This  phenomenon  is  called  liqiuUion ;  the  Germans  call  it  ''  Saigerurig," 

The  chemical  behaviour  of  an  alloy  is  sometimes  very  different  from  that  oi 
its  components.  Thus  an  alloy  of  56-5  per  cent,  of  copper  and  43*5  per  cent 
of  zinc  is  not  attacked  by  nitric  acid,  whilst  copper  or  zinc  alone  are  rapidly 
dissolved  ;  thus  also  an  alloy  of  gold  and  silver  containing  less  than  one-thirc 
of  silver  is  insoluble  in  HNOs,  whilst  free  Ag  is  soluble ;  thus  also  platinum 
is  not  soluble  in  nitric  acid,  whilst  an  alloy  of  platinum  and  silver  dissolve:^ 
completely. 

The  alloys  of  other  metals  with  mercury  are  called  amalgams. 

SALTS,  ACIDS,  AND  BASES 

We  have  already  seen  how  several  molecules  of  a  polybasic  acid  are  able  to  condensr 
and  form  polyaoids,  such  as  pyroantimonic,  pyrophosphoric,  and  pyrosilido  acid,  &c.. 
and  in  the  same  way  it  is  known  that  the  polyacid  bases,  also  called  polyhydric  bas<^ 
condense  to  form  polybases  or  polyhydroxides  : 


2a/ 

/OH 

/OH 

H2O  +  Cu 

3Pb(OH)2  =  2H2O  +  Pb\ 

OH 

0 

0 

^OH 

Pb 

>0 

Pb/ 

^OH 

From  these  polyhydroxides  basic  salts  are  obtained  by  the  replacement  of  a  portion  of  the 
hydroxyl  groups  by  acid  residues. 

The  metals  easily  form  halogen  combinations  (chlorides,  bromides,  iodides,  &c.,  which 
are  non-oxidised  salts)  either  by  the  direct  interaction  of  their  elements  or  by  the  action 
of  the  halogen  acids  on  the  metals  or  the  corresponding  oxides  and  carbonates  ;  some 
of  these  combinations  are  easily  obtained  by  the  action  of  the  halogen  on  a  mixture  of  metalHc 
oxide  and  carbon. 

In  the  formation  of  salts  from  adds  and  bases  there  is  generally  separation  of  one  or 
more  molecules  of  water  formed  from  one  or  more  atoms  of  hydrogen  of  the  add  and  one 
or  more  hydroxyl  groups  of  the  base  : 

/H  /H 

K.OH  +  so/      =  SO4         +  H2O     ;        K.OH  +  HCl  -=  KG  +  H,0. 

H  K 

Mixed  salts  or  DovJble  salts  are,  obtainedfwhen  hydrogen[atoms  of  a  polybasic  acid 

so  ^^  f  ^ 

are  replaced  by  atoms  of  more  than  one  metal,  for  example,        *\ai  »  I*0^-!nH4; 

so/  i^"  : 

or  also  when  the  hydroxyl  groups  of  a  polybase  are  replaced  by  acid  residues  of  varving' 

/CI  '      I 

Pb<^  I 

character,  for  example,         /CO3  ;   however,  such  corstitutions  of  double  salts  can  only 

Pb .  ' 

CI  ■       I 

be  admitted  in  the  solid  crystallised  state,  because  in  aqueous  solution  only  the  correspondingj 
characteristic  ions  occur,  and  these  ions  are  the  same  as  those  of  the  simple  salts,  that  i8.cl| 
potassium  siilphate,  aluminium  sulphate,  potassium  phosphate,  ammonium  phosphatSrj 
&c.  In  dilute  solution  the  size  of  the  molecule  is  actually  found  by  cryoscopic  determina- 
tion not  to  correspond  to  that  of  the  double  salt,  but  to  those  of  the  simple  salts.  Tbi 
double  salts  are,  however,  separated  from  concentrated  solutions  of  the  simple  salts  whei 
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one  of  these  salts  is  in  excess.     In  general  double  salts  have  two  similar  metallic  or  acid 

re^sidnes.     Very  occasionally  double  salts  are  met  with  which  simultaneously  contain  both 

K 

SO  ' 
acid  and  basic  residues  which  are  all  different,  such  as,       ^  \^  ,  and  the  formulae  of  these 

a' 

special  double  salts  are  written  as  molecules  of  the  component  salts,  separated  by  a 
point:  S04Mg.KCl.  Certain  complex  double  salts  are  also  known  which  dissociate  in 
solution  into  special  ions  different  from  those  of  the  corresponding  simple  salts. 

The  property  possessed  by  certain  substances  of  forming  double  or  complex  salts 
which  are  more  soluble  than  those  of  the  individual  simple  salts  is  practically  utilised, 
as  in  some  cases  the  solubihty  of  a  given  salt  can  thus  be  considerably  increased. 

NOMENCLATURE  OF  SALTS,  ACIDS,  AND  BASES.  In  the  denomi- 
nation or  nomenclature  of  salts,  the  name  of  the  acid  is  fonned  from  the  name 
of  the  corresponding  elements  modified  by  a  suffix.  The  names  of  the  more 
stable  and  better  known  acids  terminate  in  tc,  for  example,  hydrochloric,  hydro- 
nulphoric,  chloric,  sulphuric,  and  nitric  acids,  &c. ;  the  salts  corresponding 
to  the  non-oxygenated  acids  change  the  suffix  ic  into  ide  (chloride,  sulphide, 
iodide,  &c.) ;  whilst  in  those  derived  from  the  oxy-acids,  the  suffix  is  changed 
to  ate  (chlorate,  sulphate,  arsenate,  carbonate,  &c.).  The  acids  which  contain 
less  oxygen  have  the  suffix  oua  (nitrous,  sulphurous,  arsenious,  &c.),  and  the 
names  of  the  salts  corresponding  to  them  end  in  Ue  (nitrite,  sulphite,  arsenite, 
&c.).  On  the  other  hand,  the  acids  containing  more  oxygen  take  the  prefix 
per  (persulphurio,  perchloric  acids,  &c.),  and  the  corresponding  salts  change 
their  suffix  into  o^  whilst  retaining  the  prefix  per  (persulphate,  perchlorate). 
Acids  containing  a  minimum  of  oxygen  take  the  suffix  ov^,  together  with  a 
prefix  hypo  (hyposulphurous,  hypochlorous,  hyponitrous  acids,  &c.),  and  in 
their  salts  the  suffix  is  replaced  by  ite  (hyposulphite,  hypochlorite,  hyponitrite, 
&c.).  Many  metallic  oxides  which  contain  a  maximum  amount  of  oxygen 
and  which  are  able  to  readily  give  up  a  part  of  it,  so  that  they  act  as  energetic 
oxidisers,  are  called  peroxides. 

ELECTROCHEMISTRY 

This  branch  of  chemistry  has  acquired  great  importance  on  account  of  iti 
practical  application  in  recent  years.  In  many  countries  the  importance  of 
electrochemical  industrial  processes  has  been  exaggerated  and  will  lead  to 
bitter  and  disagreeable  or  even  costly  disappointments.  Under  the  conditions 
of  science  and  industry  to-day  we  may  safely  affirm  that  calcium  carbide, 
potassium  chloride  and  hydroxide,  and  in  certain  cases  sodium  hydroxide, 
the  hypochlorites,  aluminium,  copper,  &c.,  can  be  produced  electrolytically' 
with  advantage.  But  it  is  not  to.  be  denied  that  present-day  electrochemical 
industry  cannot  afford  to  pay  for  expensive  electrical  energy,  and  that 
sometimes  a  price  of  £2  or  £2  8^.  per  h. p. -year  for  this  commodity  is  already 
too  expensive.  It  is  also  necessary  to  remember  that  in  Italy,  where  fuel  is 
scarce,  certain  interests  are  always  ready  to  buy  electrical  energy  for  transforma- 
tion into  light  and  power,  even  at  a  price  of  £6  to  £8  per  h p. -year.  Under 
these  conditions,  it  cannot  be  advantageous  to  develop  electrochemical 
industries  in  all  localities.  It  is  not,  however,  impossible  that  in  the  future, 
when  the  yields  and  the  production  of  electrical  energy  have  been  improved, 
the  electrochemical  industry  will  acquire  much  more  importance  than  can 
at  present  be  foreseen.  The  water-power  utilised  to-day  by  the  various 
nations  is  altogether  about  4,000,000  h.p.,  of  which  there  are  more  than 
500,000  in  Italy,  more  than  750,000  in  France,  about  1,000,000  in  Norway  and 
Sweden,   1,000,000  from  Niagara  Falls,  300,000  in  Germany,  and  250,000 
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in  Switzerland.  The  sources  ox  water  power  which  have  not  yet  been  utilised 
are,  however,  much  more  important.  It  is  estimated  that  in  Norway  and 
Sweden  14,000,000  h.p.  is  available,  in  Italy  6,000,000,  in  France  5,000,00) 
(for  9  months  in  a  year,  and  3,000,000  in  the  3  less  productive  months),  in 
Switzerland  1,250,000,  in  Austria  2,000,000,  in  Great  Britain  about  900,000, 
in  Russia  about  11,000,000,  in  America  more  than  25,000,000  (5,000,000  of 
which  can  be  obtained  from  Niagara  Falls). 

Many  chemical  phenomena  are  closely  connected  with  electrochemical  phenomena. 
It  will  suffice  to  mention  the  electrolytic  dissociation  of  many  substances  when  dissolved 
in  water,  such  as  salts,  acids,  bases,  &c.,  and  also  many  chemical  reactions  xmder  the  influ- 
ence of  the  electric  current.  Volta's  cell  was  the  first  demonstration  of  the  transformation 
of  chemical  into  electrical  energy,  and  a  similar  phenomenon  is  easily  produced  under  the 
most  varied  chemical  conditions  {see  below,  Darnell's  Cell).  Volta  actually  believed 
that  with  his  cell  he  had  discovered  a  new  infinite  source  of  gratuitous  energy  with  which 
It  would  be  possible  to  produce  perpetual  motion  without  any  corresponding  con- 
sumption of  energy.  The  law  of  the  conservation  of  energy  was  not  then  known,  and 
it  was  only  much  later  that  it  had  to  be  admitted  that  the  electrical  energy  of  the  Volta 
cell  was  provided  by  energy  resulting  from  a  chemical  reaction.  In  order  to  be  able  tt) 
study  the  relation  between  phenomena  of  these  two  kinds,  it  is  necessary  to  be  able  to 
compare  them  quantitatively  in  terms  of  the  same  unit  of  measurement,  and  to  know  the 
various  units  which  are  used,  and  among  the  most  important  for  our  purpose  are  the 
following. 

The  UNIT  QFANTTTY  OP  BLBCTBIOITY  is  the  INTERNATIONAL  COULOMB,  and  it  is  found 

experimentally  that  96,640  coidombs  are  required  to  evolve  1*008  grms.  of  hydrogen  from 
an  electrolyte,  such  as  acidified  water. 

An  electric  current  which  transports  one  coulomb  per  second  has  an  intensity  of  one 
ampere,  therefore  an  electric  current  of  one  umpire  carries  a  quantity  of  electricity  equal 
to  3600  coulombs  in  one  hour.  The  international  ampere  is  the  unit  of  current  strength. 
If  we  wish  to  understand  the  significance  of  this  current  strength  a  little  more  clearly, 
we  may  compare  it  with  a  current  of  water  which  we  will  suppose  to  have  a  value  of  1 
when  it  transports,  for  example,  500  litres  of  water  per  second.  The  strength  of  this 
current  will  be  doubled,  that  is,  its  velocity  will  be  doubled,  if  it  transports  1000  litres  of 
water  per  second,  and  it  will  be  trebled  if  it  transports  1600  litres  per  second,  the  section 
of  the  outlet  remaining  equal. 

A  current  of  1  amp.  strength,  in  order  to  develop  1*008  grms.  of  hydrogen,  must  pass 
through  the  electrolyte  for  96,540  seconds,  that  is,  26  hours  and  49  minutes,  because  this 
current  transports  1  coulomb  per  second. 

The  work  which  is  produced  by  an  electric  current  does  not  depend  on  the  intensity  only, 
but  also  on  the  tension  or  difference  of  potential  of  the  current  itself. 

This  tension  may  be  compared,  up  to  a  certain  point,  with  the  height  at  which  a  given 
quantity  of  water  is  stored  ;  the  work  which  it  produces  in  falling  then  varies  with  the 
head  of  water. 

But  in  order  that  a  current  may  pass  along  a  conductor  (hydraulic  or  electric),  it  is 
necessary  that  a  difference  of  level  shoidd  exist,  and  the  work  produced  by  the  same  quantity 
of  electricity  will  be  the  greater  the  greater  the  potential  difference  or  electrical  level 
between  the  extremities  of  the  conductor.  This  potential  difference  is  the  electromoiiry 
force  of  the  current,  and  the  practical  unit  of  electromotive  force  is  given  by  the  potential 
difference  which  exists  at  the  extremities  of  a  conductor  which  has  a  resistance  of  1  ohm 
{see  below),  and  is  traversed  by  a  current  of  1  amp.  ;  this  tension  is  equal  to  1  volt  or  the 
international  volt. 

If  we  pass  the  same  current  through  different  solutions  of  various  salts,  such  as  copper 
sulphate,  zinc  sulphate,  silver  nitrate,  &c.,  then  after  a  certain  time  31-8  grms.  of  copper 
will  have  been  deposited  and  at  the  same  moment  32*7  grms.  of  sdnc  and  107-92  grms. 
of  silver  will  have  been  deposited  in  the  other  voltameters.  We  immediately  see  that 
these  weights  exactly  represent  the  equivalent  or  combining  weights  of  these  metals, 
and  thus  it  is  possible  to  measure  the  intensity  of  a  current  by  weighing  the  quantity  of 
material  which  is  deposited  at  the  electrodes  in  unit  of  time,  and  it  has  thus  been  found 
experimentally  that  a  current  of  1  amp.  in  one  second  deposits  exactly  1*1176  mgrms. 
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of  silver,  or  0-0104  mgrm.  o^hydrogen,  or  0«6689  mgrm.  of  oopper  from  a  cuprous  salt, 
or  0*3200  mgrm.  of  copper  from  a  cupric  salt,  0*3385  mgrm.  of  zinc,  &c.,  and  these 
quantities  are  in  the  same  ratio  to  one  another  as  the  respective  combining  weights 
(p.  21),  and  we  may  also  measure  the  quantity  of  hydrogen  gas  evolved  by  1  amp.  in  a 
voltameter  containing  dilute  sulphuric  acid. 

These  facta,  which  were  already  studied  by  Faraday  in  1833,  led  to  an  important 
and  universal  law  called  by  his  name,  according  to  which,  under  equal  conditions,  the 
quantity  of  matter  separated  is  exactly  proportional  to  the  current  strength,  and  the  same 
current  passing  through  several  separate  electrolytes  separates  from  each  quantities  of 
matter  which  are  in  the  same  ratio  as  their  equivalent  or  combining  weights. 

The  work  done  by  a  continuous  current  per  second  is  measiured  by  the  product  of  the 
current  strength  in  amperes,  and  its  potential  difference  in  volts.  The  product  of  1  amp. 
and  1  volt  is  1  watt,  which  is  thus  the  unit  of  measurement  of  electrical  energy.  One 
watt  corresponds  to  10^  ergs  per  second,  that  is,  1  joule  per  second  (p.  59),  that  is,  it  is 
almost  equal  to  the  work  produced  by  100  grms.  of  water  falling  from  a  height  of  1  metre. 
Since  this  value  is  small,  the  kilowatt  (kw.)  —  1000  watts  —  10^®  ergs  per  second,  that  is, 
a  Kilojoule  per  second,  is  used  in  practice,  and  a  horse-power  corresponds  to  736  watts. 

From  these  data  it  is  easy  to  calculate  the  electrothermic  equivalent,  knowing  that  a 

calorie  corresponds  to  41,800,000  ergs  (p.   59),  and  thus  the  work  produced  by  1  watt 

10^ 
per  second  corresponds  to       onr^r^ntk  "■  ^*2991    cal.    It  is   thus   possible   to   calculate 

41,800,000 

the  electrochemical  equivalent  as  we  have  found  above  that  96,540  coulombs  correspond  to 
1*008  grms.  of  hydrogen  or  107*938  grms.  of  silver,  being  the  chemical  equivalents  or  com- 
bining weights  expressed  in  grammes ;  thus  one  coulomb  corresponds  to  0*001,118,1  grm. 
silver. 

An  electric  current  passing  through  a  conducting  wire  or  a  solution  encounters  a  certain 
resistance  which  may  be  compared  with  the  resistance  encountered  by  water  flowing 
through  a  tube,  a  resistance  which  increases  with  the  length  of  the  tube  and  decreases  with 
its  cross-section. 

The  unit  of  resistance  is  the  iirrBBNATiONAL  ohm,  which  represents  the  resistance 
offered  to  the  passage  of  a  constant  current  by  a  column  of  mercury  106*3  cms.  long  and 
of  a  weight  of  14*4521  grms.  at  0^,  the  uniform  cross-section  thus  resulting  being 
1  sq.  mm. 

An  electrolytic  process  depends  upon  the  current  strength,  /,  whicbi  according  to 
Ohm's  law,  is  found  by  dividing  the  electromotive  force,  E,  by  the  resistance,  B: 

^       B' 

The  total  resistance  of  a  cell  is  made  up  of  the  sum  of  its  internal  resistance,  Bi,  and 

E 
the  resistance  of  the  external  circuit,  uniting  the  two  poles,  B2,  so  that  /  -«  — . 

Bi  -H  B2 

If,  for  example,  we  wish  to  calcidate  the  ciurent  strength,  /,  passing  through  a  system 

in  which  there  is  an  electromotive  force,  E,  of  3*4  volts,  when  the  circuit  is  broken,  with 

an  internal  resistance,  B,  of  0*6  ohm  and  an  external  resistance  of  the  circuit  uniting 

the  two  poles,  i^  «  4  ohms,  then  on  applying  the  general  formula,  we  find 

T  ^  3*4  ^  _ .  . 

/  —  — —  —  — —  0*74  ampdre. 

i?i  +  2?2      0*6  +  4  ^ 

If  the  electromotive  force,  E  (voltage),  of  a  source  of  electricity  remains  constant, 

the  current  intensity  (amperage)  may  be  modified  by  varying  the  resistances,  Bi  and  B^t 

and  since  the  resistance  of  a  homogeneous  wire  is  proportional  to  its  length,  I,  and  in  inverse 

proportion  to  its  cross-section,  S,  the  resistance  of  any  conductor  (rheostat)  can  be  calculated 

/ 

thus :   B  '^  k  —f  where  A;  is  a  constant  factor  called  specific  resistance,  which  depends 

S 

only  on  the  nature  of  the  conductor,  and  which  is  defined  for  any  substance  as  the  resistance 

of  a  length  of  1  cm.  of  1  sq.  cm.  cross-section.    In  the  case  of  copper,  k  ->  1*584  millionths 

of  an  ohm.  If  X;  is  the  specific  resistance  of  a  substcuice,  then  --  is  its  specific  condttcHvity, 

K 

which  in  the  case  of  metals  increases  with  diminution  of  the  temperature,  whilst  in  solutions 
it  generally  increases^as  the  temperature  rises. 

1  27 
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ELECTROMOTIVE  FORCE  OF  METALS ;   VOLTAIC  SERIES 
OF  THE  ELEMENTS 
If  a  zinc  plate  is  immersed  in  a  solution  of  copper  sulphate  it  is  noticed 
that  copper  is  immediately  deposited  on  the  zinc,  whilst  a  part  of  the  latter 
passes  into  solution  with  fonnation  of  zinc  sulphate. 

This  phenomenon  is  due  to  the  fact  that  the  electric  chaises  of  the  copper 
iona  are  given  up  to  the  zinc  plate  which  then  liherates  zmc  ions  chai^d  with 
electricity,  which  in  presence  of  SOj"  anions  replace  the  copper  forming 
zinc  sulphate.      Thus  the  process  continues  with  deposition  of  copper  ions 
and  formation  of  zinc  ions.     Although  there  is  thus  an  exchange  of  electric- 
charges,  we  cannot  detect  an  electric  current  in  this  liquid  because  this  con- 
tinual transformation  occurs  at  all  points  inside  the  liquid.    If,  on  the  other 
hand,  we  arrange  the  experiment  in  another  manner  as  a  Daniell  cell  (Fig.  172), 
we    may  study  this    pheno- 
menon more  closely  ;   K  is  an 
open     copper    cylinder     im- 
mersed in  a  cylinder,  P,   of 
porous  earthenware  closed  at 
the  bottom,  which  contains  a 
solution  of    copper  sulphate 
and  retains  it,  but  allows  the 
'  current     to   pass.     Z   ia    an 

open  cylinder  of  zinc,  im- 
mersed in  a  glass  vessel  which 
contains  zinc  sulphate.  If 
the  copper  cylinder  is  unit-ed 
with  the  zinc  cylinder  by 
means  of  a  metalUc  wire,  L, 
then  deposition  of  copper 
Fra.  172.  immediately    commences     on 

the  cylinder,  K,  and  simul- 
taneously the  corresponding  quantity  of  zinc  dissolves  in  Z.  If  we  inaert 
a  current  indicator  in  the  wire  circuit,  we  are  able  to  detect  an  electric  current 
passing  through  it  in  the  direction  from  the  copper  to  the  zinc  in  the  exter- 
nal circuit,  that  is,  in  the  wire  connecting  the  two  poles,  and  consequently 
from  the  zinc  to  the  copper  inside  the  cell.  The  copper  is  thus  the  cathode 
and  the  zino  the  anode.  By  means  of  an  electrometer  we  may  also  observe 
that  the  zinc  pole  has  a  potential  (voltage)  lower  than  that  of  the  copper 
pole,  and  thus  the  current  passes  from  the  former  to  the  latter  inside  the 
liquid  in  order  to  then  continue  from  the  copper  to  the  zinc  in  the  external 
circuit.  The  potential  difference  between  the  two  metals  remains  constant  even 
if  the  surface  and  the  distance  between  the  electrodes  are  varied,  and  within 
certain  limits  even  when  the  nature  of  the  anion  ia  varied.  If  one  of  the  met-als 
and  the  corresponding  salt  are  replaced  by  another  metal,  which  has  a  distinct, 
definite  and  constant  potential,  the  difference  of  potential  between  the  two 
metals  ol  the  elements  in  the  Daniell  cell  remains  constant  under  all  circum- 
stances. Each  couple  of  metals  has  a  constant  potential  difference  which  is 
characteristic  compared  with  that  of  other  metals  and  is  called  the  electro- 
motive force  of  the  metals  themselves. 

The  metal  of  lower  potential  acts  as  a  precipitant,  passing  into  solution, 
becoming  oxidised  and  acting  as  an  anode,  for  example,  zinc,  whilst  the  preci- 
pitated or  reduced  metal  acts  as  a  cathode  or  negative  pole  to  which  the  metallic 
cations  pass,  for  instance,  copper.  It  is  thus  possible  to  establish  voltaic 
series,  that  is,  to  arrange  the  metals  in  such  a  mannerthat  theyf  ollowone  another 
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in  a  series  in  which  one  metal  functions  as  precipitant  or  anode  compared  to 
another  of  higher  potential  which  is  precipitated  in  turn  as  cathode  by  another 
metal  of  still  higher  potential,  thus,  for  example,  cadmium  precipitates  metallic 
copper  from  copper  sulphate,  forming  cadmium  salts,  but  zinc  precipitates 
cadmium  from  cadmium  sulphate,  &c. 

By  Faraday's  law  a  certain  quantity  of  zinc  always  produces  the  same 
quantity  of  electricity  and  precipitates  different  quantities  of  other  metals  in 
proportion  to  their  equivalents,  that  is,  it  liberates  an  equal  number  of  their 
ions.  A  given  quantity  of  zinc — ^which  corresponds  to  a  definite  quantity 
of  electricity — in  order,  for  example,  to  separate  various  weights  of  cadmium 
and  of  copper,  must  necessarily  perform  different  amounts  of  electrical  work, 
but  the  quantity  of  electricity  being  constant,  it  must  act  with  a  different 
potential,  different  in  the  case  of  two  different  metals,  in  exactly  the  same  way 
as,  in  order  to  produce  different  amounts  of  work  with  the  same  quantity  of 
water,  it  is  necessary  to  allow  it  to  fall  from  different  heights. 

For  a  silver-zinc    couple  there  is  a  potential  difference  of  1-57  volts 

copper-zino         „  „  „  „  1-10 

cadmium-zinc     ,,  ,,  ,.  ,,  0'35 
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In  order  to  obtain  the  relative  value  of  the  potentials  of  the  elements  it 
is  necessary  to  choose  as  an  arbitrary  zero  the  potential  of  any  one  element, 
and  we  can  then  calculate  the  values  of  the  others  ;  if,  for  example,  in  such  a 
series  we  take  the  value  for  zinc  as  zero,  then  the  potential  of  silver  will  be  1-67, 
that  of  copper  1-10,  that  of  cadmium  0*35.  Starting  from  a  zero  which  is  not 
that  of  zinc,  it  has  been  possible  to  determine  the  tension  of  all  the  metals,  and 
we  can  thus  establish  the  following  electrochemical  series  of  the  elements 
which  commences  with  the  electropositive  alkali  metals  and  becomes  more 
negative  as  we  approach  the  non-metals  up  to  fluorine.^ 

Volts 


Cs     .         .         , 

.     + 

Tb\ 

Rb    . 

Fo^-, 

K     .         . 

Ca. 

Na    . 

^ 

Nr>. 

Mg    .         .        .. 

.     +1-24 

Sn-. 

Al     .         .         . 

.     +  J03 

Pb  . 

Mn    . 

.     +  0-82 

H   . 

Zn     . 

.     +  0-51 

Sb  . 

CM    .          .         . 

.      +  0:16 

5i  . 

Volts 

Volts 

+  Oil 

As  . 

.      -  0-65 

+  009 

Cu  . 

.      -  0-59 

-0-02 

Hg 

.      -  103 

-  002 

Ag. 

.      -  106 

-009 

Pd  . 

.      -  107 

-0-10 

Pt  . 

.     -  M4 

-  0-26 

Au  . 

.      -  1-36 

-0-38 

• 
• 
• 

-  0-50 

F     .         . 

« 

This  electrochemical  series  is  interesting  from  various  standpoints  ;  thus  the 
more  electropositive  metals  are  able  to  separate  those  which  are  less  electro- 
positive or  more  electronegative  from  solutions  of  their  salts.  Also  those 
metals  which  are  more  electropositive  than  hydrogen  have  a  solution  tension 
greater  than  that  of  the  H*  ions,  and  evolve  hydrogen  from  dilute  acids,  whilst 
this  cannot  occur  with  those  elements  which  are  more  electronegative,  that  is, 
which  have  a  smaller  potential.  Thus  copper  and  mercury  do  not  evolve 
hydrogen  with  acids,  and  mercury  is  purified  in  practice  by  washing  it  with 
nitric  or  sulphuric  acid  because  the  impurities  consisting  of  other  metals  dissolve 
rapidly  in  these  acids.  It  also  explains  why  it  is  not  possible  to  transform 
copper  directly  into  sulphate  by  the  action  of  sulphuric  acid,  so  that  in  order  to 
obtain  this  salt  it  is  necessary  to  first  oxidise  the  copper.  It  also  explains  why 
copper  is  frequently  used  industrially  for  the  construction  of  the  most  varied 
apparatus  to  resist  the  action  of  acids  (in  dyeing,  sugar  refining,  &c.). 

We  may  also  infer  a  priori  how  metallic  alloys  or  metallic  coatings,  such  as 
galvanised  iron  wire,  tin-plate,  &c.,  will  behave  in  presence  of  an  elcctrol^-te 

*  Tran^tor'tnoU. — In  this  scries  the  electropoHtive  elements,  i>.,  those  with  the  (+ )  sicn,  are  those  which  foim 
the  negaiw4  pole  of  a  cell,  and  vice  verta,  as  the  more  positive  Ions  travel  through  the  internal  circuit  viUh  tlie  cuneut. 
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or  even  in  presence  of  rain  water,  which  always  contains  small  amounts  of 
salts  and  of  carbon  dioxide  in  solution.  In  the  case  of  **  galvanised  "  (zinc- 
covered)  iron  wire,  the  zinc  will  go  into  solution  (become  oxidised)  but  not  the 
iron,  even  though  the  latter  is  partially  laid  bare  ;  whilst,  on  the  other  hand, 
tin-plate  will  easily  form  iron  rust  although  well  covered  by  tin  at  certain 
points,  because  the  potential  of  the  iron  is  higher  than  that  of  the  tin,  and  it 
will  therefore  readily  go  into  solution  and  become  oxidised. 

These  theoretical  deductions  are  strictly  confirmed  in  daily  practice. 

ELECTROLYSIS :  PRIMARY  AND  SECONDARY  PRODUCTS.  When  a  suffi- 
ciently ooncentrated  solution  of  sulphuric  acid  is  decomposed  by  electrolysis,  then  at  the 
anode,  instead  of  the  formation  of  oxygen  and  repeated  regeneration  of  sulphuric  acid 
as  occurs  in  the  case  of  slightly  acidified  water,  persulphuric  acid  and  oxygen  are  formed 
through  the  condensation  of  two  SO4  anions  with  I  mol.  of  water : 

2(S04)  +  HjjO  «  O  +  HeOgSa. 

Those  products  of  electrolytic  decomposition  which  result  directly  from  the  ions  are 
called  primary  products.  Thus,  in  the  case  of  HCl  the  primary  products  of  the  electrolytic 
dissociation  are  hydrogen  and  chlorine  formed  from  the  H  and  CI  ions.  In  the  dissociation 
of  sulphuric  acid  the  oxygen  may  be  considered  as  a  secondary  product  of  the  electrolysis 
because  it  is  formed  by  the  interaction  of  one  of  the  ions  with  another  substance,  water. 
On  electrolysing  HCl  in  very  dilute  solution  oxygen  is  formed  instead  of  the  chlorine  at  the 
anode  as  a  secondary  product,  because  2C1  +  HjO  =  2HC1  +  O,  and  thus  one  may  have 
both  primary  and  secondary  decomposition  of  water.  In  the  electrolysis  of  concentrated 
solutions  of  NaCl,  the  CI  anion  is  carried  to  the  anode  where  it  escapes  as  molecular  chlorine, 
but  at  the  cathode  metallic  sodium  is  not  formed,  but  hydrogen  instead,  because  the  metallic 
Na  cation  decomposes  water  as  soou  as  it  is  formed  and  evolves  hydrogen  (Na  +  H^O  »« 
NaOH  +  H).  In  this  case  Na  is  a  primary  product  and  H  and  sodium  hydroxide  the 
secondary  products. 

In  order  to  separate  the  ions  from  an  electrolytic  solution  at  the  cathode  and  the 
anode,  it  is  necessary  to  use  an  electromotive  force  which  increases  with  increase  of  the 
solution  tension  of  the  two  kinds  of  ions,  and  with  decrease  of  their  osmotic  pressure. 

Therefore,  in  order  to  separate  metals  electrolytically  it  is  necessary  to  take  into  aooount 
the  potential  difference  at  the  electrodes  and  not  merely  the  current  intensity.  In  a  solutian 
containing  both  zinc  and  copper  ions  it  is  possible  to  separate  the  copper  only  by  means 
of  a  current  of  low  electromotive  force,  but  with  a  current  of  higher  electromotive  force 
(greater  difference  of  potential)  zinc  may  also  be  separated. 

The  decomposition  voltage  of  certain  cations  and  anions  referred  arbitrarily  to  that 
of  hydrogen,  which  is  considered  as  zero,  is  the  following  :  Cations  :  Zn'  *  +  0-770  volt ; 
Cd"  +  0-420 ;  Pb"  +  0148;  Cu"  -  0-320  ;  Ag  -  0-771.  Anions :  SO4H'  -  2-6  volts  ; 
SO4"  -  1-9  ;  OH'  -  1-68  ;  Q'  -  1-417  ;  0"  -  1-08  ;  Br'  -  0-993  ;  I'  -  0-620.  fVom 
these  data  the  decomposition  voltage  of  the  most  varied  electrolytes  may  easily  be  calcu- 
lated. Thus,  in  order  to  electrolytically  decompose  zinc  iodide  of  normal  concentration, 
a  voltage  of  0-520  +  0-770  —  1-290  volts  will  be  necessary,  and  for  copper  sulphate, 
1-9  +  0-329  =  2-229  volts. 

In  order  to  interpret  the  electrochemical  phenomena  which  we  have  noted  in  the 
Daniell  cell,  that  is,  the  potential  difference  which  arises  between  a  metal  and  a  solution  of 
a  salt,  Nemst  compared  it  to  the  vapour  pressure  which  is  produced  by  a  liquid  in  a 
closed  vessel,  a  pressure  which  increases  imtil  equilibrium  is  attained  with  the  vapour 
tension  of  the  liquid  itself  {see  p.  81 )  or  the  osmotic  pressure  which  a  salt  exercises  i^hen 
dissolved  in  water,  a  pressure  which  increases  with  the  quantity  oiE  the  salt  until  it  is  in 
equilibrium  with  the  solution  tension.  Thus,  each  metal  immersed  in  a  solution  has  a 
tendency,  which  varies  according  to  its  nature,  to  give  off  ions  to  the.  solution.  This 
electrolytic  solution  tension  is  the  greater  the  smaller  the  number  of  metallic  cations 
already  present  in  the  solution,  that  is,  the  smaller  the  osmotic  pressure  of  the  dissolved 
cations.  In  reality,  however,  the  number  of  cations  which  a  metal  gives  up  to  a  solution 
is  extraordinarily  small,  because  as  these  are  positively  charged  and  the  metal  remains 
negatively  charged,  it  attracts  these  cations  and  equilibrium  occurs  when  as  many  ions 
enter  into  solution  as  are  deposited  at  any  given  moment.     But  since  the  electric  charge 
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ol  ft  few  metfttfio  iaaa  in  Bolution  is  very  large,  a  potential  difference  between  the  metal 
and  the  solution  may  be  immediately  obeerred,  a  difference  which  is  constant  for  each 
individual  met«l.    In  the  Daniell  cell,  we  have  a  potential  diSerence  between  each  of 
the  two  metals  and  the  respective  solutions.     The  electromotive  force  of  the  Daniell  coll 
does  not  depend  on  the  solution  tension  of  each  of  the  two  metals  only,  hut  also  on  the  osmotic 
pressure  of  the  dissolved  ions  of  each  metal,  and  since  this  pressure  is  almost  equal  for  the 
zinc  and  the  oopper  ions,  wiiilBt,  on  the  other  hand,  metAllic  zinc  has  a  solution  tension  much 
greater  than  metallic  copper,  the  current  will  pass  from  the  zinc  to  the  copper  in  the  internal 
circuit  and  the  zinc  will  remain  negatively  charged  (negative  pole),  because  it  gives  oft 
positive  cations.     The  copper,  on  the  other  hand,  will  be  positive  because  positive  copper 
cations  are  deposited  on  it.     If  we  now  diminish  the  osmotic  pressure  in  the  copper  sul- 
phate by  diminishing  the  number  of  the  Cu"  cations  by  means  of  the  addition  of  potassium 
cyanide,  which  forms  less  ionised,  complex  CufCN)^  with  Cu",  we  will  increase  the  tension 
of  the  copper  solution  and  a  larger  numbi-r  ot  cations  will  thus  pasH  into  solution  until 
they  reverse  the  direction  of  the  current.     The  electromotive  force  of  a  galvanic  cell  and 
the    electric    current   which 
ia    caused    by    it    depends 
more    particularly    on    the 
solution  tensions  of  the  two 
metals    and   we     may   thus 
consider  the  cell  as  a  ma- 
chine in  which  free  chemical 
energy  is   transformed    into 
free  electrical  energy.    The 
process  may  be  represented 
by     the    chemical    equation 
Zn  +  CuSO*  =  ZnSO*  +  Cu, 
that     is.     the     zinc     which 
displaces     the    copper    ions 
diaaolves,  that   is,    Incomes 
converted    into    ions,    and, 
on    the    other    hand,    con- 
verts    copper     ions      into 

neutral    deposited    copper:  Fia.  173. 

Zn  +  Cu"  -  Zn"  +  Cu. 

ACCUMULATORS.  A  very  important  type  of  reversible  cell  is  that  of  the  common 
lead-plate  accumulator,  which  consists  of  a  large  number  of  porous  leaden  plates  (Fig.  173) 
arranged  in  parallel  in  a  closed  reservoir  containing  very  pure  dilute  sulphuric  acid  of  20  io 
25  per  cent.  The  lead  plates  are  alternately  covered  with  lead  peroxide,  PbOi,  and  with 
lead  sulphate,  PbSO^.  All  the  plates  (P,)  covered  with  lead  peroxide  arc  connected  to 
one  another  and  form  an  anode  or  positive  pole,  a,  whilst  those  covered  with  lead  sulphate, 
/g  and  Pg,  are  also  connected  together  forming  a  cathode  or  negative  pole,  it.  By  passing 
a  current  in  through  the  positive  plate,  it  passes  through  the  acid  and  out  at  the  negative 
plate.  During  this  process  the  lead  sulphate  on  the  tatter  is  reduced  to  metallic  lead, 
whilst  a  corresponding  quantity  of  lead  peroxide  accumulates  on  the  other  plate  ;  when 
hydrogen  commences  to  be  evolved  from  the  lead  plate  and  oxygen  from  that  coated  with 
peroxide,  this  indicates  that  the  cell  is  charged,  that  is.  it  has  stored  up  electrical 
energy  (potential  energy :  see  p.  6)  ;  this  charge  is  retained  for  a  long  time,  so  long  as 
the  two  poles  are  not  brought  into  metallic  connection.  When  this  is  done  an  electric 
current  passes  in  the  reverse  direction,  iKcause  the  lead  peroxide  plate,  by  its  solution 
tension,  liberates  free  negative  ions  of  PbO^".  which  ncutrahae  the  positive  ions  of  Pb" 
formed  by  the  plate  of  spongy  lead,  forming  neutral  molecules  of  PbO  which  combine  with 
sulphuric  add  and  form  load  sulphate,  which  is  deposited  on  the  cathodic  plate  until  the 
accumulator  is  discharged.  Durii^  charging  the  following  chemical  reaction  occive  ; 
SPbSO*  +  2HjO  —  2HiS0«  +  Pb  +  PbOa,  and,  on  the  other  hand,  during  the  discbarge 
we  have  firstly :  PbOj"  +'Pb-  -  2 PbO,  and  then  2  PbO  +  2HjS0i -2  PbSO*  +  2HjO. 

Acctunulators  are  of  great  practical  importance  because  they  allow  hydro -electric 
energy  to  be  utilised  at  momente  in  which  it  would  otherwise  be  lost,  for  example,  at  night, 
so  that  it  may  be  used  at  times  when  a  large  supply  of  current  is  required  in  addition  to 
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the  ordinary  dynamo,  which  does  not  thus  require  to  be  so  large  beoatise  it  can  be  built 
of  a  size  proportionate  only  to  the  hydraulic  power  which  can  be  utilised  by  day. 

The  Bunsen  and  Leclanch6  cells  are  irreversible  cells  having  cathodes  of  zinc  and  anodes 
of  carbon,  and  when  a  current  is  passed  through  them  in  the  reverse  direction  they  do  not 
regain  their  original  condition.  All  cells,  however,  are  sources  of  electrical  energy  pro- 
vided by  reaction  between  ions,  and  in  every  chemical  reaction  it  can  be  shown  by  suitable 
apparatus  that  an  electrical  current  is  produced  if  the  substances  and  the  solutions 
taking  part  in  the  reaction  are  kept  separate  ;  then  the  ions  of  the  one  portion  pass  on 
their  electrical  diarge  to  the  other  electrode  by  means  of  the  interpolar  circuit,  causing 
the  formation  of  new  ions  which  are  formed  from  the  neutral  metallic  molecules  or 
neutralising  ions,  already  free,  of  opposite  charge. 

The  valency  of  metals  is  well  indicated  by  their  oxygen  compounds  in  which 
the  oxygen  is  always  divalent,  and  thus  the  metals  may  be  divided  into  8 
groups  according  to  their  valency.  These  groups  are  evident  in  the  periodic 
system  of  the  elements  which  will  be  considered  at  the  end  of  this  volume.  The 
metals  form  the  following  various  forms  of  oxides  commencing  with  the  group 
of  the  monovalent  metals  and  rising  up  to  the  metals  with  a  valency  of  8 : 


I 

II 

III 

IV 

V 

VI 

VTT 

VIII 

KjO 

MgO 

A1,0, 

SnOj 

BiA 

CrO, 

MiLjOy 

080« 

The  hydroxides  corresponding  to  the  first  two  groups  are  strong  ba^es 
such  as  KOH  and  Mg(0H)2,  substances,  that  is,  which  show  a  strongly  alkaline 
reaction  and  form  salts  with  metals.  The  bases  are  substances  formed  from 
metallic  cations  united  with  hydroxyl  residues  (OH  anions)  and  have  an 
opposite  chemical  action  to  the  acids  (p.  92) ;  the  acids  on  the  other  hand 
are  characterised  by  their  acid  taste,  by  their  property  of  reddening  blue 
litmus  solution  and  of  evolving  hydrogen  in  contact  with  almost  all  the  metals 
even  in  the  cold,  especially  with  magnesium  powder.  The  fundamental 
properties  of  bases  when  dissolved  in  water  are  due  to  the  OH  (anions)  indepen- 
dently of  the  nature  of  the  metal  which  they  contain,  and  the  OH  group  in 
solutions  of  the  bases  is  present  in  the  state  of  free  ions  and  produces  the 
alkaline  reaction. 

The  hydroxides  of  the  third  and  fourth  groups  possess  both  basic  and  acid 
characters,  so  that  they  form  salts  both  with  acids  and  with  bases.  The 
hydroxides  of  the  fifth  and  seventh  groups  are  not  known,  but  the  corresponding 
salts  are  well  defined,  and  they  may  thus  be  considered  as  anhydrides  which 
have  an  acid  character. 

The  metals  of  the  first  and  second  groups  form  peroxides,  such  as  NagOs, 
BaOg,  &c.,  which  are  more  highly  oxidised  and  do  not  form  salts,  but  easily  lose 
one  atom  of  oxygen  when  heated  with  oxy- acids,  and  form  chlorine  when  heated 
with  H(J1 ;  the  peroxides  of  lead  and  manganese,  PbO  and  Mn02,  behave  in  the 
same  manner. 

Acids  unite  with  bases  (or  oxides)  to  form  salts  with  separation  of  wat^r, 
and  thus  also  the  metallic  oxides  combine  with  acid  anhydrides  forming  salts, 
but  without  separation  of  water.  On  dissolving  metals  in  dilute  acids,  salts 
are  also  formed  :  Zn  +  H2SO4  =  ZnS04  -f  Hg.  However,  the  hydrogen  of 
the  acid  which  is  thus  evolved  may  sometimes  act  as  a  reducing  agent  on  the 
acid  itself.  Thus,  if  we  treat  zinc  \^dth  strong  sulphuric  acid,  sulphurous 
acid  and  even  hydrosulphuric  acid  are  also  formed  : 

SO4H2  +  H2  =  2H2O  +  S.O2.  and  also  SO4H2  +  4H2  =  4H2O  +  SHj. 

Nitric  acid  is  also  reduced  in  dilute  solution  ;  on  the  other  hand,  the  acids 
of  arsenic  and  antimony  are  more  stable,  and  phosphoric  acid  still  more  so. 
In  the  formation  of  salts  it  is  supposed  that  one  or  more  atoms  of  the  hydrogen 
of  the  acid  are  substituted  by  one  or  more  atoms  of  a  metal,  but  When  the  sate 
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is  formed  by  the  action  of  an  acid  on  a  base  which  has  more  than  one  hydroxyl 
(OH)  group,  that  is,  in  the  case  of  polyacid  bases,  such  as  Bi(0H)3,  Pb(0H)2, 
Zn(OH)2,  &c.,  in  contradistinction  to  polybasic  acids,  various  types  of  salts  may 
be  formed,  namely,  neiUral  salts,  in  which  all  the  OH  groups  of  the  polyacid 
\)a8es  are  replaced  by  acid  residues,  or  basic  salts,  in  which  only  a  part  of  the 
(OH)  hydroxyl  groups  are  replaced  as  may  be  seen  from  the  constitution  of 
the  foUowing  salts  : 


^^|ci 

Basic  zinc 
chloride 


rOH 

BU  OH 

Ino, 

fOH 
Bi^NO, 

Ino, 

fNO, 
Bi]  NO, 

Ino, 

Pb 

fOH 
NO, 

Dibasic  bismuth 
nitiate 

MonolNiaic 
bismuth  nitrate 

Neutral 
bismuth  nitrate 

Basic  lead 
nitrate 

FIRST  GROUP  OF  THE  METALS 
ALKALI  METALS 


(a) 
Atomic 
weight 

(6) 
Specific 
gravity 

(c) 

Atomic  volume, 

c  =  a:  b 

id) 
Melting- 
point 

Boiling- 
point 

Lithium 

Li 

7-00 

0-69 

11-9 

180^ 

Sodium 

Na 

2300 

0-97 

23-7 

96° 

742^ 

Potassium   . 

K 

3910 

0-87 

45-0 

62-5° 

667* 

Rubidium    . 

Bb 

85-45 

1^52 

561 

38-5° 

— 

Caesium 

Cs 

132-81 

1-88 

70-7 

26-5*' 

270° 

As  the  atomic  weight  of  these  metals  rises,  so  does  the  specific  gravity, 
and  even  more  so  the  atomic  volume,  whilst,  on  the  other  hand,  the  melting- 
and  boiling-points  become  lower. 

As  in  the  case  of  the  first  group  of  non-metals — ^that  of^^  the  halogens — 
the  acid  character  was  most  pronounced,  so  also  the  first  group  of  the  metals 
has  a  more  pronounced  alkaline  (basic)  character  than  the  others. 

These  metals  oxidise  in  the  air,  and  decompose  water  already  in  the  cold 
forming  hydroxides  ^  soluble  in  water  and  of  strongly  alkaline  reaction,  which 
are  not  decomposed  even  on  heating  to  redness.  They  have  an  alkaline 
reaction  which  is  the  greater  the  higher  their  atomic  volume  ;  lithium  has 
the  least  markedly  basic  reaction.  All  the  metals  of  this  group  are  in  general 
monovalent. 

These  elements  can  be  divided,  according  to  their  chemical  resemblances, 
into  two  sub-groups.  Caesium,  rubidium,  and  potassium  have  a  more  alkaline 
character  and  form  coniparatively  insoluble  tartrates  and  chloroplatinatcs, 
which  are  used  to  separate  them  from  the  other  sub-group,  forming  tartrates 
and  chloroplatinatcs,  which  are  more  soluble.  Also  the  carbonates  and  bicar- 
bonates  of  Cs,  Rb,  and  K  are  deliquescent,  whilst  those  of  sodium  and  lithium 
are  not  deliquescent  in  the  air,  and  lithium  carbonate  is  not  very  soluble  in 
water. 

^  The  heat  of  formation  of  the  iiydroxides  dissolved  in  water,  starting  from  the  elements,  is  as  follows :  Li.OH  aq. 
-  491  Kj.  (117,400  caUi.)  ;  NaOU  aq.  -  467-8  Kj.  (111,800  cals.) ;  KOH  aq.  =  487  Kj. ;  whilst  the  heat  of  fonua- 
tion  of  water  from  its  elements  is  286  Kj.  Therefore,  by  the  thcrmochemical  law  of  the  tendency  to  the 
formation  of  more  stable  compounds  with  the  maximum  evolution  of  heat,  the  reason  why  the  allcaliiie 
oxides  decompose  water  forming  the  more  stable  alkali  hydroxides  is  explained,  and  thus  in  general  all  metals 
which  form  hydroxides  having  a  heat  of  formation  greater  than  286  Kj.  are  able  to  decompose  water  either  on 
heating  or  in  the  cold,  and  do  so  the  more  energetically  the  greater  is  the  heat  of  formation  of  the  respective 
hydroxides. 
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POTASSIUM :   K,  39.10 

Whilst  various  potassiiun  salts,  such  as  the  carbonate  and  nitrate,  hare  been 
known  since  the  most  remote  antiquity  and  have  been  studied  for  some  time, 
free  potassium  was  obtained  for  the  first  time  by  Davy  in  1807  by  decompoBing 
potassium  hydroxide,  which  was  then  believed  to  be  a  simple  substance,  by 
means  of  a  powerful  electric  current.  Potassium  in  combination  is  abundant 
and  widely  distributed  in  nature.  It  is  found  in  all  soils,  because  it  is  a  con- 
stituent of  many  rocks,  especially  of  felspar,  a  double  silicate  of  aluminium  and 
potassium,  which  by  weathering,  together  with  the  other  constituents  of  granitic 
rocks,  is  continuously  forming  constituents  of  new  arable  soil.  It  is  thus  found 
as  a  normal  constituent  of  all  vegetables  in  the  form  of  organic  salts,  and 
remains  accumulated  in  the  ashes  of  plants  in  the  form  of  carbonate. 

It  is  found  as  chloride  and  sulphate  in  sea  wa'ter,^  1  cu.  metre  of  which  con- 
tains 0-6  grm.  of  KCl,  being  carried  into  the  sea  by  the  rivers  which  annually 
transport  about  50,000,000  tons  of  potassium  salts. 

At  one  time  potassium  salts  were  obtained  from  wood  ashes  which  were 
specially  produced  by  the  destruction  of  enormous  Russian  and  American 
forests,  but  since  Frank,  in  1860,  showed  the  extraordinary  importance  of  the 
immense  saline  deposits  at  Stassfurt,  near  Magdeburg,  by  his  memorable  work, 
potassium  salts  have  been  prepared  from  the  salts  in  these  deposits  and  the 
numerous  other  deposits  which  are  found  in  North  Germany. 

The  origin  of  the  saline  deposits  of  Stassfurt  is  explained  in  the  following  manner. 
Rain  water  dissolves  potassium  salts  from  the  soil  and  the  rocks,  and  those  which  are  not 
absorbed  by  plants  are  carried  ont  to  sea.  By  the  natural  evaporation  of  the  water  of 
bygone  seas,  large  deposits  of  salts  were  formed  arranged  in  the  order  of  their  solubility. 

The  lowest  strata  of  these  deposits  consist  of  sodium  chloride  (rock  salt)  and  in  some 
localities  their  thickness  is  more  than  1000  metres.  Above  the  sodium  chloride  strata 
of  camallite,  a  double  chloride  of  magnesium  and  potassium,  ISlAgCls  +  KCl  +  6H2O, 
are  formed  of  a  thickness  of  20  to  40  metres.  After  the  complete  evaporation  of  these 
seas,  the  camallite  would  certainly  be  easily  redissolved  by  rain  water  excepting  where, 
through  the  action  of  the  wind  or  through  foldings  of  the  earth's  crust,  these  strata  were 
covered  by  other  strata  of  earth  or  rocks  impermeable  to  water,  which  preserved  them 
until  to-day.  Where,  however,  water  was  able  to  penetrate  to  the  camallite,  this  dissolved 
the  magnesium  chloride  by  preference  and  left  the  important  deposits  of  sylvine,  which 
consist  of  almost  pure  KCl  and  are  very  valuable.  The  water  saturated  with  MgCIo, 
on  filtering  through  strata  of  gypsum,  became  saturated  with  calcium  sulphate  and  then 
in  contact  with  other  salts  of  magnesium  and  potassium,  such  as  camallite,  new  salts  were 
formed  which  collected  as  large  deposits  of  kainitey  MgS04.K2S04.]Sk^Cl2  +  6H2O. 

The  importance  and  the  great  development  of  the  industry  of  the  potassitim  salts  in 
Germany  may  be  seen  from  the  following  Tables  which  show  the  annual  production  : 

In  1865  about      100,000  tons  of  various  potassium  salts  were  obtained 


1875 

500,000 

1885 

1,000,000 

1895 

1,600,000 

1901 

3,500,000 

1904 

4,085,000 

1906 

5,650,000 

1908 

6,100,000 

1909 

6,900,000 

ft  ft  )l  » 

»»  ff  »»  )) 

»>  9f  ff  99 

>»  »  >f  99 

99  »»  >»  » 

>»  »»  9*  »> 

»  f>  >»  » 

»»  >»  »>  » 


The  salts  extracted  in  1906  were  valued  at  about  £4,400,000  ;  the  salts  extracted  in  1904 
consisted  of  1,906,000  tons  of  kainite  and  2,179,000  tons  of  other  potassium  salts,  that  is, 
camallite,  schonite,  and  sylvine.  12  to  14  per  cent,  of  the  potassium  salts  are  used 
industrially,  and  the  rest  for  agricultural  purposes,  of  which  more  than  two-fifths  are 

>  In  SardiniAD  salt,  Pavesi  found  7-85  per  cent,  of  potassium  sulphate  and  6-72  pei  cent,  of  potaasium  chloride : 
in  tbat  from  the  saline  spring  of  Voltena,  Funaro  found  12-5  per  cent,  of  potassium  sulphate  and  0-55  per  cent 
of  potassium  chloride. 
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exported.  la  1009  148,500  tons  were  exported  to  the  United  States,  13,330  tons  to 
Austria,  8900  tons  to  Rnssiay  17,700  tons  to  France,  4130  tons  to  Italy,  &o.i 

For  several  years  a  syndicate  of  the  potassiiun  salt  works  has  been  formed,  dissolved 

and  reformed  several  times,  and  undertakes  the  sale  of  the  products  of  Leopoldshall 

"and  Stasafurt.    In  1910  the  syndicate  was  reconstituted  and  comprises  65  works  which 

control  almost  the  entire  production,  only  3  works  being  excluded.     The  convention  will 

last  until  1915,  but  may  be  prolonged  to  1925. 

It  is  interesting  to  note  how  this  enormous  consumption  of  potassium  salts  for  agri- 
cultural purposes  is  distributed  among  the  various  countries,  and  in  order  to  make  the 
comparison  dear,  we  will  express  the  amounts  of  various  salts  in  kilos  of  potassium  oxide, 
KgO,  per  1000  inhabitants  and  per  square  kilometre  of  arable  land.  We  then  obtain  the 
following  results  for  1895  and  1901 : 


Oountriea 

Coiuumption  in  kilos  of  KtO 
per  1000  inhabitanto 

Consumption  of  potasBium 

aalU — KiO — per  sq.  km.  of 

arable  land 

1806 

1901 

1895 

1901 

Holland         .... 

515-6 

1900-6 

125-3 

461-9 

Germany       .... 

1151*2 

2638-5 

171-0 

391-9 

Belgium         .... 

443-4 

970-4 

136-0 

297-7 

Sweden          .... 

1019-7 

1874-6 

145-0 

266-6 

Scotland        .... 

102-3 

889-5 

14-0 

254-6 

Switzerland  .... 

2710 

550-0 

39-2 

79-6 

England        .... 

85-0 

135-6 

7-0 

61-5 

United  States  of  America 

465-7 

1045-8 

24-1 

54-0 

Austria          .... 

410 

130-0 

5-6 

17-8 

France           .... 

130-7 

163-2 

13-4 

16-8 

Spain 

20-0 

139-4 

1-3 

8-5 

Italy 

280 

41-7 

4-3 

6-4 

Russia            .         .         «         . 

4-5 

201 

0-2 

1-0 

If,  on  the  one  hand,  it  is  disquieting  to  find  Italy  almost  at  the  bottom  of  this  thermo- 
meter of  agricultural  progress,  it  will,  on  the  other  hand,  serve  as  a  stimulus  to  more  rapid 
progress  in  order  to  equal  that  of  the  other  nations.  It  is  necessary,  however,  to  say 
that  during  the  last  few  years  a  very  considerable  increase  in  the  consumption  of 
potassium  salts  has  also  occurred  in  Italy  {see  below.  Chloride  and  Sulphate).  In  1903 
1000  tons  of  kainite  were  imported,  and  about  2000  tons  in  1908  at  £2  Ss.  per  ton  delivered 
at  Genoa. 

Free  metallic  potassium  is  prepared  by  heating  a  mixture  of  30  parts  of 
potassium  carbonate  with  13  parts  of  wood  charcoal  and  5  parts  of  gypsum  : 
K2CO3  +  2C  =  SCO  +  K,. 

'  Tbe  potaaBium  salts  were  used  in  Germany  and  other  countries  in  1908  for  the  following  purposes : 


For 

For 

potaasium 

conver- 

For 

For 

For 

carbonate 

ftion 

potaasium 

potaasium 

For 

For 

various 

• 

and 
hydroxide 

saltpetre 

chromate 

chlorate 

alum 

manures 

purposes 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Potassium     "] 

in  Germany  . 

78.425 

20,158 

578 

517 

— 

100 

5402 

ehloddeof 

80  per  cent. 

'in  other  coon- 

strength   .  )     tries        ..,. 

4,440 

20,735 

8,118 

17,682 

480 

132,135 

4750 

Fotaasimn 

in  Germany  . 

__ 

^^ 

_^ 

__ 

494 

92 

2235 

sulphate  of 

» 

90  per  cent. 

in  other  coun- 

strength   . 

tries 

^^ 

~'^ 

"■^               ~~^ 

2,183 

49.508 

140 
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The  industrial  methods  are  almost  the  same  as  those  employed  iit  the 
manufacture  of  metallic  sodium,  and  will  be  described  when  speaking  of  that 
metal.  At  one  time,  tartar,  that  is,  potassium  bi tartrate,  which  already  con- 
tains sufficient  quantities  of  lime,  was  used,  being  heated  to  a  white  heat  in 
iron  retorts,  and  the  vapours  of  potassium  were  condensed  in  vessels  containing 
mineral  oils  (petroleum)  which  protected  the  potassium  from  oxidation  or  froin 
catching  fire  in  the  air.  Potassium  carboxide  (KOC),  was  generally  obtained, 
together  with  the  potassium,  and  is  explosive  ;  it  also  obstructed  the  pipes  and 
diminished  the  yield.  According  to  C.  Winkler  (1890)  the  production  of  thL> 
product  is  avoided  by  directly  reducing  fused  potassium  hydroxide  with  red-hot 
magnesium  : 

KOH  +  Mg  =  MgO  +  H  +  K. 

To-day,  however,  potassium  is  mainly  prepared  from  potassium  chloride  by 
electrol}iiic  means,  by  an  industrial  process  analogous  to  that  which  we  will 
describe  in  the  case  of  sodium.  It  appears,  however  (Ger.  Pat.  140,737  of 
1902),  that  pure  potassium  may  be  obtained  at  a  low  price  by  distilling  a  mixture 
of  potassium  fluoride  or  fluosilicate  with  aluminium  at  a  comparatively  low 
temperature. 

Potassium  is  purified  by  redistillation  and  by  squeezing  it  through 
cloths. 

Potassium  is  a  metal  which,  when  molten  out  of  contact  with  the  air,  has 
a  silvery  appearance  and  may  crystallise  in  octahedra  on  solidifying.  At  the 
ordinary  temperature  it  is  soft  and  is  easily  cut  with  a  knife.  It  has  a  specific 
gravity  of  0-87,  melts  at  62°  and  evaporates  at  about  720°,  forming  greenish 
vapours.  It  combines  actively  with  oxygen,  forming  the  oxide,  which  fo^ll^ 
a  hydroxide  with  water,  and  for  this  reason  it  readily  decomposes  many  oxygen 
compounds.  It  is  almost  unaffected  by  perfectly  dry  ox^^gen,  but  a  trace 
of  water  suffices  to  cause  energetic  reaction  ;  in  this  case  the  water  exercises 
a  catalytic  influence. 

When  a  piece  of  potassium  is  placed  in  water  the  liquid  is  immediately 
decomposed  with  evolution  of  hydrogen,  and  so  much  heat  is  also  formed  that 
J)he  potassium  melts  on  the  surface  of  the  water  and  catches  fire,  together  w  ith 
the  hydrogen. 

It  readily  combines  with  the  halogens,  and  metallic  potassium  on  dissociating 
into  ions  evolves  259  Kj.,  which  fact  explains  why  it  is  possible  to  abstract 
chlorine  from  boron  chloride  and  silicon  chloride  in  the  preparation  of  free 
boron  and  silicon.  Potassium  salts  in  general  give  a  pale  violet-blue  colour 
to  the  Bunsen  flame. 

There  is  no  large  demand  for  metallic  potassium,  and  it  is  to-day  placed  on  the  market 
in  small  balls  under  petroleum  at  a  price  of  £2  16«.  per  kilo,  whilst  in  1865  it  cost  £10. 

POTASSIUM  HYDRIDE  :  KH.  This  compound  is  one  of  the  few  hydrogen  com- 
pounds of  metals.  It  is  a  solid  of  silvery  appearance  and  is  obtained  by  passing  a  current 
of  hydrogen  over  molten  potassium  at  300°  to  400°.  It  is  decomposed  by  water  with 
evolution  of  hydrogen,  catches  fire  spontaneously  in  the  air,  and  when  heated  in  incuo 
first  melts  and  then  gradually  dissociates  above  200°  as  the  temperature  is  raided. 

If  heated  in  vacuo  in  a  cloted  vessel  so  that  the  evolution  of  hydrogen  is  hindered,  thi^^ 
exercises  a  pressure  which  reaches  45  mm.  at  330°,  and  prevents  further  dissociation. 
If  the  pressure  is  increased  the  reverse  reaction  occurs,  that  is,  the  free  hydrogen  acts  on 
the  potassium  which  has  already  been  liberated  and  KH  is  again  iormed.  Exothermic 
compoimds  generally  behave  in  this  manner,  whilst  in  the  case  of  endothermic  compounds 
the  products  of  decomposition  or  dissociation  do  not  reoombine  under  pressure. 

POTASSIUM  OXIDE  :  KgO.  This  compound  has  only  recently  been  prepared  by 
heating  a  mixture  of  potassium  nitrate  and  potassium  in  the  proper  proportions : 

KXO3  +  5K  -  3K2O  +  N. 
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It  forms  a  grey  crystalline  mass  which  becomes  yellowish  in  the  air  through  formation  of 
Potassium  Peroxide,  K2O2.    It  reacts  energetically  with  water,  with  which  it  catches  fire. 

POTASSIUM  HYDROXIDE:    KOH  (CAUSTIC  POTASH) 

This  compound  is  prepared  on  the  large  scale  by  adding  calcium  hydroxide 
(milk  of  lime)  to  a  boiling  dilute  solution  of  potassium  carbonate,  KgCOg, 
of  12°  to  13°  Be. ;  KjCOa  +  Ca(0H)2  =  COgCa  +  2K0H.  The  reaction  is, 
however,  reversible,  and  therefore  in  order  to  obtain  a  good  yield  the  concen- 
tration and  temperature  must  be  maintained  between  certain  limits.  The 
solution  of  KOH  is  decanted  from  the  iixsoluble  calcium  carbonate  and  con- 
centrated in  iron  pans,  rejecting  the  salts  which  are  first  deposited  and  which 
mainly  consist  of  potassium  carbonate  and  sulphate. 

The  electrolytic  preparation  of  this  compound  from  potassium  chloride 
in  an  analogous  manner  to  the  process  which  we  will  describe  for  sodium 
hydroxide,  has  to-day  been  greatly  developed. 

In  Germany  in  1903,  12,000  h.p.  were  employed  for  the  production  of 
28,000  tons  of  electrolytic  potassium  hydroxide,  and  48,000  tons  of  chloride 
of  lime  ;  5000  tons  of  electrolytic  sodium  hydroxide  and  12,000  tons  of  the 
corresponding  chloride  of  lime  were  also  produced. 

PROPERTIES.  Pure  potassium  hydroxide  is  a  white  crystalline  solid 
which  melts  fairly  easily  at  a  dull  red  heat  and  evaporates  unaltered  at  much 
higher  temperatures.  It  absorbs  water  very  energetically  and  is  deliquescent 
in  the  air.  It  very  readily  absorbs  carbon  dioxide  from  the  air  forming  potassium 
carbonate.  In  aqueous  solution  it  has  a  strongly  alkaline  reaction,  and  readily 
saponifies  fats.  It  attacks  the  skin  and  many  organic  substances  energetically, 
dissolving  them.  From  a  concentrated  solution,  a  solid  hydrate  KOH.2H2O 
separates  in  the  cold. 

Potassium  hydroxide  readily  reacts  with  the  halogens  : 

6K0H  -f  61  =  5KI  -I-  IO3K  -f  3H2O. 

On  passing  chlorine  into  a  cold  solution  of  KOH,  potassium  hypochlorite, 
KCIO,  is  formed ;  if  the  solution  is  hot,  potassium  chlorate,  KCIO3,  is 
formed. 

Potassium  hydroxide  is  easily  dissociated  in  aqueous  solution  into  the  ions 
K'  and  OH'.  On  pouring  this  solution  into  that  of  a  neutral  salt,  such  as 
ZnS04,  which  is  dissociated  into  Zn"  and  SO4",  a  zinc  cation  unites  with 
the  OH'  anions  and  separates  as  the  hj^droxide  Zn(0H)2,  because  this  is  only 
slightly  soluble.  This  reaction  is  general  for  all  soluble  salts  of  those  metals 
which  form  only  slightly  soluble  hydroxides.  These  general  reactions  of  KOH 
are  due  to  the  OH'  anion,  and  not  to  the  cation  K',  because  on  employing 
NaOH  or  RbOH,  &c.,  the  identical  reactions  due  to  the  OH'  anion  are  always 
obtained,  and  are  common  to  all  the  hvdroxides  of  the  various  alkali 
metals. 

On  evaporating  solutions  of  KOH  a  solid  mass  is  obtained,  which  melts 
easily  and  may  then  be  formed  into  solid  sticks  if  the  fused  mass  is  poured  into 
cylinders  of  well-polished  iron  or  into  silver  moulds  (see  NaOH). 

APPLICATIONS  AND  PRICES.  Potassium  hydroxide  is  used  in  large 
quantities  for  the  manufacture  of  soft-soap  and  of  the  more  refined  soaps, 
which  cannot  be  obtained  with  sodium  hydroxide  alone.  It  is  also  used  in 
the  preparation  of  oxalic  acid  and  for  preparing  caustic  lyes,  although  to-day 
it  is  replaced  wherever  possible  by  sodium  hydroxide,  which  is  cheaper. 

Vessels  in  which  KOH  is  kept  must  be  closed  hermetically  so  that  it  may 
not  absorb  HgO  and  COg. 

The  fused  commercial  product  containing  80  per  cent,  of  hydroxide  costs 
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about  £26  to  £28  per  ton,  and  that  oontaining  90  per  cent,  of  hydroxide  £30  to 
£32.  The  pure  product  in  sticks  costs  about  £5  48.  per  100  kilos,  and  when 
purified  with  alcohol  as  much  as  £10.  Solutions  containing  60  per  cent,  of 
KOH  are  sold  at  £20  per  ton. 

In  1908  Germany  exported  22,245  tons  of  potassium  hydroxide  valued  at 
£389,280,  and  in  1909  27,477  tons.  In  1907  Italy  imported  758-3  tons  and  in 
1908  796-9  tons  valued  at  £63,680. 

POTASSIUM  CHLORIDE :   KCl 

This  compound  is  found  abundantly  in  the  Stassfurt  deposits  as  sylvine,  or 
mixed  with  magnesium  chloride  as  camallite,  MgClj.KCl  +  6H2O,  which  is 
ordinarily  treated  for  the  extraction  of  the  chloride  at  a  comparatively  cheap 
cost,  because  it  is  more  abundant.  By  treating  it  with  a  little  hot  water 
or  with  mother  liquors  already  saturated  with  MgClj,  it  is  possible  to  separate 
the  KCl,  because  the  MgCl^  is  more  soluble.  Also  by  melting  camallite  at 
176°  75  per  cent,  of  the  potassium  chloride  may  be  obtained  almost  pure  in  the 
solid  form  on  cooling. 

The  potassium  chloride  is  purified  by  recrystallisation  from  water  and  forms 
glassy,  cubic  crystals  of  sp.  gr.  1-98  ;  it  melts  at  800°  and  evaporates  on  prolonged 
heating  to  redness.  At  0°  100  parts  of  water  dissolve  28  parts  of  KCl ;  at  100'- 
they  dissolve  57  parts.    It  is  almost  insoluble  in  alcohol. 

KCl  is  used  for  the  preparation  of  many  other  salts,  and  the  crude  material 
is  used  in  agriculture  as  a  fertiliser.  In  1905  Italy  produced  6000  tons  of 
crude  chloride  ;  in  1904  it  imported  3460  tons  of  the  value  of  £32,900,  in  1906 
4035-6  tons,  and  in  1908  6811-8  tons  of  the  value  of  £56,960. 

In  1905  Germany  exported  157,100  tons  of  potassium  salts,  especially 
of  the  chloride,  of  the  value  of  £1,106,000,  and  in  1909  the  exports  increased 
to  220,000  tons,  the  total  production  being  about  300,000  tons. 

Considerable  quantities  of  potassium  chloride  are  used  for  the  preparation 
of  potassium  nitrate  from  sodium  nitrate.  The  commercial  product  containing 
80  to  90  per  cent,  of  KCl  costs  about  £10  per  ton  at  Genoa.  When  chemically 
pure  it  costs  £28  per  ton. 

POTASSIUM  BROMIDE  :  KBr.  This  compound  is  obtained  by  treating  a  hot  solution 
of  potassium  hydroxide  with  bromine  :  6K0H  +  ZBt^  -  5BrK  +  SHjO  +  BrOsK.  The 
solution  is  evaporated  to  dryness,  mixed  with  carbon,  and  then  heated  to  redness ;  all  the 
bromate  is  thus  transformed  into  potassium  bromide  :  BrOgK  +  3C  »=  3C0  +  BrK.  It 
is  more  economically  prepared  from  a  solution  of  iron  bromide,  FejBrg,  by  heating  it 
with  a  solution  of  potassium  carbonate.  The  precipitated  iron,  consisting  of  carbonate, 
oxide,  &c.,  is  separated  by  a  filter  press,  and  the  solution  is  then  concentrated.  Tlie 
solution  is  purified  by  recrystallisation  from  water. 

This  bromide  is  a  white  salt  of  sp.  gr.  2-4,  easily  soluble  in  water,  but  less  soluble  in 
alcohol,  and  melts  at  740° ;  it  has  a  very  salty  taste  and  is  used  in  photography,  and  in 
medicine  as  a  soporific.     It  costs  4«.  per  kilo  retail,  or  £8  per  100  kilos  in  large  quantities. 

In  1905  Germany  exported  634-1  tons  of  KBr  and  other  bromides  of  the  value  of  £69,760. 
In  1906  Italy  imported  19-8  tons  of  the  bromide  and  in  1909  32-7  tons  of  the  vahie  of 
£2616. 

POTASSIUM  IODIDE:  KI.  This  compound  is  obtained  in  the  same  manner  as  the 
bromide,  but  the  potassium  iodate  which  is  produced  may  be  reduced  with  hydrogen 
peroxide :    lOsK  +  3H2O2  -  IK  +  3H2O  +  3O2. 

It  is  prepared  pharmaceutically  by  first  preparing  an  iron  iodate,  Fel2.Fe2l6>  by  the 
interaction  of  iron  on  iodine,  and  then  decomposing  this  with  a  hot  solution  of  potassium 
carbonate :  Feji^  +  4K2CO3  -  8KI  +  4CO2  +  FeaO*. 

(Considerable  quantities  are  to-day  prepared  from  the  cuprous  iodide  which  is  obtained 
in  the  treatment  of  Chili  nitrate,  the  copper  being  separate  with  H2S. 

It  forms  white  cubic  crystals  of  sp.  gr.  3  ;  it  melts  at  720**  and  then  easily  evaporates. 
10  parts  of  KI  dissolve  in  7  parts  of  water  or  25  parts  of  alcohol.    Various  metallic 
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iodides  which  are  insoluble  in  water  dissolve  in  aqueous  solutions  of  KI,  forming  double 
salts,  such  as  Hgl2.2KI. 

Solutions  of  KI  also  dissolve  considerable  quantities  of  iodine,  as  an  I3  ion  (from  KIs) 
is  formed  in  solution,  which  is  only  partially  dissociated  into  I^  and  I. 

KI  is  much  used  in  medicine  because  it  accelerates  the  metabolism  of  the  blood  and  is 
of  use  after  mercurial  treatment.  It  is  also  employed  in  photography.  It  costs  about 
£1  per  kilo. 

In  1005  Germany  alone  exported  170*4  tons  of  KI  and  other  iodine  preparations,  valued 
at  £263,960.  In  1904  Italy  imported  37-9  tons  of  bromides  and  iodides  at  an  average 
price  of  5s.  Id.  per  kilo,  in  1906  it  imported  53-5  tons  of  iodides,  and  in  1908  20-6  tons, 
valued  at  £18,128. 

POTASSIUM  FLUORIDE  :  KF.  This  compound  is  obtained  by  saturatmg  hydro- 
fluoric acid  with  potassium  carbonate.  It  is  a  salt  which  dissolves  in  water  and  attacks 
glass.  It  easily  forms  double  salts  with  other  salts  of  less  electropositive  metals,  and  with 
HF  it  forms  potassium  hydrogen  fluoride,  KF.2HF  and  also  Kr.3HF. 

With  fluosilicic  acid,  SLFeH2*  solutions  of  potassium  salts  form  a  gelatinous  precipitate 
of  pokusium  fUiosUicate  SiFsK2,  which  is  only  very  slightly  soluble  in  water. 

POTASSIUM  HYPOCHLORITE  :  ClOK.  This  compound  is  obtained  from  KOH  and 
CI,  but  if  excess  of  chlorine  is  present,  potassium  chlorate  is  formed,  especially  on 
heating : 

2K0H  +  CI2  -  Ka  +  aOK  +  HgO. 

It  is  only  known  in  aqueous  solution  and  was  much  used  for  bleaching  vegetable  fibres 
under  the  name  of  *'  eau  de  JavoUe  "  ;  for  this  purpose,  sodium  hypochlorite  is  used  by 
preference  to-day  {see  below).    On  evaporating  this  solution  to  dryness  it  decomposes  : 

3aOK  -  2KC1  +  ClOsK 

POTASSIUM  CHLORATE :    KCIO3 

Whilst  the  hypochlorite  is  formed  with  a  limited  quantity  of  chlorine, 
the  chlorate  is  obtained  by  passing  an  excess  of  chlorine  into  a  solution  of 
potassium  hydroxide,  even  in  the  cold,  but  preferably  at  90°  : 

6K0H  +  3CI2  =  5KC1  +  3HaO  +  KClOs  ; 

it  is  also  obtained  by  heating  the  solution  of  the  hypochlorite  : 

SaOK  =  KaOa  +  2KC1. 

Until  a  few  years  ago  the  chlorate  was  prepared  on  the  large  scale  by  the 
old  process  of  Liebig  (1842)  by  passing  chlorine  into  milk  of  lime,  contained 
in  cast-iron  cylinders  provided  with  stirrers,  at  40°.  A  solution  of  calcium 
chlorate  was  thus  obtained  and  was  decomposed  after  filtration  with  the  cal- 
culated quantity  of  potassium  chloride.  The  liquid  was  partially  evaporated, 
and  crystals  of  potassium  chlorate,  which  is  not  very  soluble,  were  then  obtained 
and  were  purified  by  recrystallisation  from  water  : 

Ca(a03)2  +  2KC1  =  CaCla  -h  2CIO3K. 

In  this  process  some  chlorine  is  lost  in  the  form  of  CaCl2,  which  is  of  no 
value.  To-day  it  has  been  replaced  by  the  electrolytic  method,  since  Oettel 
has  shown  that  on  electrolysing  concentrated  alkaline  solutions  of  potassium 
chloride  in  the  heat,  potassium  chlorate  is  readily  obtained.  The  process  of 
Galle  and  Montlaur,  who  used  diaphragms,  was  first  used,  but  to-day  diaphragms 
are  largely  dispensed  with. 

The  electrolysis  is  conducted  in  lead-lined  wooden  vessels  of  a  capacity  of  5  cu.  metres, 
which  are  insulated  below  by  a  vessel  of  oil.  The  anodes  are  formed  of  iridio -platinum 
plates  containing  10  per  cent,  of  iridium,  1  mm.  thick.  The  cathodes  are  formed  of  an 
alloy  of  iron  and  nickel  coated  with  asbestos  in  order  to  discharge  hydrogen  more 
readily.  On  working  with  a  current  of  465  amps,  at  an  E.M.F.  of  5  volts,  the  temperature 
of  the  electrolyte  is  raised  to  45°,  and  then  the  transformation  of  the  hypochlorite,  whioh 


480  INORGANIC    CHEMISTRY 

is  first  formed,  into  potAssium  chlorate  occurs.  This  crystallises  and  separates,  whOst 
the  bath  is  gradually  replenished  with  more  potassium  chloride.  One  horse -power  is  con- 
sumed per  24  hours  in  order  to  obtain  1  kilo  of  potassium  chlorate. 

C.  Kellner  electrolyses  a  concentrated  solution  of  potassium  chloride,  saturated  in  the 
cold,  without  diaphragms  with  the  addition  of  about  3  per  cent,  of  potassium  hydroxide, 
which  is  not  all  dissolved,  and  suspends  a  little  calcium  hydroxide  in  the  solution  which 
absorbs  the  small  amount  of  chlorine  which  remains  free  at  the  anode. 

The  electrolytic  manufacture  of  chlorates  was  started  in  1891  in  Switzerland.  It  then 
spread  to  England,  France,  and  Germany  in  1894,  but  the  industry  can  only  be  profitably 
developed  in  countries  where  large  water  powers  are  available  at  a  cheap  rate.  These 
works  are  to-day  found  specially  in  Switzerland,  France,  Finland,  Sweden,  Norway  and 
Italy. 

In  the  Italian  works  at  Logiiano  the  electrolysis  is  carried  out  in  large  stoneware  vessels 
of  about  1000  litres  capacity  with  a  25  per  cent,  solution  of  potassium  chloride  to  which 

1  per  cent,  of  pure  potassium  dichromate  is  added,  and  which  has  been  freed  from  sulphates 
or  sulphuric  acid  by  means  of  BaClg  '»     *  current  of  3*5  to  4  volts  is  used  and  in  about 

2  hours  the  temperattu'e  rises  to  65°  to  70**,  when  the  current  is  suddenly  cut  off,  bo 
that  the  chlorate  may  separate  on  cooling.  The  mother  liquors  are  strengthened 
by  more  potassium  chloride  and  a  little  dichromate,  and  are  then  pumped  into  fresh 
electrolytic  baths.  The  chlorate  is  purified  by  two  successive  recrystallisations  from  hot 
water,  the  mother  liquors  being  separated  by  decantation,  and  then  finally  by  a  hydro - 
extractor.  The  resulting  product  is  very  white  and  of  a  purity  of  98  to  99  per  cent.  With 
700  kw. -hours,  100  kilos  of  potassium  chlorate  are  produced  from  61  kilos  of  chloride. 
Special  electrodes  are  used  which  are  more  resistant  and  economical  than  those  of  Acheson 
graphite.  In  the  works  at  Bussi  sodium  chlorate  is  formed  as  a  secondary  product  in  the 
manufacture  of  electrolytic  sodium  hydroxide. 

Potassium  chlorate  crystallises  in  monoclinic  tables  which  are  only  slightly 
soluble  in  cold  water  (6  per  cent.).  It  produces  a  cooling  and  slightly  sharp 
effect  on  the  palate.  It  melts  at  300°,  and  on  further  raising  the  temperature 
immediately  evolves  oxygen,  forming  KCl  and  potassium  perchlorate,  KCIO4, 
which  forms  0  and  KCl  at  still  higher  temperatures. 

With  HCl,  KClOa  evolves  chlorine  : 

KCiOs  +  6Ha  =  Ka  +  3CI2  +  SHgO. 

It  is  .an  oxidising  agent  and  when  mixed  with  3  parts  of  sulphur  and  1 
part  of  well-dried  wood  charcoal,  it  forms  a  black  gunpowder.  By  replaciiig 
the  carbon  by  potassium  ferrocyanide  a  white  gimpowder  is  obtained.  On 
cautiously 'mixing  potassium  chlorate  with  antimony  sulphide  with  a  feather 
a  mixture  is  obtained  which  easily  explodes  by  friction  or  shock. 

During  the  transformation  of  the  chlorate  into  chloride  and  oxygen — 
which  occurs  by  heating  up  to  the  melting-point — 33-4  Kj.  (7960  cals.)  are 
evolved. 

Potassium  chlorate  is  employed  in  match  factories,  especially  for  Swedish 
matches,  and  also  in  firework  factories,  for  percussion  caps  and  in  certain 
explosive  powders.  It  is  also  used  in  dyeing,  for  oxidising  various  substances 
which  produce  aniline  black,  and  this  oxidising  action,  which  does  not  occur  at 
ordinary  temperatures,  is  accelerated  by  the  addition  of  minimal  quantities  of 
catalytic  substances,  such  as  copper  and  vanadium  salts.  To-day,  however, 
potassium  chlorate  has  been  partially  replaced  by  sodium  chlorate  which 
costs  less  and  produces  the  same  effects  as  the  potassium  salt. 

Crystallised  potassium  chlorate  costs  £34  per  ton,  whilst  before  the  electrolytic  process 
was  introduced  it  cost  £60.     The  chemically  pure  product  costs  £40  per  ton. 

Whilst  in  1887  the  world's  production  of  potassium  chlorate  was  6750  tons,  of  which 
5500  were  produced  in  England,  the  position  is  completely  changed  to-day,  and  the 
"  Soci6t6  d'Electrochimie  "  alone  produces  1800  tons  at  St.  Michel  and  at  Vallorbe  in 
Switzerland,  by  the  use  of  3000  h.p.  at  £8  per  h.p.-year. 
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In  Europe  7  works  were  in  operation  in  .1900,  using  28,000  h.p.  altogether,  and  with 
a  total  production  of  9000  tons  of  chlorate. 

The  world's  production  of  chlorate  in  1900  was  estimated  at  17,500  tons,  .of  which 
two -thirds  was  prepared  electrolytically.  In  Italy  there  is  a  sodium  chlorate  works  at 
Bussi  belonging  to  the  "  Societit  elettrochimica  "  of  Rome,  which  produced  217  tons  in 
1908  of  the  value  of  £7024,  and  a  potassium  chlorate  works  at  Legnano  ("  Society  elettro- 
chimica," of  Dr.  Rossi),  which  was  in  full  work  in  1909  and  is  capable  of  tmning  out  350 
tons  per  annum.  Italy  imported  195  tons  of  chlorates  and  perchlorates  of  sodium  and 
potassium  in  1906,  about  652  tons  in  1907,  and  about  365  tons  in  1908,  of  the  value  of 
£1 1,658.  The  protective  tariflf-in  Italy  is  £8  per  ton,  and  moreover  all  the  European  works 
arc  members  of  a  syndicate. 

In  1905  Germany  imported  2054-2  tons  of  chlorate  of  the  value  of  £54,400,  and  exported 
1069-9  tons  of  the  value  of  £29,400,  that  is,  at  £27  lOs.  per  ton.  In  1909  it  imported  1300 
tons  and  exported  1200  tons. 

POTASSIUM  PERCHLORATE :  KCIO4,  is  obtained  mixed  with^  KQ  when 
potassium  chlorate  is  heated  till  fused,  after  the  first  phase  of  the  evolution  of  oxygen : 
2KCIO3  —  KCIO4  +  KCi  +  O2  ;  the  perchlorate  may  then  be  separated  from  the 
chloride  because  the  latter  is  much  more  soluble  in  water.  The  electrolytic  preparation 
is  the  same  as  that  of  sodium  perchlorate.  It  starts  from  sodium  chloride,  by  first  pre- 
paring the  chlorate,  and  this  is  again  subjected  to  electrolysis  in  a  concentrated  cold 
solution,  cooling  the  mass  with  water  in  serpentine  coils.  The  dissolved  sodium  per- 
chlorate is  then  treated  with  a  concentrated  solution  of  potassium  chloride,  when  cry- 
stalline potassium  perchlorate  separates,  being  less  soluble  than  sodium  perchlorate : 
NaC104  -h  KCI  «  KCIO4  +  NaCl.  Apparently  the  presence  of  a  little  dichromate 
increases  the  yield. 

Its  oxygen  is  not  as  active  as  that  of  the  chlorate  and  its  oxidising  power  is  only  exerted 
in  the  imdissolved  condition  at  high  temperatures. 

It  is  used  industrially  for  fireworks,  instead  of  a  portion  of  the  chlorate,  because  it  is 
more  stable,  and  is  also  used  in  the  explosive  industry  on  account  of  the  large  amoimt  of 
oxyp^en  which  it  contains. 

The  crude  perchlorate  costs  £20  per  ton  ;  when  refined  it  costs  £48  per  ton. 

POTASSIUM  BROMATE  and  lODATE  are  similar  to  the  chlorate. 

A  compound,  KBI^O^,  Acid  Potassium  lodate,  and  also  Potassium  Periodate,  KIO4, 
are  known ;  so  are  the  potassium  salts  corresponding  to  the  following  hydroxides : 
I(OH)7,  IO(OH)5,  &c. 

POTASSIUM  NITRATE :    KNO3  (NITRE,  SALTPETRE) 

This  compound  is  one  of  those  salts  which  have  been  known  and  used  since 
ancient  times .  It  is  found  abundantly  in  the  East  Indies ,  in  Bengal  and  Bombay, 
and  in  the  caves  of  Ceylon,  which  were  once  inhabited  by  animals  and  by  men, 
but  are  to-day  only  tenanted  by  bats  ;  it  is  found  as  an  efflorescence  in  many 
soils  and  especially  in  hot  countries,  such  as  Peru,  Bolivia,  South  Africa,  and 
Egypt.  It  is  obtained  by  making  mounds  of  earth,  potassium  salts  such  as 
plant  ashes  and  decomposing  nitrogenous  organic  matter  such  as  stable 
manure,  after  which  the  mound  is  moistened  from  time  to  time  ;  the  whole 
is  then  abandoned  to  the  action  of  nitrifying  bacteria  for  one  or  more  years. 
It  first  forms  calcium  nitrate  with  the  lime  which  is  always  present  in  the  soil, 
which  then  forms  potassium  nitrate  in  contact  with  the  potassium  carbonate  ; 
this  is  then  finally  extracted  with  water  : 

(N03)2Ca  +  CO3K2  =  2NO3K  +  COsCa. 

The  saltpetre  which  abounds  in  the  soil  of  British  India  and  especially 
in  that  of  Ceylon  has  been  produced  in  this  way.  Considerable  quantities 
of  this  saltpetre  have  even  been  extracted  to  supply  Europe,  for  the  manufacture 
of  explosives,  for  which  purpose  it  is  preferred,  owing  to  the  absence  of  per- 
chlorates. After  1855  (the  Crimean  War)  potassium  nitrate  for  gunpowder 
became  a  product  which  was  largely  consumed,  and  the  so-called  conversion 
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nitrate  was  then  prepared  in  Germany  by  evaporating  a  saturated  solution 
of  sodium  nitrate  (Chili  saltpetre)  with  potassium  chloride  from  Sta.ssfurt, 
in  molecular  proportions.  When  the  solution  acquires  a  density  of  1-5  almost 
all  the  excess  of  sodium  chloride,  which  is  less  soluble  on  heating,  separates, 
and  when  the  solution  has  cleared,  helped  by  the  addition  of  a  little  glue, 
and  after  repeated  decantation  of  the  clear  hot  liquid,  it  is  allowed  to  crystallise 
in  vats  with  stirrers  in  order  to  obtain  the  potassium  nitrate  as  a  crystalline 
powder.  The  separation  on  cooling  is  copious  and  almost  complete,  because 
potassium  nitrate  is  very  slightly  soluble  in  cold  water,  though  very  soluble  in 
hot  {see  Fig.  174),  whilst  the  remaining  sodium  chloride  remains  in  solution 
as  its  solubility  in  the  cold  and  on  heating  is  almost  equal : 

NaNOa  +  KCl  =  KNOj  +  NaQ. 

The  crystalline  mass  is  then  separated  from  the  mother  liquors  by  decantation  and  passed 
into  a  hydro-extractor,  the  cage  of  which  is  made  of  fine  metallic  netting,  and  is  there  washed 
with  a  gentle  spray  of  cold  water  whilst  the  hydro-extractor  is  in  motion. 

The  product  is  then  completely  dried  in  copper  pans  in  a  current  of  hot  air.  If  the 
nitrate  is  to  be  used  for  the  manufacture  of  black  gunpowder,  it  should  not  contain  more 
than  0*0003  per  cent,  of  chlorides,  which  are  deliquescent. 

The  conversion  of  sodium  into  potassium  nitrate  is  easily  understood  on  consideiing 

the  solubility  of  these  salts.  Four  different  ions  are 
present  in  solution,  K',  Na\  G',  NOs\  and  on  concen- 
tration those  ions  which  form  the  less  soluble  salt, 
namely,  Nad,  separate  during  cooling. 

The  diagram  of  solubilities  (Fig.  174)  shows  the 
solubility  of  these  four  salts  at  various  temperatures 
very  satisfactorily,  and  is  expressed  in  molecular 
weights.  We  thus  see  that  at  0^  5  mols.  (that  \Aj 
290  grms.)  of  NaG,  1-2  mols.  of  KNO,,  3-5  mols. 
of  KCl  and  9  mols.  of  NaNOa  dissolve  in  the  same 
quantity  of  water ;  at  100^  the  ratio  of  the  solubilities 
is  completely  changed.  The  solubility  of  NaQ  is 
maintained  at  almost  the  same  figure,  that  is,  the  curve 
representing  NaCH  in  the  diagram  is  almost  horizontal  ; 
on  the  other  hand,  15  mols.  of  x>ota88ium  nitrate  are 
dissolved  at  100%  that  is,  about  2500  grms.,  about  21 
mols.  of  sodiiun  nitrate  and  about  7  mols.  of  KC3,  and 
the  solvbility  carves  yb,ty  greatly.  Thus,  on  cooling  the  saturated  solution  at  100%  the 
KNO3,  which  is  very  soluble  on  heating  and  much  less  soluble  in  the  cold,  will  separate, 
whilst  the  NaCl  which  changes  its  solubility  very  little  with  change  of  temperature  will 
remain  in  solution. 

To  a  saturated  aqueous  solution  of  a  given  salt,  a  certain  quantity  of  another  salt, 
which  has  no  ions  corresponding  to  those  of  the  first  salt,  may  be  added.  On  the  other 
hand,  a  second  salt,  one  of  the  ions  of  which  is  the  same  as  one  of  those  of  the  first  salt, 
if  added  in  minimal  quantity  immediately  causes  supersaturation  and  ready  separation 
of  the  first  salt.  Thus  sodium  chloride  or  magnesium  sulphate  may  be  added  to  a  saturated  | 
solution  of  potassium  perchlorate  without  separation  of  the  perohlorate,  but  if  a  minimal  | 
quantity  of  potassium  chloride,  which  has  the  same  K'  cation  as  the  perchlorate,  or  of 
sodium  perchlorate,  which  has  the  same  0104^  anion,  is  added,  potassium  perchlorate 
separates  immediately,  being  the  less  soluble  salt.  In  general,  therefore,  a  salt  solution  may 
also  be  saturated  by  the  concentration  of  one  only  of  the  ions  of  the  salt  itself,  thus  causing 
the  separation  of  ioos  of  the  less  soluble  salt.  This  rule  may  be  employed  for  the  separation  of 
various  salts  from  solutions  of  their  mixtures ;  for  example,  to  eliminate  gypsum  from  strong 
solutions  of  sodium  chloride,  as  this  accumulates  in  such  quantities  in  the  vacuum  pant 
that  it  produces  thick  incrustations  which  render  concentration  more  difficult  (set  hdow). 

KNO3  crystallises  in  hexagonal  rhombic  priusms  without  water  of  ctyBtallisa' 
tion.  100  parts  of  water  at  IOC*  dissolve  247  parts  of  the  nitrate  and  only 
13  parts  at  0°. 
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It  has  a  sharp  taste,  melts  at  339^,  and  decomposes  at  a  higher  tempera- 
ture into  potassium  I  nitrite,  KNO2,  and  oxygen.  When  heated  with  carbon 
to  redness  it  deflagrates  and  forms  potassium  carbonate,  with  evolution  of 
nitrogen  and  COg : 

4KN08  +  5C  =  3CO2  +  2N2  +  2K2CO3. 

APPLICATIONS.  Potassium  nitrate  is  used  in  the  manufacture  of 
common  black  gunpoivdefy  which  contains  75  per  cent,  of  potassium  nitrate, 
12  per  cent,  of  sulphur,  and  13  per  cent,  of  wood  charcoal.  On  ignition  there 
is  complete  interaction,  mainly  according  to  the  following  equation  : 

2KNO3  +  S  +  2C  =  K2SO4  +  Nj  +  2G0. 

The  proportions  of  the  constituents  vary,  however,  somewhat  in  the  various 
types  of  powder,  for  cannons,  fuses,  mines,  &c.,  and,  as  we  see,  all  the  oxygen 
for  the  combustion  of  the  carbon  and  the  sulphur  is  furnished  by  the 
nitrate. 

The  power  of  gunpowder  is  due  to  the  abundant  formation  of  various 
gases,  especially  N,  CO,  and  CO2,  which  occupy  a  volume  1000  times  larger 
than  the  solid  powder.  The  potassium  nitrate  is  to-day  largely  replaced  by 
ammonium  nitrate  which  bums  without  leaving  any  residue.  Potassium 
nitrate  is  also  used  for  the  preservation  of  meat  (pickled  beef,  &c.),  and  as  a 
rapidly  acting  manure. 

Refined  potassium  nitrate  costs  about  £22  per  ton,  and  when  chemically  pure  up 
to  £34. 

1200  tons  were  produced  in  Italy  in  1904,  2000  tons  in  1907,  and  1900  tons  in  1908, 
of  the  value  of  £41,800 ;  375-8  tons  valued  at  £7800  were  imported  in  1904  ;  in  1906  the 
imports  were  228-4  tons,  in  1907  580  tons,  and  in  1908  381-6  tons. 

Germany  exported  10,465  tons  in  1905  valued  at  £225,000,  and  12,474-6  tons  in  1909, 
and  imported  2853  tons  in  the  same  year. 

'  POTASSIUM  NITRITE :    KNO, 

This  compoimd  is  obtained  in  the  same  manner  as  sodium  nitrite,  for  instance,  by  reduc- 
ing 1  part  of  potassium  nitrate  with^2  parts  of  lead  (or  with  Fe  or  Cu ) ;  lead  oxide  is  formed 
which  is  insoluble  in  water,  whilst  the  nitrite  dissolves  and  may  be  then  separated  and 
crystallised.  It  is  also  prepared  industrially  to-day  from  a  mixture  of  CaO  and  a  concen- 
trated solution  of  potassium  nitrate,  into  which  soluble  sulphur  dioxide,  free  from  air, 
is  passed  in  the  heat :  KNO3  +  CaO  +  SO2  •=  S04Ca  +  KNOg.  The  yield  is  excellent 
and  the  insoluble  calcium  sulphate  is  easily  separated.  A  good  yield  is  also  obtained  by 
melting  together  KNO3  and  KOH  and  reducing  at  about  350^  with  a  sulphite. 

It  forms  white  crystals  which  melt  easily  and  are  deliquescent  in  the  air,  because  they 
are  very  soluble  in  water.  On  the  other  hand  they  are  insoluble  in  alcohol*  It  is  used 
in  the  preparation  of  organic  azo-compoimds  and  costs  £76  per  ton.  When  chemically 
pure  in  sticks,  it  costs  48,  per  kilo. 

POTASSIUM  SULPHATE :    K^SO^ 

This  compound  is  obtained  from  KCI  with  sulphuric  acid  and  from  solutions 
of  kainite  (K2S04.S04Mg  +  MgClg  +  OHgO)  at  Stassfurt.  On  concentrating 
solutions  of  this  substance,  magnesium  and  potassium  sulphates  separate  in 
the  form  of  schonite,  K2SO4.MgSO4.6H2O,  which  forms  potassium  sulphate 
and  MgCl2  on  concentration  with  excess  of  potassium  chloride ;  kieserite, 
MgS04.H20,  acts  in  the  same  way  : 

K2S04.MgS04  +  2KC1  =  2X280^  +  MgCl 

Potassium  sulphate,  being  less  soluble  than  magnesium  chloride,  is  easily 
separated  on  concentrating  the  solution. 

It  forms  small  rhombic  prisms  without  water  of  crystallisation  and  has  a 
X  28 
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slightly  bitter  taste  ;  at  15°  it  is  dissolved  by  water  to  the  extent  of  19  per  cent. : 
it  melts  at  1070°. 

It  is  used  as  a  potassium  manure  at  £11  4«.  per  ton,  and  in  alum  and  glas: 
works,  and  also  in  works  producing  potassium  carbonate  by  the  Leblanc  process. 
When  very  pure  it  costs  up  to  £30  per  ton.  In  Germany  the  use,  as  a  fertiliser, 
of  the  calcined  sulphate  of  magnesium  and  potassium  is  preferred,  being  mor? 
economical. 

In  1902  Italy  imported  1566  tons  of  potassium  sulphate,  1663  tons  in  1904. 
3866  tons  in  1907,  and  4910  tons  in  1908  of  the  value  of  £56,736.  In  19i»."i 
Germany  exported  6745-5  tons  worth  about  £440,000,  and  produced  47,9JU 
tons,  not  including  other  sulphates,  such  as  kainite,  &c. ;  in  1909  Gemianv 
exported  63,107  tons  of  potassium  sulphate. 

POTASSIUM  HYDROGEN  SULPHATE,  POTASSIUM  DISULPHATE :  KHSO«. 

This  compound  is  obtained  from  the  neutral  sulphate  with  H2SO4  or  directly  from  KCl  and 
H2SO4  at  a  moderate  heat.  It  forms  rhombic  tablets  very  soluble  in  water.  It  melte- 
at  200°,  with  loss  of  water,  and  is  then  transformed  into  potassium  pyrosulphate,  K^^Oy, 
which  forms  SO3  and  KgSO*  at  600^ 

It  shows  an  acid  reaction  because  its  anion,  HSO/,  is  partially  decomposed  in  aqueous 
solution  into  H"  and  SO4". 

POTASSIUM  PERSULPHATE  :  KsSsOs-  This  is  obtained  in  crystals  at  the  positive 
pole  (anode)  in  the  electrolysis  of  a  concentrated  solution  of  KHSO4,  the  hydrogen  being 
evolved  at  the  cathode  :   2KHSO4  —  He  +  KsSgOs  {see  p.  286). 

This  aqueous  solution  has  a  very  saline  taste.  It  is  an  oxidising  agent  and  the  solid 
salt  evolves  oxygen  even  at  100°,  forming  potassium  pyrosulphate. 

POTASSIUM  SULPHITE  and  DISULPHITE :  K^SOj  and  KHSO3,  are  obtained 
by  passing  SO2  through  a  hot  solution  of  K^COa,  until  no  more  CO2  is  evolved  {see  beloir. 
Sodium  Sulphite).  On  heating  potassium  disulphite  a  molecule  of  water  is  liberated  and 
Potassium  Pyrosulphite,  K2S2O5,  is  formed. 

In  1907  Italy  produced  5  tons  of  potassium  sulphite  of  the  value  of  £22  Se, 
per  ton. 

POTASSIUM  SULPHIDE  :  K^S.  This  compound  is  prepared  by  heating  a  mixture 
of  potassium  sulphate  and  carbon  in  well-closed  crucibles  to  a  moderate  temperature  : 

K2SO4  +  20=  KgS  +  2C08. 

The  fused  mass  then  forms  a  red,  crystalline  substance  soluble  in  water.  On  concen- 
trating the  aqueous  solution,  K2S.5H£0  crystallises  in  colourless  prisms  which  are  deli- 
quescent in  the  air.  The  solution  readily  absorbs  oxygen  from  the  air  with  formation 
of  Potassium  Thiosulphate : 

2K2S  +  HgO  +  2O2  «  2K0H  +  KgSgOa. 

Many  solutions  of  metallic  salts  separate  insoluble  metallic  sulphides  on  treatment 
with  K2S.  It  evolves  H2S  with  adds.  It  has  a  strongly  alkaline  reaction  in  aqueous 
solution  because  it  is  not  dissociated  into  the  ions  2K'  and  S'',  as  this  latter  combines  with 
water  forming  SH'  and  OH',  so  that  the  OH'  ions  give  the  alkaline  reaction.  In  1905 
Germany  imported  6573  tons  of  potassium  and  sodium  sulphides  of  the  value  of  £46,754. 
For  the  Italian  imports  and  production,  see  Sodium  Sulphide. 

POTASSIUM  HYDROSULPHIDE  :  KSH.  This  compound  is  obtained  in  aqueous 
solution  by  passing  a  current  of  H2S  into  a  solution  of  potassium  hydroxide  until  this  is 
sj-turated :  KOH  +  HgS  «=  HgO  +  KSH.  On  concentrating  the  liquid  in  vacuo,  the 
hydrosulphide  separates  as  crystals  containing  2H2O,  forming  colourless  rhombohedra 
which  lose  water  at  200° ;  at  higher  temperatures  it  melts  and  then  forms  a  red  mass  on 
cooling. 

It  shows  an  alkaline  reaction  and  forms  potassium  sulphide  with  an  equimolecular 
quantity  of  KOH :    KOH  -h  KSH  =  H2O  +  KgS. 

POTASSIUM  POLYSULPHIDES :  KgSs,  K2S4,  K2S6.  These  compounds  are  eaaly 
formed  by  boiling  a  solution  of  K2S,  with  liberation  of  sulphur. 

LIVER  OF  SULPHUR,  which  is  employed  medicinally,  is  obtained  as  a  greenish-yeUow 
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mass  by  melting  2  parts  of  potassium  oarbonate  with  1  part  of  sulphur,  and  consists  of  a 
mixture  of  K^Sa,  KgSO*,  and  K2S2O,. 

Certain  metallic  sulphides  are  soluble  in  potassium  or  sodium  sulphide  because  they  form 
sulpho-salts  (double  sulphides). 

POTASSIUM  CARBONATE :    K^CO,  (POTASH) 

This  compoxmd  is  found  in  abundance  in  wood  ashes  and  ashes  of  plants,  because  these 
organisms  contain  potassium  salts  which  are  transformed  into  potassium  carbonate  at  the 
I'xpense  of  the  organically  combined  carbon  during  combustion  and  incineration.  The 
ashes,  which  contain  from  10  to  20  per  cent,  of  potassium  salts,  are  lixiviated  two  or  three 
times  with  water,  and  the  clear  solution,  of  20°  £^.,  is  concentrated  in  open  iron  pans 
and  the  residue  calcined  in  furnaces ;  crude  potash  is  thus  obtained  which  is  lixiviated 
and  in  turn  forms  pure  potash,  which,  however,  contains  a  little  soda,  KCl,  and  K2SO4. 

To-day  very  little  vegetable  ash  is  used  for  the  production  of  potash,  except  in  Bussia 
with  its  immense  forests,  because  it  can  be  obtained  more  economically  by  other  means. 

Another  abundant  supply  of  potash  has  been  known  since  1840  in  the  residues  of  beet- 
sugar  manufacture.  The  sugar-beets  abstract  very  large  quantities  of  potassium  salts 
from  the  soil,  which  accumulate  in  the  molasses  from  the  sugar.  These  molasses,  con- 
taining 45  to  50  per  cent,  of  sugar  and  3  to  4  per  cent,  of  potash,  are  diluted  with  water 
and  fermented  in  order  to  obtain  alcohol,  which  is  then  distilled.  The  aqueous  residue,  of 
4°  S^.,.  which  contains  potassium  salts,  is  concentrated  in  open  pans  or  in  vacuo  up  to 
40^  B6. ;  the  residue  is  then  calcined  in  a  furnace,  or  preferably  in  retorts,  in  order  to 
utilise  the  products  of  distillation  which  contain  NH^,  trimethylamine,  &c.  It  is  still 
better  to  pass  these  hot  gases  into  red-hot  furnaces  where  ammonia  and  hydrocyanic  acid 
are  formed.  The  former  is  absorbed  by  passing  the  gases  through  concentrated  sulphuric 
acid  ;  the  hydrocyanic  acid  is  absorbed  by  solutions  of  sodium  hydroxide.  In  this  way 
a  single  works  at  Hildesheim  in  Germany  produces  3*5  to  4  tons  of  sodium  cyanide 
daily. 

The  solid  carbonaceous  residue  from  the  calcination  of  the  molasses  contains  30  to 
60  per  cent,  of  KI2CO8  which  is  extracted  with  water  and  the  solution  concentrated,  gradually 
separating  the  following  salts  which  crystallise  out :  K2SO4  and  KCl ;  when  the  concen- 
tration has  reached  55°  B^.,  sodium  carbonate  also  separates.  The  residue  is  dried  in  a 
furnace. 

This  method  was  first  proposed  by  Dubrunfaut  in  1838,  and  is  still  much  used  in 
France. 

In  Italy  certain  sugar  refiners  carbonise  the  molasses  with  hot  furnace  gases  and  then 
export  the  resulting  crude  potassium  carbonate,  almost  entirely  to  Austria. 

Considerable  quantities  of  potassium  carbonate  may  be  obtained  from  the  water 
which  has  been  used  for  washing  crude  wool,  as  was  already  suggested  in  1860.  The 
raw  Australian  wool  contains  up  to  60  per  cent,  of  perspiration,  and  this  substance  is  largely 
composed  of  fatty  substances  partially  combined  with  potassium  in  the  form  of  soaps, 
&c.  The  fat  is  first  separated  from  the  wool  by  extracting  it  with  benzine,  and  on  then 
evaporating  the  water  in  which  the  wool  is  washed  and  calcining  the  residue  potassium 
csurbonate  remains,  and  is  purified  by  redissolving  it  in  water.  This  potassium  carbonate 
contains  less  sodium  salts  than  that  from  molasses. 

It  is  also  contained  in  the  ashes  of  certain  marine  plants  which  are  treated  in  order  U) 
extract  iodine  and  bromine. 

Much  potassium  carbonate  is  prepared  in  Grermany  from  the  potassium 
chloride  and  sulphate  of  Stassfurt  by  the  Leblanc  process  {see  below,  8oda). 
Lately,  however,  experiments  have  again  been  successfully  undertaken  on 
a  vast  scale,  using  the  Engel-Precht  process  which  was  already  patented  in 
1880,  but  had  not  yielded  satisfactory  results.  This  process  consists  in  mixing 
a  solution  of  KCl  with  magnesium  carbonate,  then  passing  in  a  current  of  CO2 
and  stirring  the  mass  continuously  ;   a  double  salt  is  first  obtained  : 

3MgC03  +  2KC1  +  COjj  +  9H2O  =  2(MgC08,  CO3KH,  4:R^0)  +  MgCL^. 

This  is  washed  with  a  solution  of  magnesium  dicarbonate  in  order  to  separate 
MgClg  without  decomposing  the  double  salt.    This  is  then  decomposed  by 
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water  under  pressure  at  120®.  Basic  insoluble  magnesium  carbonate  is  pre- 
cipitated, CO2  is  evolved,  and  the  filtered  solution  of  K2CO8  is  evaporated 
and  then  calcined.  By  this  means  potassium  carbonate  free  from  sodium  salts 
is  obtained,  as  NaCl  does  not  react  with  magnesium  carbonate.  Solvav  has 
further  improved  this  process  (Ger.  Pat.  159,870). 

Chemically  pure  potassium  carbonate  is  obtained  by  heating  pure  potassium 
tartrate  or  oxalate  to  redness,  or  better  still  by  heating  potassium  dicarbonate. 

PROPERTIES.  Pure  potassium  carbonate  forms  a  white  granular  powder 
which  becomes  deliquescent,  because  100  parts  of  water  dissolve  83  parts  at 
0®  and  205  parts  at  135°.  From  concentrated  solutions  it  sometimes  crystallises 
with  water  of  crystallisation,  2K2CO3  +  HjO,  and  when  hot  K^COs  +  H^O  ;  at 
135°  it  remains  anhydrous. 

It  melts  at  890°  and  evaporates  at  a  white  heat.  The  aqueous  solution 
has  a  strongly  alkaline  reaction  because  the  COg"  anions  in  solution  react 
with  a  part  of  the  water  itself :  CO,"  +  H^O  =  COsH'  +  OH',  and  we  thus 
have  alkaline  OH'  anions  {see  Hydrolysis,  p.  239). 

Potassium  carbonate  has  the  property  of  being  easily  decomposed  by  acids 
with  evolution  of  CO^.  In  presence  of  soluble  salts  of  the  heavy  metals  it 
readily  combines  with  these  to  form  insoluble  carbonates  which  separate, 
whilst  a  new  soluble  potassium  salt  remains  in  solution,  containing  the  acid 
residue  which  was  combined  with  the  heavy  metal. 

A  table  of  density  of  potassium  carbonate  solutions  is  given  under  the 
heading  Sodium  Carbonate. 

Potassium  carbonate  is  largely  employed  in  the  manufacture  of  soft  soaps  ; 
still  larger  quantities  are  used  in  the  manufacture  of  Bohemian  glass,  in  dyeing, 
and  in  wool  washing.  When  commercially  pure  it  costs  £24  per  ton,  and  £38 
when  chemically  pure,  whilst  the  crude  product  costs  from  £12  to  £16. 

The  internal  oonsumption  in  Germany  in  1901  was  16,000  tons  of  potassium  carbonate, 
and  15,000  tons  were  exported,  of  the  value  of  about  £280,000.  In  1905  11,963  tons  were 
exported  and  in  1907  about  13,300  tons,  valued  at  £240,000.  Italy  imported  913  tons 
of  potassium  carbonate  in  1903  ;  604-2  in  1904  ;  838-4  in  1906,  and  825-3  in  1908,  valued 
at  £14,856.  On  the  other  hand,  Italy  exported  the  following  quantities  of  crude  potassium 
carbonate,  produced  from  certain  sugar  residues,  obtained  by  calcining  molasses ;  56*8  tons 
in  1906  ;  483-7  tons  in  1907  ;  and  741-3  tons  in  1908,  valued  at  £13,344.  Russia,  which 
at  one  time  exported  potassium  carbonate,  now  imports  several  thousand  tons. 

POTASSIUM  DICARBONATE:  KHCO,  (Primary  potassium  carbonate).  This 
compound  is  obtained  in  crystals  by  passing  carbon  dioxide  into  a  saturated  solution 
of  KfCX^s  ;  in  a  solution  of  the  carbonate  a  large  part  of  the  COs''  ions  are  unaltered,  and 
by  means  of  a  current  of  CO2  in  presence  of  water  these  are  completely  transformed  into 
COsH'  ions,  thus :  COj"  +  CO2  +  HgO  =  2CO9W ;  on  the  other  hand,  there  are  also 
K'  cations  in  the  solution  and  consequently  all  the  carbonate  is  transformed  into  the  dicar- 
bonate, COsK,  +  CO2  +  H2O  —  2C0aHK.  The  dicarbonate,  being  less  soluble  in  water 
than  the  carbonate,  readily  separates  in  monoclinic  crystals  free  from  water.  Water  only 
dissolves  about  20  to  25  per  cent,  of  this  substance,  and  solutions  which  are  not  very  dilute 
show  a  neutral  reaction,  whilst  when  very  dilute  they  show  a  weakly  alkaline  reaction, 
because  a  small  part  of  the  COsH'  anions  hydrolyse  and  form  HaCX^s  and  OH'  with 
water. 

On  bimple  evaporation  the  solution  is  decomposed  into  CO8K2  +  OO2  +  H2O,  whilst 
the  dry  salt  only  decomposes  at  110^ 

The  dicarbonate  is  used  especially  for  the  preparation  of  pure  potassium  carbonate, 
and  costs  £32  to  £40  per  ton,  according  to  its  purity. 

POTASSIUM  PERCARBONATE  :  KsC^Oa.    On  electrolysing  a  potassium  carbonate 

solution  at  a  very  low  temperature  ( -  15°)  a  blidsh  deliquescent  jwwder  separates  at  the 

anode  which  is  potassium  percarbonate  formed  by  the  imion  of  two  carbonate  ions : 

COaK 
•        ,     At  200°  to  300°  it  is  decomposed,  formmg  CO3K2  +  CO,  +  O,  and  the  aqueous 
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Boiution  already  eTolves  oxygen  at  45^,  so  that  it  is  a  useful  oxidising  agent  and  also 
bleaches  various  substances.  With  dilute  adds  or  alkali  hydroxides  it  forms  hydrogen 
peroxide : 

C^OeKg  +  2HC1    =  2Ka       +  2CO2  +  HgOg 

CgOeKg  +  2K0H  -  2003X2  +  HgO^. 

Certain  metallic  oxides  such  as  Ag20,  Mn02,  Pb02,  &c.  are  reduced  by  it  with  strong 
evolution  of  oxygen :   AggO  +  C^OeKa  «  Ag  +  (X^gKj  +  COg  +  Og. 

Solutions  of  the  percarbonate  are  titrated  with  permanganate  in  acid  solution  (1  c.c. 
of  normal  permanganate  =  0-099  grm.  of  KgCgOe). 

POTASSIUM  SILICATE  or  SOLUBLE  POTASH  GLASS.  Van  Helmont  obtained 
this  substance  as  far  back  as  1610  by  melting  sand  with  much  potassium  carbonate.  In 
1648  Glauber  described  a  method  of  preparing  it»  with  full  details,  and  in  1815  Fuchs 
prepared  a  compound  of  silicic  acid  and  potash,  which  contained  an  excess  of  silica  and  was 
not  deliquescent.  It  is  not  known  in  the  crystalline  condition  and  is  formed  by  dis- 
solving silicic  acid  in  solutions  of  potassium  hydroxide.  It  is  obtained  industrially  by 
melting  45  parts  of  quartz  sand  with  30  parts  of  potassium  carbonate  and  25  parts 
of  powdered  coal  in  a  furnace.  The  product  is  broken  up  and  dissolved  in  hot  water 
under  pressure,  forming  a  heavy  liquid  which  is  used  for  various  industrial  purposes. 

On  drying  the  concentrated  solution  in  the  air  a  solid  crust  is  formed  on  the  surface, 
which  becomes  white  and  opaque  and  may  be  redissolved  in  hot  water  after  pulverisa- 
tion. The  composition  of  the  silicate  varies  considerably,  but  usually  it  corresponds 
approximately  to  the  formula,  K20.4Si02,  though  the  number  of  molecules  of  Si02 
may  vary. 

Solutions  of  potassium  siHcate  separate  silica  under  the  action  of  the  CO2  of  the  air. 

It  is  used  in  the  same  way  as  soluble  soda  glass  in  cotton  printing,  for  fixing  the  colours 
in  stereochrome  work,  for  rendering  fabrics  resistant  to  fire,  for  making  varnishes,  &c. 
Commercial  solutions  of  30°  to  33*^  B6.  cost  £8  per  ton,  and  sodium  silicate  in  lumps  costs 
£20  per  ton  (for  statistics,  see  Sodium  Silicate  below), 

POTASSIUM  TRITHIOCARBONATE :  KaCSj.  This  is  used  instead  of  carbon 
disulphide  against  phylloxera  {see  p.  397).  It  has  the  advantage  over  carbon  disulphide 
of  not  being  volatile,  therefore  causing  less  loss  in  the  soil.  The  use  of  sodium  or  calcium 
thiocarbonates  is  more  economical,  but  the  potassium  salt  also  acts  indirectly  as  a 
potash  fertiliser.  It  is  prepared  in  solution  (corresponding  to  15  per  cent,  of  CS2)  by  the 
action  of  potassium  sulphide  on  carbon  disulphide  :   K2S  +  GS2  »  K2CS8. 

It  is  slowly  decomposed  in  the  soil  by  moisture  and  by  carbon  dioxide  with  continuous 
production  of  carbon  disulphide  :  CS^K^  +  CO2  +  H2O  «  HgS  +  CS2  +  K2CO3. 

The  commercial  value  of  the  yellow  liquid  is  proportional  to  the  percentage  of  CS2 
which  it  is  capable  of  yielding.  This  is  determined  by  heating  the  thiocarbonate  solution 
and  condensing  the  GS2  which  distils.  There  are  various  other  more  exact  analytical 
methods  which  we  cannot  describe  here. 

POTASSIUM  CYANIDE  :  KCN.  This  compound  was  formerly  obtained  by  heating 
the  following  mixture  in  large  covered  iron  crucibles  to  redness  :  8  parts  of  dry  potassium 
ferrocyanide  with  3  parts  of  dry  potassium  carbonate  and  a  little  carbon,  or  preferably 
with  a  little  sodium  in  order  to  avoid  the  formation  of  potassium  cyanate.  It  is  obtained 
pure  by  heating  potassium  ferrocyanide  alone  in  covered  iron  crucibles : 

K4Fe(CN)e  =  4KCN  +  FeC^  +  Ng  ; 

the  fused  potassium  cyanide  is  decanted  from  the  iron  carbide  and  extracted  with 
alcohol ;  after  evaporating  the  solvent  the  pure  salt  is  melted.  It  is  prepared  on  the 
large  scale  by  Siepermann's  process,  by  heating  K2CX)3  with  carbon  in  presence  of  a 
current  of  ammonia.  The  Castner  process  is  also  important,  but  is  more  especially  suited 
to  the  preparation  of  sodium  cyanide ;  in  this  process  a  mixture  of  metallic  sodium, 
coal  and  sodium  cyanide  is  treated  with  ammonia  at  a  temperature  slightly  higher 
than  the  melting-point  of  the  sodium  cyanide.  KCN  is  also  manufactured  to-day  by  the 
Frank-Erlwein  process  from  calcium  carbide  and  nitrogen  {see  p.  309),  and  10,000  tons  were 
prepared  in  this  manner  in  1905. 

It  forms  a  white  crystalline  mass  of  alkaline  taste  [Don't  taste  1  It  is  extremely 
poisonous. — Translator] ;  it  smells  of  bitter  almonds,  hydrocyanic  acid  being  already 
set   free    by    the    CO2   of   the   air.     It  is  very   soluble    in    water  and  slightly  so  in 
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alcohol ;  it  is  very  poisonous  although  certain  animals  such  as  horses*  mules,  and 
pigs- resist  fairly  strong  doses.  It  is  much  used  in  large  quantities  for  the  extraction 
of  gold  {see  Gold).  (Tranalator^a  note, — Sodium  cyanide  is  to-day  exdusively  used  for 
this  purpose.) 

In  1909  Germany  exported  6282  tons  of  potassium  and  sodium  cyanides. 

Potassium  Cjranide  is  also  obtained  to-day  from  beetroot  residues  (see  page  435). 

The  commercial  product  containing  30  per  cent,  costs  £44  per  ton.  When  of  60  per 
cent,  purity  it  costs  £74,  and  of  about  98  per  cent,  purity  £86.  The  carbide  process  has 
greatly  reduced  the  price  :  pure,  for  laboratory  purposes,  it  costs  VJs,  Id,  per  kilo. 

POTASSIUM  PHOSPHATES.  Three  phosphates  are  known,  KjPO*,  K^HPO*,  and 
KH2PO4.  and  are  obtained  by  the  action  of  phosphoric  acid  on  potassium  carbonate.  They 
are  of  little  practical  importance  ;  they  are  not  obtained  in  a  well -crystallised  condition, 
and  the  corresponding  sodium  salts  are  usually  preferred  for  practical  purposes. 

POTASSIUM  AMIDE  :  KNH2.  This  compound  is  obtained  by  passing  a  current  of 
dry  ammonia  over  molten  potassium  and  forms  a  blue  liquid  which  yields  a  white  crystalline 
mass  on  cooling.  It  sublimes  at'400®  and  then  dissociates  into  its  elements.  With  water  it 
forms  NHj  and  KOH. 

GENERAL  CHARACTERISTIC  REACTIONS  OF 

POTASSIUM  SALTS 

The  pota43sium  salts  are  almost  all  soluble  in  water  although  their  solutions 
give  white  crystalline,  only  slightly  soluble,  precipitates  of  potassium  hydrogen 
tartrate  with  tartaric  acid.  Chloroplatinic  acid,  HjPtCl^,  gives  a  yellow 
crystalline  precipitate  of  potassium  chloroplatinate,  K^PtCle.  This  compound 
is  only  slightly  soluble  in  water  and  still  less  in  alcohol. 

Potassium  fluosilicate  and  potassium  perchlorate  are  also  only  slightly 
soluble  and  may  be  sued  for  separating  potassium  from  other  metals.  All 
potassium  salts  give  a  pale  violet  coloration  to  the  Bunsen  flame  and  a  spectrum 
containing  two  characteristic  lines,  red  and  violet,  showing  that  at  high 
temperatures  all  salts  of  potassium  dissociate,  forming  potassium  ions  which 
give  this  general  reaction. 

RUBIDIUM :   Rb,  85.45,  and  CAESIUM :  Cs,  132.81 

These  metals  are  not  abundant  but  fairly  widely  diffused  in  nature,  and  often  accompany 
potassium  in  saline  waters  and  in  the  ashes  of  plants. 

Rubidium  is  found  as  an  impurity  (0-5  per  cent.)  in  the  mineral  lepidolUe  : 

and  also  in  the  camallite  of  Stassfurt ;  caesium  is  found  in  a  very  rare  sulphate  of  aluminium 
and  caesium  called^poZZtict^e :  HgCs^ Al4( Si  O3  )9.  These  metals'were'discovered  as  elements  b v 
Bunsen  and  Kirchhoff  in  1860  by  means  of  the  spectroscope.  Rubidium  and  caesium  salts 
are  more  insoluble  than  those  of  potassium,  so  that  they  may  be  separated  from  the  latter. 
These  elements  are  obtained  in  the  free  metallic  state  on  electrolysing  their  respective 
fused  chlorides.  They  are  also  obtained  from  the  corresponding  hydroxides  by  heating 
them  in  an  iron  tube,  together  with  magnesium  or  aluminium,  in  a  current  of  dry  hydrogen  : 

2RbOH  +  2Mg  «  2Rb  +  2MgO  +  Hg. 

The  metals  distil  and  are  collected  in  petroleum. 

Rubidium  and  caesium  have  a  silvery  appearance,  but  are  easily  oxidised  by  the  air, 
Rb  forming  a  peroxide,  Rb204.  Rubidium  has  a  specific  gravity  of  1*52  and  melts  at 
38 '5®  ;  when  thrown  into  water  it  catches  fire  with  a  violet  flame.  Caesiimi  has  a  specific 
gravity  of  1*85,  melts  at  27-6°,  and  readily  catches  fire  in  the  air  ;  it  boils  at  270°. 

Rubidium  iodide  is  now  sometimes  used  in  medicine  instead  of  potassium  iodide. 
^  f  In  contradistinction  to  potassium,  rubidium  and  caesium  form  many  halogen  derivatives 
in  which  they  act  as  polyvalent  elements  :  RbClBrg,  RbBra,  CsBrs,  Cfelj.    The  compound, 
RbICl4,  is  a  yellow  solid  obtained  by  treating  a  solution  of  rubidium  iodide  with  chlorine, 
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and  18  slightly  soluble  in  vater  ;  the  solution  is  »  powerful  oxidiung  agent,  and  digsolves 
gold  and  platinum. 

Caednm  chloroplatinate  ie  very  insoluble  in  water  and  may  thus  be  eeparated  from  the 
potossiiun  salt. 

Rubidium  and  caesium  eost  about  £1  per  gramme. 

SODIUM :   Na,  23 

Sodium  is  not  found  in  the  free  state  in  nature  on  account  of  its  great 
reactivity,  but  is  widely  diffused  in  the  combined  state  in  numerous  minerals 
such  as  cryolite,  borax,  glauberite,  &c.  It  is  still  more  abundant  in  the  form  of 
sodium  chloride  which  is  found  in  important  geological  strata  in  the  form  of 
rock  sail ;  it  ia  very  abundant  in  sea  water  which  contains  up  to  3  per  cent,  of 
sodium  chloride.  It  is  also  found  in  large  quantities  in  the  form  of  nitrate 
as  Chili  saUpetre.  In  vegetable  organisms  potassium  salts  ordinarily  predomi- 
nate, whilst  in  animal  organisms  there  is  a  predominance  of  sodium  salts. 

It  was  obtained  free  for  the  first  time  by  Davy  in 
1807  by  the  electrolyBis  of  fused  sodium  hydroxide. 
After  1856  it  was  prepared  industrially  by  heating  a 
mixture  of  sodium  carbonate,  cual,  and  a  little  limestone 
in  iron  retorts  by  Deville's  method  : 

CO,Naj  -(^  =  3C0  +  Na,. 

In  1886  Cagtner  obtained  it  by  a  greatly  improved 
method,  employing  sodium  hydroxide  and  eoal  mixed 
Htlh  iron  carbide,  the  lattor  being  uspd  to  decompose 
tiie  water  whioh  is  formed.  The  reduction  of  the  sodium 
hj'droiide  needs  a  much  lower  temperature  than  that 
ciF  the  carbonate,  eo  that  there  ia  an  economy  of  fuel, 
and  the  apparatus  is  less  attacked.  Before  1860  1  kilo 
of  sodium  cost  about  £80  ;  after  the  introduction  of 
C^tner's  process  the  price  was  lowered  to  less  than  Sa., 
and  it  then  became  possible  to  use  Bodtum  industrially 
for  the  preparation  of  aluminium ;  but  great  improve' 
niento    have    now    been     made     in     that     industry, 

rendering  it  independent  of  the  use  of  sodium  which  ^"^-  "5- 

was  always  very  dear. 

In  1898  Netto  obtained  better  results  by  dropping  molten  sodium  hydroxide  contained 
in  a  (Fig,  176)  over  red-hot  coal  contained  in  a  cylindrical  vertical  retort,  g.  Vapours 
of  sodium  are  continuously  evolved  at  the  top  and  condensed  in  the  iron  vessel,  Jt,  the  molten 
"Odium  being  coHectcd  under  petroleum  in  the  vesBel,  I.  In  the  lower  part  of  the  retort, 
at  /.  molten  sodium  carbonate  continuously  escapes  ; 

4XaOH  +  2C  =  COaNaj  +  Na^  +  CO  +  2H,. 

Sodium  is  mainly  prepared  to-day  by  the  electrolysis  of  molten  sodium  chloride,  cm  ploy - 
mg  a  cathode  of  molten  lead,  with  which  the  free  sodium  forms  an  amalgam  ;  this  is  pasutl 
into  a  second  compartment  in  which  molten  sodium  hydroxide  is  pretcnt  as  an  electrolyte. 
The  amalgam  then  acta  as  an  anode,  and  the  sodium  is  deposited  at  the  cathode  without 
any  consumption  of  NaOH.  This  process  is  a  happy  combination  of  that  of  Acker 
{see  below  under  Electrolj-tic  Caustic  Soda)  with  that  patented  by  J.  Castner  in  1891. 
By  the  latter  process  sodium  is  obtained  by  the  electrolysis  of  fupcd  >;odium  hydroxide 
(this  process  is  still  used  in  England  and  in  France).  At  Niagara  the  combinalion  of  the 
two  processes  gives  excellent  results  and  the  sodium  costs  less  than  Is.  2d.  per  kilo. 

According  to  an  American  patent  of  1901  electrical  energy  is  greatly  economised  by 
melting  a  mixture  of  equal  parts  of  NaOH  and  sodium  sulphide  ;  a  low  voltage  then  suffices 
for  the  decomposition  of  the  NajS  alone,  which  yields  sodium,  whilst  the  nascent  sulphur 
immediately  forms  Na^S  at  the  cost  of  the  NaOH.  In  this  process  it  is  only  necessary  to 
coQtinaoosly  add  NaOH  in  order  to  obtain  as  much  free  Kodi<im  as  is  contained  in  the 
bydroiido. 
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3N(40j  +  2C  -  2Na,C0,  +  2N». 

PROPERTIES.  Metallic  aodium  haa  a  silvery  appearance  similar  to  that 
of  potassium  ;  it  melts  at  97-6°  and  boila  at  742°,  forming  colourless  vapouis 
which  bum  with  a  yellow  flame.  It  oxidises  in  the  air,  and  on  throwing  a 
piece  of  sodium  on  to  water  it  travels  over  the  surface  and  decomposes  without 
catching  fire,  because  it  evolves  less  heat  than  potassium  ;  if,  however,  its 
movement  over  the  water  is  hindered  by  enclosing  it  in  a  piece  of  paper  it 
catches  fire  because  the  kinetic  energy  is  then  also  transformed  into  thermal 
enei^y.  It  is  soluble  in  absolute  alcohol  with  evolution  of  hydrogen,  forming 
Bodium  alcoholate. 

Sodium  is  used  for  the  preparation  of  silicon,  magnesium,  sodium  peroxide, 
and  certain  dyestufls.  Until  the  year  1880  large  quantities  of  sodium  were 
used  for  the  preparation  of  aluminium,  although  it  is  no  longer  used  for  this 
purpose  to-day.     A.  certain  amount  is  used  for  desulphurising  petroleum. 

In  ISdfi  sodium  coxt  £2  S«.  per  kilo,  but  at  present  it  coete  less  than  is. 

The  world's  production,  which  is  divided  between  England,  Germany,  Mid  the  UnitMl 
States,  was  estimated  at  350,000  tons  in  1905.  and  the  sale  price  at  the  works  for  Urge 
quantities  sank  to  less  than  2a.  per  kilo.  Perhaps  the  price  will  become  still  lower  in  the 
future  if  its  dirt^ct  [ircpuriilion  from  Fodiuin  chloride  by  Acker's  process  is  successful. 
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SODIUM  MONOXIDE  :  NagO.  This  compound  was  not  known  until  a  short  time 
ago  ;  it  is  now  prepared  from  Rodiuin  and  sodium  nitrate  in  the  manner  already  explained 
in  the  case  of  potassium  oxide.  Barium  nitrate  or  nitrite  may  aleo  be  used  (Ger.  Fat. 
144,243  of  1903). 

SODIUM  PEROXIDE  :  NajO,.  This  is  prepared  in  Castner's  apparatus  (1891)  by 
heating  sodium  to  300°  in  aluminium  trays  (Pig.  176)  contained  in  an  iron  retort,  B,  and 
passing  a  current  of  dry  air  free  from  COj  over  it. 

NajOs  is  also  formed  by  heating  a  mixture  of  100  ports  of  the  nitrate,  NaNOj,  and 
80  parts  of  magnesia,  MgO,  or  lime,  CaO. 

Nitrous  vapours  are  first  evolved,  and  oxygen  and  nitrogen  are  then  evolved  at  a  red 
hoAt  ;  the  remaining  moss  is  heated  further  to  about  400°  in  a  current  of  dry  air  free  from 
COg.  On  poiuHng  the  mass  into  cold  water  a  solution  of  sodium  peroxide  is  obtained  which 
may  be  employed  as  such,  whilst  the  magnesia  or  lime  separates  partially. 

It  forms  a  slightly  yellowish  white  mass  which  only  gives  off  oxygen  at  high 
temperatures,  whilst  it  dissolves  in  water  with  evolution  of  heat,  forming  oxygen 
which  is  liberated  by  the  heating.  It  forms  a  hydrate,  Na,Oj .  SH^ 0,  with  water. 
It  is  an  energetic  oxidising  agent,  which,  on  heating,  carbonises  many 
organic  substances  in  the  absence  of  water ;  at  red  heat  it  has  an  oxidising 
power  superior  to  that  of  all  other  oxidising  agents. 

It  is  advantageously  used  in  aqueous  solution  for  bleaching  textile  fibres ; 
in  the  case  of  animal  fibres  which  are  affected  by  alkalis  (silk  and  wool)  it  is 
necessary  to  remember  that  NaOH  is  also  formed  which  must  be  gradually 
neutralised  as  it  is  fonned  with  the  corresponding  quantities  of  sulphuric  or 
acetic  acids  : 

Na,0(  +  H,0  =  2NaOH  +  0. 
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When  it  ig  ponred  into  water  the  reaction  is  sometimes  bo  violent  that  flame  is  produced, 
and  Gniner  (1910). avoids  this  difficulty  by  first  mixing  the  sodium  peroxide  with  a  little 
carbon  tetrachloride,  which  also  renders  the  evolution  of  oxygen  more  regular. 

It  may  be  used  in  diving-bells  and  generally  in  close  inhabited  spaces  in 
order  to  obtain  pure  air ;  since  a  man  consumes  25  litres  of  oxygen  per  hour 
he  can  be  kept  alive  with  1  kilo  of  Na,0,  for  more  than  five  houis. 

Sodium  peroxide  costs  2j.  4d.  to  2«.  lOd.  per  kilo,  and  is  placed  on  the  market  under  the 
name  of  "oxone." 

ANALYSIS  OF  Na^Og :  The  commercial  value  depends  on  the  quantity  of  actiro 
oxygen  which  it  is  capable  of  yielding.  Its  strength  oanoot  be  determined  by  titrating 
with  permanganate.  The  best  results  are  obtained  by  Archbutt's  method  ;  he  decompOKCa 
I  grm.  of  sodium  peroxide  in  Lnngo's  nitrometer  wiUi  15  c.c.  of  water  and  two  drops  of  a 
strong  solution  of  cobalt  nitrate  ;  the  oxygen  which  is  liberated  is  then  measured.  A 
sample  gave  136-6  on.  metres  of  oxygen  —  0'16S5  grm. 

SODIUM  HYDROXIDE :  NaOH  (CAUSTIC  SODA) 

PROPERTIES.  !Fused  sodium  hydroxide  forms  a  white  mass  of  radiating 
ciyatals  on  cooling,  of  sp.  gr.  2. 

It  raelta  at  a  red  heat,  and  decomposes  at  about  1200°  to  IZ.W"  intoNa,  H 
and  O.     In  order  to  obtain  pure  sodium 
hydroxide  it  is  melted  in  vessels  of  silver 
and  not  of  other  metals  which  are  easily 
attacked  (even  Pt). 

It  is  decomposed  by  electrolysis, 
separating  sodium  at  the  negative  pole 
(cathode).  It  is  very  soluble  in  water 
with  evolution  of  heat,  and  is  deliquescent 
m  the  air,  from  which  it  rapidly  absorbs  ^^  ^^.j 

carbon  dioxide. 

Concentrated  solutions  deposit  various  hydrates  in  the  cold :  from 
NaOH.HjO  to  NaOH .  7HjO.  Sodium  hydroxide  is  sold  according  to  its  strength 
expressed  as  sodium  oxide,  Na,0.  Theoretically  the  pure  compound  contains 
77-5  per  cent,  of  Na^'O  (=  100  per  cent.  NaOH) ;  in  practice  it  is  prepared  at 
strengths  of  75  and  77  per  cent.  Na^O,  more  often  from  72  to  74  per  cent. 

PREPARATION  BY  CHEMICAL  METHODS.  Since  1853,  especially  in 
England,  sodium  hydroxide  is  prepared  by  Gassage's  method,  from  dilute 
(10  per  cent.)  boiling  solutions  of  crude  sodium  carbonate,  by  immersing  in 
them  boxes  containing  quicklime,  and  stirring  the  boiling  liquid  continuously. 
If  the  sodium  carbonate  solution  is  more  concentrated  the  yi^d  is  lower,  because 
the  reaction  is  reversible.  Thus,  with  solutions  of  5  per  cent.  NajCOj  (5°  Be.), 
more  than  99  per  cent,  of  the  carbonate  is  transformed  into  the  hydroxide, 
whilst  on  starting  from  a  solution  of  20  per  cent.  (23°  Be,)  only  90  per  cent, 
of  the  carbonate  is  so  transformed.  The  reaction  occurs  even  in  the  cold, 
but  is  then  slower  and  less  complete.  It  is  preferable  to  work  in  the 
heat,  althou^  about  2  per  cent,  is  then  lost  in  the  form  of  gaylv^site 
(NajCOa-CaCOa-SHjO),  which  is  insoluble,  and  is  not  decomposed  by  water. 
The  most  favourable  equilibrium  for  the  production  of  NaOH  is  at  80°,  and 
it  is  slightly  less  favourable  at  106°  to  110°,  Theoretically  53  kilos  of  CaO 
correspond  to  100  kilos  of  Na^COs ;  practically  a  little  more  lime  is  used  which 
is  slaked  directly  in  the  solution  of  the  sodium  carbonate. 

The  reaction  occurs  more  easily  with  NajCOj  than  with  K^COj. 

The  operation  is  carried  out  in  vertical  iron  cylinders  (Lunge),  or  in  horizontal  cylinders 
(Solvay)  as  shown  in  Fig.  177  : 

CaO  +  HjO  +  NajCOa  -  CO,Ca  +  2NaOH. 
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A  stiirer  or  an  air  injector  prevente  the  Hme  from  depositing.  The  liquid  ia  filtered 
from  the  insoluble  calcium  oarbonat«  when  it  is  found  by  means  of  HCl  that  the  clear 
Bolntioii  no  longer  contoina  sodium  carbonate  (evolution  of  COi). 

The  solution  is  evaporated  in  well-polished  iron  pane,  to  a  density  of  38°  B6. ;  the 
impurities,  oonsiatingof  Naj804  and  NajCO,,  then  settle.  The  decanted  liquid  is  evaporated 
at  360°,  and  when  almost  all  the  water  has  thus  been  driven  off  small  portions  of  nitrate 
are  added  or  air  is  passed  through  in  order  to  oxidise  the  cyajiogen  compounds  and  sodium 
sulphide  which  are  present  as  impurities. 

The  pure  molten  sodium  hydroxide  is  then  poured  into]  iron  or  nickel  drums,  which 
{ire  hermetically  seated,  and  after  cooling  arc  ready 
for    transport.      Each  drum    contains    ISO    to    300 
kilos  of  NftOH. 

In  order  to  economise  fuel  and  to  finally  obtain 
the  sodium  hydroxide  in  a  cooler  condition  so  that 
it  attacks  the   metal  drums  in  which  it  m  pocked 
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less  rapidly,  ingenious  vacuum  evaporating  plants  hav(;  been  introduced  induslriallj- ; 
these  are  also  extremely  suitable  for  the  economical  eoneenlration  of  saline  solution.'-, 
even  of  such  very  dilute  solutions  of  2°  to  3*  BL  as  arc  obtained  on  washing  nn-r- 
cerised  cotton  tabricn  in  order  to  remove  the  concentrated  NaOH  solution.  It  is 
thus  possible  to  advantageously  recover  sodium  hydroxide  which  would  otherwife 
be  lost. 

These  forma  of  apparatus  were  at  first  especially  applied  in  the  sugar  industry,  but  their 
use  has  now  spread  to  many  other  industries.  They  are  based  on  the  principle  that  liquids 
boil  at  lower  temperatures  when  espotud  to  less  than  atmospheric  pressure. 

The  simple  vacuum  plants  have  now  almost  ceased  to  exist,  and  are  replaced  by  multijilc- 
effect  evaporators,  in  which  the  steam,  which  is  developed  in  a  tiret  closed  evacuated  boiler, 
enters  a  coil  immersed  in  the  liquor  in  a  second  boiler  which  is  maintained  at  a  lower.pressurc 
than  the  first,  so  that  the  vapour  from  the  Hrst  boiler  causes  the  liquid  in  the  second  to 
boil,  and  the  steam  evolved  in  the  second  boiler  causes  the  liquid  in  a  third  boiler  at  still  i 
lower  pressure  to  boil,  and  so  on.  In  vol.  ii,  "Organic  Chcmislry,"  in  the  lection  ^n 
Sugar,  the  theory  of  vacuum  concentrating  pans  is  explained  and  illustrated  by  various 
practical  forms  of  plant. 

Later,  in  the   section  on  Sodiuni   Chloride,  we  illufctralc   a   triple-cfteet  evaporator,     j 
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and  wo  will  here  describe  &  new  form  of  plant  of  a  high  degree  of  perfeotjon,  and  with  a 
sextuple  effect,  the  Kcstner  plant  (Fig.  17S). 

The  Bix  tuties  which  are  spen  in  the  figure  act  aa  evaporating  boilers.  They  are  7 
metres  high,  and  are  fitted  with  a  spherical  chamber  which  acts  aa  a  steam  Eeparstor. 
When  in  work  tiie  apparatus  contains  500  litres  of  moving  liquid  in  place  of  16,000 
litres  contained  in  an  ordinary  quadruple -effect  evaporator.  The  saline  solution  is 
concentrated  in  one  passage  through  the  apparatus  which  only  lasts  a  few  minutes.  The 
influx  of  the  liquor  into  the  first  boiler  regulates  the  concentration  at  the  exit  of  the 

Fig.  179  shows  a  section  of  an  element  of  the  plant  shown  in  the  preceding  figure  ;  each 
(-lenient  consists  essentially  of  a  bundle  of  evaporating  tubes  and  of  a  spherical  steam 

(a)  The  bundle  of  evaporating  tubes  is  formed  of  long  tubes,  £,  of  6  to  7  or  more 
metrcfi  in  length  ;  these  tubes  are  placed  in  a  steam  chamber,  J/.  All  the  tubes  communi- 
cate below  with  a  chamber  fed  by  a 

Kinglo  tube,  T,  which  enters  the 
base  of  the  steam  chamber  through 
a  stuffing. bos.  All  the  tubes  are 
Kcrcwed  into  a  perforated  plate  on 
which  the  separator  is  mounted. 
This  arrangement  allows  the 
bundle  of  tubes  to  expand  abso- 
lutely freely.  The  steam  passes 
in  at  A,  the  condensed  water  is 
discharged  at  E,  and  the  steam 
and  air  pass  off  at  O. 

(b)  The  separator,  S,  is  of 
spherical  shape  and  comparatively 
small  volume  ;  it  encloses  an 
apparatus,  D,  which  carries  wings 
similar  to  those  of  a  centrifugal 
pump.  The  apparatus, /J,  is  closed, 
and  the  form  of  its  wings  is  Kuch 
that    the   vapours    which   collide   ^ 

with  them  acquire  a  rotary  move-    L   _ .    . .    . 

inent  in  the  separator  indicated  by  ^^-  ^^^ 

the  arrow.     This  rotary  movement 

causes  the  liquid  carried  over  with  the  vapour  to  separate  from  it,  through  the  action  of 

centrifugal  force.     The  condensed  liquid  is  discharged  at  L  and  the  vapour  formed  in  the 

bundle  of  tubes  escapes  at  B. 

The  liquid  to  be  concentrated  is  fed  in  continuously  through  the  tube,  T,  and  enters 
nil  the  tubes  whichform  the  bundle  equally.  The  ebullition  due  to  the  steam  in  the  chamber 
surrounding  the  tubes  produces  first  bubbles  and  then  steam  In  each  tube,  increasing  in 
volume  and  in  velocity.  This  carries  the  liquid  up  to  form  a  thin  layer  which  adheres  to 
the  wall  of  the  tube,  causing  a  phenomenon  which  Kcstner  calls  "ffrimpaje,"  and  which  is 
indicated  graphically  in  Fig.  179,  inside  the  tubes.  At  the  top  of  the  tubes  the  liquid  has 
:i  i-eloeity  of  20  to  25  metres  per  second,  and  is  thrown  against  the  throttle,  D,  which  causes 
the  niixed  steam  and  liquid  to  acquire  a  rotary  movement,  so  that  dry  steam  escapes 
Ihrough  B  and  passes  to  the  next  unit  of  the  apparatus  or  to  the  condenser. 

\Vhen'these  Kestnor  plants  are  applied  for  the  concentration  of  very  dilute  solutions, 
such  OS  the  liquids  which  are  recovered  in  the  mercerisation  of  cotton  fibres  and  tisaucs 
{nee  vol.  ii,  "  Organic  Chemistrj',"  section  on  Textile  Fabrics),  which  have  a  concentra- 
tion of  about  2"  Bi.,  they  are  usually  concentrated  up  to  12°  B&.  in  the  first  elements  of 
the  apparatus  ;  the  solution  is  then  passed  into  the  boiler,  C,  as  is  seen  in  the  general  diagram 
in  Fig.  180,  and  milk  of  lime  is  hero  added  in  order  to  causUcise  the  sodium  carbonat« 
liirmed  bj  continuous  contact  with  air  during  the  process.  After  boiling  for  one  hour 
the  hot  solution  is  then  passed  through  a  filter  press  in  which  the  milk  of  lime  and  calcium 
c.irbonate  are  retained  by  close  cotton  fabrics,  and  the  clear  solution  is  then  concentrat«d 
in  the  tin^  elements  to  the  required  density  of  32°  to  38°  Bi, 
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In  order  to  show  the  very  great  economy  of  fuel  which  is  attained  by  such  plant,  we 
give  a  few  comparative  figures. 

In  order  to  concentrate  1  cu.  metre  of  NaOH  lyes  from  10**  to  48°  B6.,  that  is,  in  order 
to  evaporate  about  850  litres  of  water,  there  are  required  by  direct  firing  222  kilos  of  coal 
By  indirect  heating  with  steam  without  vacuum  .         .         .         .         .181 


with  vacuum  and  simple  effect 
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In  plant  with  quadruple  effect  each  kilo  of  coal  evaporates  up  to  35  kilos  of  water. 

For  a  long  time  sodium  hydroxide  was  almost  exclusively  prepared  by 
the  Leblanc  process  starting  from  NaCl  {see  Soda);  to-day,  however,  the 
electrolytic  process  has  gradually  extended  in  localities  where  hydro-electric 
energy  is  cheap. 

A  method  which  has  also  found  practical  application,  because  it  is  fairly 
simple  and  economical,  is  that  based  on  heating  sodium  carbonate  to  redness 
with  iron  oxide  in  rotary  cylinders  placed  in  a  suitable  furnace  : 

COaNag  +  FejOj  =  00^  +  2Fe02Na ; 

the  sodium  ferrite  which  is  thus  formed  is  thrown  into  hot  water,  and  in  this  way 
a  concentrated  solution  of  sodium  hydroxide  is  obtained  and  the  insoluble 
iron  oxide  is  regenerated  : 

2Fe02Na  +  HgO  =  2NaOH  +  Fefi^. 

ELECTROLYTIC  PREPARATION.  Considerable  quantities  of  sodium 
hydroxide  are  to-day  obtained  electrolytically ,  starting  from  solutions  of  sodium 
chloride  or  from  fused  sodium  chloride.  The  sodium  is  obtained  in  the  form 
of  sodium  hydroxide,  and  all  the  chlorine  is  absorbed  by  slaked  lime  and 
goes  into  commerce  as  chloride  of  lime  (bleaching  powder)  containing  35  to 
37  per  cent,  of  CI. 

It  was  once  believed  that  in  the  electrolytic  decomposition  of  an  aqueous  solution  of 
sodium  chloride,  only  the  following  reactions  occur  : 

Naa  =  Na  +  a  ;    Na  +  H^O  =  NaOH  +  H, 

* 

so  that  hydrogen  should  be  obtained  at  the  negative  pole  (cathode)  and  chlorine  only  at 
the  positive  pole-  (anode).  It  is  found,  however,  that  in  practice  oxygen  is  developed 
at  the  anode  and  that  hypochlorite  and  chlorate,  and  even  sodium  perchlorate,  are 
formed  in  solution.  Forster  and  Miiller  in  1903  studied  all  the  conditions  under 
which  the  secondary  reactions  occur,  and  it  only  then  became  possible  to  regulate  and 
more  or  less  to  eliminate  this  difficulty.  The  difficulties  are  always  serious  and 
numerous,  but  the  process  is  too  important  not  to  continually  claim  the  attention  of 
students  and  of  technologists  who  are  concerned  in  increasing  the  value  of  the  chloride 
by  transforming  it  into  the  alkali  hydroxide  by  means  of  the  simple  action  of  the 
electric  ciirrent. 

Theoretically  one  ampdre-hour  should  produce  1*322  grms.  of  chlorine  and  1-491  grms. 
of  NaOH.  It  should  be  noted  that  the  same  quantity  of  electrical  energy  produce.* 
a  greater  weight  of  potassium  hydroxide  of  molecular  weight  66  than  of  sodium  hydroxide 
of  molecular  weight  40,  although  the  quantities  of  chlorine  remain  the  same  in  both 
cases.  The  electrolytic  process  is  thus  of  greater  advantage  in  potassium  hydroxide 
manufacture. 

The  electrolytic  processes  may  be  divided  into  three  groups  :  the  elec- 
trolysis of  aqueous  solutions  of  sodium  chloride,  with  and  without  dia- 
phragms, and  electrolytic  decomposition  of  molten  sodium  chloride. 
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TABLE  OF  SPECIFIC  GRAVITIES  AND  STRENGTHS  OF  SOLUTIONS  OF 

SODIUM  AND  POTASSIUM  HYDROXIDES 


Per  cent. 

Per  cent 

Per  cent. 

Per  cent. 

Sp.  gr.  At  15** 

Degrees 
Baum6 

by  weight 
of  NaOH 

by  weight 
of  KOH 

8p.gr.  at  16" 

Degrees 
Baiim6 

by  weight 
of  NaOH 

by  weight 
of  KOH 

1007 

1 

0-61 

0-9 

1-252 

29 

22-64 

27-0 

1014 

2 

1-20 

1-7 

1-263 

30 

23-67 

28-0 

1022 

3 

2-00 

2-6 

1-274 

31 

24-81 

28-8 

1029 

4 

2-71 

3-5 

1-285 

32 

26-80 

29-8 

1036 

5 

3-35 

4-5 

1-297 

33 

26-83 

30-7 

1045 

6 

4-00 

6-6 

1-308 

34 

27-80 

31-8 

1-052 

7 

4-64 

6-4 

1-320 

35 

28-83 

32-7 

1060 

8 

6-29 

7-4 

1-332 

36 

29-93 

33-7 

1-067 

9 

6-87 

8-2 

1-345 

37 

31-22 

34-9 

1-076 

10 

6-66 

9-2 

1-357 

38 

32-47 

35-9 

1083 

11 

7-31 

101 

1-370 

39 

33-69 

36-9 

1091 

12 

8-00 

10-9 

1-383 

40 

34-96 

37-8 

MOO 

13 

8-68 

12-0 

1-397 

41 

36-25 

38-9 

1108 

14 

9-42 

12-9 

1-410 

42 

37-47 

39-9 

1-116    . 

15 

10-06 

13-8 

1-424 

43 

38-80 

40-9 

1-126 

16 

10-97 

14-8 

1-438 

44 

39-99 

42-1 

1134 

17 

11-84 

15-7 

1-453 

45 

41-41 

43-4 

1-142 

18 

12-64 

16-5 

1-468 

46 

42-83 

44-6 

1-162 

19 

13-55 

17-6 

1-483 

47 

44-38 

45-8 

1-162 

20 

14-37 

18-6 

1  -498 

48 

46-16 

47-1 

1-171 

21 

15-13 

19-5 

1-514 

49 

47-60 

48-3 

1-180 

22 

16-91 

20-5 

1-530 

60 

49-02 

49-4 

1-190 

23 

16-77 

21-4 

1-546 

51 

50-6 

1-200 

24 

17-67 

22-4 

1-563 

62 

51-9 

1-210 

25 

18-68 

23-3 

1-580 

53 

53-2 

1-220 

26 

19-58 

24-2 

1-597 

54 

54-5 

1-231 

27 

20-59 

25-1 

1-615 

56 

55-9 

1-241 

28 

21-42 

26-1 

1-634 

56 

57-5 

The  material  of  which  the  electrodes  are  constructed  is  of  great  importance 
in  the  electrolytic  processes  because  it  has  to  resist  the  action  of  the  alkali 
and  of  the  nascent  chlorine.  Those  formed  of  compact  retort  graphite  serve 
very  well,  although  the  large  consumption:  of  electrodes  does  not  depend 
on  the  action  of  the  reagents  only,  but  largely  on  the  intensity  of  the  electric 
current.  Electrodes  of  powdered  and  sheet  platinum  have  yielded  good  results, 
but  a  net  of  platinum  wire  which  costs  relatively  little  has  given  still  better 
results.  To-day,  however,  the  electrodes  which  are  generally  used  are  made  of 
artificial  graphite  produced  by  the  firm  of  Acheson  at  Niagara  (see  Graphite, 
p.  360).  When  carbon  electrodes  are  used  there  is  evolution  of  carbon  dioxide 
at  the  anode  which  causes  loss  of  sodium  hydroxide,  and  it  is  therefore  necessary 
to  interrupt  the  electrolysis  when  the  solution  contains  8  per  cent,  of  sodium 
hydroxide.  In  order  to  avoid  the  formation  of  carbon  dioxide  anodes  of  ferroso- 
ferric  oxide  are  prepared  which,  however,  melt  with  difficulty  at  2000*^  to 
3000"^,  and  need  to  be  carefully  cooled  in  order  to  avoid  the  formation  of  cracks. 
These  anodes  are  not  attacked  by  oxygen,  and  thus  cause  the  oxidation  of  the 
chloride  to  chlorate,  which  latter  is  so  obtained  gratuitously.  The  sodium 
hydroxide  solution  obtained  by  this  process  by  the  Elektron  CJompany  of 
Griesheim  (see  below)  is  concentrated  up  to  50  per  cent.  At  this  point,  however, 
it  acquires  a  yellow  colour  from  the  presence  of  iron  ;  the  elimination  of  this 
latter  substance  is  easily  carried  out  by  an  osmotic  process  without  the  use  of  a 
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membrane,  by  allowing  the  solution  to  diflfuse  into  water  running  in  the  opposite 
direction  in  long  channels. 

Diaphragms,  which  are  constructed  jJ]of  porous  earthenware^  (^ee  below], 
are  used  to  keep  the  products  of  the  electrolytic  decomposition  separate. 
Otherwise  hypochlorites  or  chlorates  would  be  formed  by  the  interaction  of 
the  sodium  hydroxide  and  the  chlorine.  The  spaces  in  which  the  anodes  and  the 
cathodes  are  disposed  are  thus  separated  wdthout  prevention  of  the  passage  of 
the  current.  It  was  not,  however,  an  easy  matter  to  prepare  such  diaphragms, 
which  must  be  resistant  to  the  action  of  the  current,  of  the  chlorine  and  of 
the  alkali. 

To  these  technical  difficulties  a  grave  commercial  difficulty  was  added, 
which  consisted  in  the  excessive  quantities  of  chloride  of  lime  which  were 
obtained  compared  with  the  quantity  of  sodium  hydroxide,  these  being  in  the 
proportions  of  about  2-5  to  1 .  There  was  not  a  sufficient  demand  for  the  former 
product,  and  the  price  therefore  descended  in  recent  years  from  £8  to  £3  12*. 
per  ton.  Thus,  the  commercial  basis  of  the  whole  industry  was  endangered. 
To-day,  however,  the  price  has  risen  (in  Italy)  to  £5  12«.  per  ton,  through  an 
arrangement  between  the  producers  and  through  the  protective  tariffs. 

In  many  quarters  a  suggestion  has  been  made  to  utilise  the  chlorine  for  the 
production  of  hydrochloric  acid,  thus  reversing  the^process  used  until  now  of 

obtaining  chlorine  from  hydro- 
chloric acid.  The  transforma- 
tion of  sodium  hydroxide  into 
carbonate  has  also  been  pro- 
posed because  there  is  a 
greater^  demand  for  the  latt-er. 
These  projects,  however, 
although  technically  possible, 
have  not  been  applied,  because 
they  collide  with  the  thenno- 
chemical  balance  of  their 
manufacture  ;  thus  more 
energy  is  required  in  order  to 
transform  sodium  chloride  into  sodium  hydroxide  and  chlorine  than  to  transform 
it  into  carbonate  and  hydrochloric  acid  ;  there  would  therefore  be  a  waste  of 
energy  in  passing  from  the  hydroxide  to  the  carbonate  and  from  chlorine  to  HCl, 
which  can,  on  the  other  hand,  be  obtained  by  simple  chemical  processes  \vith 
less  consumption  of  energy.  The  chlorine  is  now  used  to  som^  extent  for  the 
manufacture  of  carbon  tetrachloride  (which  see),  and  a  portion  of  the  chlorine 
is  placed  on  the  market  in  the  liquid  state.  The  electrolytic  process  should 
only  be  used  to  satisfy  the  demand  for  chlorine  and  sodium  hydroxide.  To-day, 
after  the  great  growth  of  aeronautic  enterprise,  the  collection  of  the  hydrogen 
which  is  evolved  at  the  negative  pole  in  large  quantities  has  also  been  taken 
in  hand.  The  potassium  hydroxide  works  of  Griesheim  alone  produce  60  cu. 
metres  of  hydrogen  daily. 

I.  PROCESSES  WITHOUT  DIAPHRAGMS.  The  groat  difficulties  which  m^e 
first  encountered  in  applying  electrolytic  processes  with  diaphragms  led  Castner  in  America, 
Kellner  in  Austria,  and  Sinding-Larsen  in  Norway  almost  simultaneously  to  dexise 
processes  without  diaphragms,  based  on  the  employment  of  metaJlic  mercury  as  a  cathode 
and  conducting  the  electrolysis  of  the  salt  solution  in  such  a  manner  that  the  sodium  cation 
is  immediately  dissolved  by  mercury  at  the  instant  of  its  formation,  forming  an  amalgam. 
This  is  then  passed  into  water  below  the  apparatus,  where  a  somewhat  concentrated 
solution  of  pure  sodium  hydroxide  is  obtained,  and  thus  pure  somewhat  concentrated 
soditmi  hydroxide  solution,  almost  free  from  chlorides,  is  obtained  with  evolution  of 
hydrogen  and  regeneration  of  mercury,  which  is  then  again  pumped  into  the  apparatus.^ 

>  Pftttnto  for  tbe  vuious  modiflcations  of  tbiB  process  are  uomerous,  and  it  will  Boi&ce  to  meution  here  iIkmc 
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A  Himpio  diagram  of  one  of  these  forms  of  apparatua,  the  £rat  one  usod  by  Kellner,  is 
shown  in  Fig.  181.  The  stonewtire  Teasel,  S,  with  a  slightly  inclined  bottom,  ia  divided  into 
two  cells  by  the  partition,  E.  In  the  cell,  A,  we  have  the  anode,  B,  formed  of  an  iridio- 
piatinam  plate  immersed  in  a  concentrated  solution  of  sodium  chloride.  The  mercury,  C, 
at  the  bottom  actti  as  a  cathode  and  combineB|with  tlic  sodium  to  form  an  amalgam  ;  this 
Rodium  IB  then  utilised  and  the  mercury  regenerated  in  the  cell,  D,  where  there  is  a  cathode, 
A',  of  iridio- platinum  immersed  in  water.  This  decomposou  the  amalgam,  forming  NaOH 
and  hydrogen,  which  is  evolved  at  the  cathode,  K,  whilst  the  mercury  which  is  liberated 
ft[-l.s  as  an  anode  and  is  pumped  into  the  first  cell.  A,  by  the  puimp,  P.  Since  a  small  part 
of  the  amalgam  is  already  decomposed  in  the  cell.  A,  the  anodic  oxygen  in  D  is  formed  in 
presence  of  less  alkali  than  corresponds  to  the  evolved  hydrogen,  so  that  r  small  portion  of 
the   mercury  in  P  is   ojj-  , 

dised.  Kellner  overcame 
this  difBculty  by  intro- 
ducing between  thecathode, 
J{,  and  the  anode  (amal- 
gam )  a  secondary  electrode, 
L,  formed  of  a  nietalUc 
Hpiral,  thus  estabUshing  a 
uhort  circuit  in  such  a 
r  that  external  work 
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was  avoided,  but  sufficient  current  remained  to  accelerate  the  solution  ol  the  sodium 
in  the  mercury,  thus  removing  it  more  easily  and  more  rapidly  from  the  action  of  the 
aqueous  solution  of  the  salt. 

In  England,  and  in  America  at  Niagara,  the  Castner  process  was  applied  and  unites 
those  of  Kellner  and  Solvay  into  a  single  procesB.  There  are  three  parallel  cells  (Figs,  182 
and  183)  Bi'parated  by  a  hydraulic  seal  of  mercury  ;  at  the  bottom  of  the  cells  the  depth 
of  the  mercury  Is  a  few  milUmotres.  In  the  lateral  cells,  6,  the  solution  of  sodium  chloride 
is  contained  together  with  the  anodes  ;  the  amalgam  from  each  la(«ral  cell  in  turn  is  treated 
in  the  central  cell,  which  contains  water,  by  means  of  the  gentle  raising  and  lowering 
produced  at  one  extremity  of  the  apparatus  by  means  of  an  eccentric,  E, 

A  similar  plant  is  working  at  Niagara  Falls  with  a  current  efficiency  of  90  per  cent,  and 
consuming  6000  h.p. ;  60  tons  of  salt  are  treated  daily  producing  36  tons  of  sodium  hydroxide 
of  97  to  99  per  cent.,  and  about  90  tons  of  chloride  of  lime  containing  36  per  cent,  of  chlorine. 


Pio.  18-1. 

In  1899  Solvay  (Ger.  Pat.  100,560)  discovered  a  moans  of  working  with  less  mercury 
by  making  use  of  the  loner  specific  gravity  of  the  amalgam,  which  floats  at  the  top  and  is 
continuously  discharged  as  a  fine  coating  only,  which  is  formed  at  the  surface,  without 
circulating  large  masses  of  mercury.  The  electrolysis  is  conducted  in  two  parallel  vats  in 
communication  with  one  another  and  so  arranged  that  a  bucket-wheel  raises  the  mercury 
and  keeps  it  in  continuous  circulation.  The  batteries  of  this  pluit  ore  suitable  for 
currents  of  10,000  to  16,000  amps.  The  factories  at  Jomappos  in  Belgium,  at  Ljubimoff  in 
Russia,  and  of  the  Society  del  Ca&aro  at  Brescia  work  by  this  process. 

Kellner  further  improved  his  process  by  a  most  ingenious  apparatus  (Fig.  164),  in  which 
the  mercury  circulates  round  a  cylinder  immersed  in  the  bath  through  channels  which  form 
spirals  on  the  inside  and  outside  of  the  cylinder  alternately, 

ler,  1804,  ISM,  «c. ;  SUJnner, 
I  wltb  gnat  cunat  itoMj. 
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A  porcelain  or  stonewttre  cylinder,  A,  closed  below,  ia  provided  with  a  channel  wtiich 

formB  a  spiral,  first  passing  round  onco  at  the  top  along  the  internal  wall,  and  then   cod- 

tinuiug  tlirougb  a  hole,  c,  and  forming   a.   second  spiral  round  the   ext^nkal  wall   of  the 

same  cylinder  ;  it  then  ro-enters  and  takea  a  third  turn  round  the  inside,  a  fonrth  round 

the  outside,  &c.,  until  it  arrives  at  the  lower  part  of  the  cylinder.     Inside  the  cylinder.  A, 

there  is  a  bottomless  cylinder  which  acts  as  an  anode,  and  is  filled  with  solid  sodium  chloride. 

The  space  between  the  cylinders,  A  and  B,  is  filled  with  a  concentrated  solution  of  sodium 

chloride,  whilst  the  cylinder.  A,  is  surrounded  by  water  contained  in  an  iron  cylinder,  C  ; 

the  mercury  paaaea  in  th»ough  the  tube,  q,  from  which  it  passes  into  the  channel,  a,  and  is 

in  contact  at  several  points  with  the  negative  polo  (cathode)  as  it  flows  slowly  round  the 

spir&L  .    Inside  the  cylinder.  A,  the  mercury   becomes  covered  with  sodium  amalgsm. 

which  is  produced  by  the  electrolytic  decomposition  of  the  NaCl,  but  when,  on  continuing 

its  course,  it  enters  the  channel  which  passes  along  the  external  wall  of  A,  it  immediately 

forms  sodium  hydroxide  in  contact  with  the  wat«r,  and  the  mercury  is  regenerated  and 

again  enters  the  interior  of  A  in  order  to  form  further  sodium  amalgam,  which  is  decomposed 

outside,  and  so  on.     In  the  interior  ol  A  chlorine  is  continuously  developed  and  escapes 

from  the  tube,  r^,  whilst  outside  A  a  solution  of  sodium  hydroxide  is  formed  which  gradually 

increases  in  concentration  and  is  discharged  by  a  cock  ;  the  hydrogen  escapes  by  the  tube, 

Ti.     The  apparatus  is  closed  above  by 

the  cover,  d,  which  carries  the  tubes 

for   the  escaping  gases,    fto.       This 

apparatus  is  not  suitable  for  a  very 

large  output,  for  which  the   Solvsy 

process  is  preferable. 

The  Qiemico-Hetallurgical  Com- 
pany of  Aussig  (Austria)  keeps  the 
products  of  the  elootrolytic  dissocia- 
tion separate,  by  making  use  of  the 
different  densities  of  the  liquids  in  the 
two  chambers  containing  the  elec- 
trodes. The  apparatus  may  be  coa- 
sidered  in  principle  as  a  type  inter- 
FiQ.  185.  mediafebetwoonthosewithdiaphragms 

and  those  without  diaphragms,  and  is 
shown  in  Fig.  185.  The  anode,  a  (positive  pole),  is  formed  of  a  bundle  or  disc  of  carbon 
which  is  placed  in  a  bell,  6,  non -conductive  and  resistant  to  chlorine,  which  is  immersed 
in  the  NaCl  solution.  The  cathodes  (negative  pole),  c,  are  formed  of  two  iron  plates. 
The  exact  adjustment  of  the  distance  of  the  anode,  a,  from  the  lower  level  ol  the  bell  is  of 
the  highest  importance,  because  the  separation  of  the  chlorine  from  the  sodium  hydroxide 
which  is  formed  in  the  vat  and  which  escapes  from  /  depends  on  this  adjustment.  The 
electrolyte,  which  is  a  concentrated  solution  of  NaCl,  enters  slowly  and  continuously  through 
the  tube,  c,  whilst  the  chlorine  gas  escapes  through  the  tube,  g  ;  apparently  95  to  90  per 
cent,  of  the  current  is  utilised  by  this  process. 

The  solution  which  is  obtained  contains  about  lU  per  cent,  of  sodium  hydroxide  and 
much  sodium  chloride.  On  evaporating  the  Uquid  almost  the  whole  of  the  sodium  chloride 
first  separates  in  the  soUd  state,  and  the  concentrated  solution  of  sodium  hydroxide  is  then 
evaporated  separately  to  dryness  and  then  contains  only  2  to  3  per  cent,  of  chlorides. 

In  1896  Kellner  proposed  to  treat  the  alkaline  solution  of  NaOH  directly  with  carbon 
dioxide  (chimney  gases)  in  order  to  thus  cause  sodium  carbonate  to  crystallise. 

The  engineer  Rambaldini  has  lately  devised  a  continuous  electrolytic  process  for  the 
preparation  of  sodium  hydroxide  without  diaphragms,  based  on  the  difference  in  density 
between  the  electrolyte  and  the  resulting  hydroxide  solution,  as  these  solutions  may  be 
superposed  without  mixing.  In  spite  of  repeated  experimmts  on  a  small  industrial  scale 
this  process  has  not  yet  been  accepted  by  the  large  caustic  soda  works  as  possesang  any 
advantages  (Ger.  Pat.  183.853  of  1902,  granted  in  1907). 

II.  PROCESSES  WITH  DIAPHRAGMS.  Various  German  works  now  united 
under  the  single  name  of  ChemischeFabrikGriesheim-Elektron  already  started  experiment* 
<m  the  production  of  clcctroljlic  soda  in  1SH4,  starting  from  a  patent  of  C.  Hopfner,  and  in 
1890  the  first  European  works  was  erected  at  Griesheim,  using  400  h.p.,  which  was  aheMi; 
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doubled  in  1892  and  wag  later  increased  to  2000  h.p.  Since  cheap  wafer-power  is  Bcarce 
in  Gcrmanj-,  a  new  plant  using  3000  h.p.  was  erected  at  Bittorfcld  in  Saxony  in  1893,  aa 
cheap  lignite  is  found  abundMitly  in  this  locality  almost  on  the  aurface.  In  1895  the 
Bitterfeld  establishment  u-as  doubled  in  size  and  in  1868  it  w-as  absorbed  by  the  Elektron 
Company.  They  work  with  a  syslem  o!  diaphragms,  but  the  details  of  the  process  arc 
kept  secret.  The  difficulties  encountered  in  obtaining  resistant  diaphragms  were  ^-ery 
great ;  diaphragms  of  soap,  albumen,  parchment-paper,  collodium,  hard  rubber,  porous 
earthenware,  limestone,  asbestos  fabrics,  &c.,  were  tried,  but  all  proved  ueeleei^. 
These  materials  were  destroyed  in  a  few  days.  The  Elektron  Company  finally  succeeded 
,  in  preparing  resistant  diaphragms  from  porous  plalcs  of 

Portland  cement  ;  and  lately  good  diaphragms  have  also 
been  prepared  in  America  from  asbestos  fabrics  coated 
with  cement  or  sodium  siheate.  The  preparation  of  the 
anodes  for  this  process  has  already  been  described. 

The  Badische  Anilin  und  Soda  Fobrik  of  Ludwigshaf  en, 
and  certain  other  important  works  in  Europe  and  America, 
to-day  use  diaphragms  very  successlidly.  To-day 
33,000  horse-power  are  used  altogether  in  such  works 
in  various  countries,  with  a  total  production  of  70,000 
tons  of  sodium  hydroxide  and  120,000  tons  of  bleaching 

Of  the  numerous  methods  and  forms  of  apparatus  for 
rte'^^'^^^^^T^^i'  ""^XJI     decomposing  sodium  chloride  solutions  elect rolytically 
y^^;^:l-^^;ji^^^S^^^~::^^^        with  the  employment  of  diaphragms,  we  will  only  record 
the   most  important.      Ordinarily  the  solution  of   the 
chloride  is  electrolysed  at  a  temperature  of  80°  to  00° 
with  a  current  of  100  te  200  amps,  per  square  metre  of 
cli'ctrode  surface  and  at  a  tension  of  3-5  to  4  volts. 

After  the  greater  number  of  difficulties  encomitcred  in  the  manufacture  of  resistant 
diapliragms  had  been  overcome,  these  methods,  which  'K'eru  those  first  attempted  for  the 
preparation  of  electrolytic  caustic  soda,  regained  the  upper  hand,  and  the  consumption 
uf  electrodes  and  of  diaphragms  does  not  form  such  a  serious  item  in  this  industry  as  in 
the  past,  when  it  prevented  its  development. 

The  greater  number  of  tliesc  diaphragms,  which  act  as  osmotic  men)branes,  offer  great 
resistance  to  the  passage  of  the  current  and  do  not  even  Kcjwirftte  the  product!:  of  the  eleclro- 
lytie  dissociation  very  well. 

The  firm  of  Mcister  Lucius 
uud  Bruning  of  Hochst  has 
|»artly  overcome  this  difficulty  * 
by  applying  to  the  two  sides  of 
the  diaphragm,  P  (Fig.  186),  a 
scries  of  non-porous  bands,  q, 
iirronged  in  the  same  niaunt 
as  a  Venetian  blind,  and  in 
clined  upwards,  as  shown  i 
the   figure,  in  such   a  manner  i-       .i-- 

that   the    bubbles  of    gas  are 

forced  to  rise.     lu  America  diaphragms  of  sheet  asbestos  coated  with  cement  have  bi-cn 
UKcd  since  1005  ;  these  offer  nmeh  Icsh  resistance  to  the  current  than  other  diaphrii}!iiis. 

A  process  which  has  enjoyed  much  suceessduriiigrecentyearsandhasbeeHaiii)lii'dona 
vast  scale  by  an  English  company  for  the  product  ion  of  sodium  car  bonaleand  chloride  of  lime 
is  that  of  Hargreavcs  in  its  latest  modification  (1898).  llio  electrolytie  cull  is  constructed 
Willi  a  diaphragm  about  6  mm.  thiek,forn)edofan  asbestos  fabric  impregnated  with  sodium 
tiiticate,  and  compressed  into  sheets,  which  allows  osmotic  phenomena,  but  not  filtration  of 
the  liquid  to  occur.  The  external  face  of  the  diaphragm,  D  (Fig.  187),  is  connected  with 
the  cathode,  C,  formed  of  a  close  net  of  copper  wire,  or  of  a  perforated  plate.  The  internal 
portion  between  the  two  diaphragms  forms  the  cliamber  in  uhich  the  salt  solutionis  placed, 
and  the  carbon  anodes.  A,  dip  into  this  solution.  The  chamber  containing  the  cathode 
does  not  contain  any  liquid,  but  a  jot  of  steaiii  or  a  spray  of  water  is  introduced  in  order 
I  ^9 
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to  dissolve  the  sodium  as  fast  as  it  is  formed  when  the  system  is  working.  The  sodium 
hydroxide  solution  collects  at  the  base  of  this  chamber,  and  if  direct  production  of  sodium 
carbonate  is  desired  it  is  only  necessary  to  pass  in  a  current  of  moist  carbon  dioxide.  The 
chlorine  escapes  from  the  anode  chamber  tlirough  a  tube  at  the  top.  Through  special 
circumstances  this  process  has  acquired  a  certain  importance  in  England.  Each  oell  has 
a  surface  of  10  sq.  metres  of  diaphragms  and  of*  cathodes,  and  decomposes  106  kilos 
of  NaCl  per  twenty-four  hours,  producing  177  kilos  of  chloride  of  lime,  containing  37  per 
cent,  of  active  chlorine,  and  95  kilos  of  calcined  soda,  containing  98  per  cent,  of  Na2COj  ; 
an  electric  current  of  2300  amps,  at  3*9  volts  is  required,  and  the  current  efSciency  is 
97  per  cent.  The  diaphragms  are  3  metres  long  and  1  -5  metres  wide,  last  more  than  a 
month,  and  cost  about  58.  lOd.  each.  A  plant  composed  of  260  of  these  electrolytic  cells 
occupies  a  space  of  about  3500  sq.  metres. 

Another  process  which  has  been  applied  practically  is  that  of  Le  Sueur  (1898).  The 
apparatus  consists  of  an  iron  tank  containing  the  bath,  and  anodes  formed  of  nets  of  iridio- 
platinum  wire  ;  the  diaphragms  are  horizontal  and  corrugated  ;  the  cathode  is  formed  of  an 
iron  net. 

The  OtUhenin-ChcUandre  process  is  employed  in  various  works,  especially  in  those   of 

the  S^^iss   and  Lyonese    Com- 
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pany,  "La  Volta,"  at  Ch6vres, 
near  Geneva,  at  Montiers  in 
Savoy,  and  those  of  the  Societa 
elettrochimica  of  Rome  at 
Bussi. 

The  apparatus  is  shown 
diagrammatically  in  Fig.  188. 
The  box,  B,  is  constructed  of 
ebonite  or  cement  and  contains 
the  anode,  c  ;  one  side  of  it  is 
furnished  with  a  double  wall, 
O,  which  does  not  reach  to 
the  bottom ;  the  two  oppo- 
site walls  of  this  box  are  per- 
forated by  long,  porous,  inclined 
tubes  open  at  the  two  ends, 
which  serve  as  diaphragms,  and  contain  the  cathodes,  6,  formed  of  metallic  plates  united 
to  the  negative  pole.  The  anode  is  placed  between  two  series  of  these  tubes  ;  the  whole 
is  placed  in  a  large  tank.  A,  which  contains  a  solution  of  alkali  hydroxide  and  the  NaCl 
solution  is  passed  into  the  ebonite  tank  through  the  upper  tube.  When  the  current 
passes  chlorine  is  evolved  through  the  tube,  6,  whilst  the  sodium  separated  at  the  cathode 
inside  the  tubes  is  transformed  into  sodium  hydroxide,  a  sohition  of  which  passes  out 
through  a  syphon  tube,  whilst  fresh  water  continuously  passes  in.  The  hydrogen  which 
is  evolved  in  the  inclined  tubes  passes  up  these  and  collects  in  the  chamber  formed  by  the 
double  walls  from  which  it  i)as8es  into  gasometers  in  order  to  be  utilised. 

in.  ELECTROLYSIS  OF  THE  FUSED  CHLORIDE.  Lyte  ( 1892-1895)  endeavoured 
to  decompose  the.  fused  lead  chloride  obtained  as  a  by-product  in  various  industries  by 
means  of  the  electric  current.  The  idea  of  a  process  of  decomposing  molten  chlorides  by 
a  dry  method  was  thus  started.  In  the  electrochemical  works  at  Bitterfeld  electrolj-tic 
soda  is  also  prepared  by  a  dry  method,  but  the  details  are  kept  secret.  In  France  the 
HiUin  process  was  tried,  but  was  abandoned  because  various  difficulties  were  met  with 
and  a  large  quantity  of  electrical  energy  was  required,  the  current  efficiency  being  low. 
The  process  is  based  on  the  decomposition  of  molten  sodium  chloride,  contained  in  a  large 
crucible,  by  the  current.  The  crucible  was  placed  in  a  furnace  and  large  carbon  anodes 
were  used,  molten  lead  being  employed  as  the  cathode.  The  latter  combined  with  the 
sodium  as  it  was  formed,  producing  an  alloy  of  lead  witli  25  per  cent,  of  sodium,  which  was 
collected  in  the  liquid  state  and  decomposed  with  steam  in  separate  vessels  under  pro|XT 
precautions. 

A  current  of  7500  amps,  per  square  metre  was  used  at  a  tension  of  7  volts  ;  81  grms.  of 
chlorine  and  54  grms.  of  sodium  were  obtained  per  electrical  h.p.-hour. 

In  Savoy,  near  Modano,  the  Vautin  method  was  tried  which  is  a  slight  modification  oi 
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tho  preceding  one,  but  it  was  also  abandoned.  An  E.M.F.  of  6  volts  was  required 
and  a  current  of  7600  amps,  per]  square  metre  ;  each  horse-power  produced  1  *24  kilos  of 
sodium  and  1*85  kilos  of  chlorine^daily. 

In  order  to  show  the  inferiority  of  this  method  compared  with  the  wet  methods,  it  is 
sufficient  to  note  that  in  order  to  obtain  9  tons  of  sodium  hydroxide  of  70  per  cent,  of 
NasO  tho  following  amounts  of  electrical  energy  are  required : 

By  the  Hargreaves-Bird  process  .         .         .     2609  kw. -hours 
„         Castner-Kellner  ,,       .         .         .     2694        „ 

„        Hulin  (dry-method)  „      .         .         .     6106        „ 

In  order  to  work  by  the  dry  process  it  is  therefore  necessary  to  have  at  disposal  large 
quantities  of  cheap  electrical  energy.  This  condition  is  realised  at  Niagara  Falls,  where 
the  Acker  process  (1900),  which  is  an  improvement  of  the  preceding  process,  is  used.  By 
thir.  process  the  heat  of  combination  of  the  sodium  with  steam  is  also  utihsed  by  employing 
the  hydrogen  so  formed  for  heating  purposes.  This  process  still  consumes  much  energy 
compared  with  the  other  methods,  but  a  ten  times  larger  production  of  soda  is  attained 
and  the  sodium  hydroxide  thus  obtained  at  high  temperatures  is  free  from  water.  The 
consumption  of  electrodes,  especially  of  the  cathodes,  is  however  very  large,  although  these 
are  constructed  of  Acheson  graphite  and  last  one  himdred  times  longer  than  those  of 
amorphous  carbon  ;  the  latter  are  destroyed  in  a  few  minutes. 

APPLICATIONS,  PRICES,  AND  STATISTICS.^  Caustic  soda  is  used  in  large 
quantities  in  the  manufacture  of  soap,  which  consists  of  the  potassium  or  sodium  salts  of 
fatty  acids.  Caustic  soda  is  also  used  in  paper  mills,  cotton  mills,  aniline  dyestuff  factories 
(for  the  preparation  of  alizarine,  resorcin,  naphthol,  &c.),  for  mercerising  cotton  {see  vol.  ii, 
''  Organic  Chemistry,"  section  on  Textile  Fibres),  for  purifying  petroleum,  mineral 
oils,  &c.  The  production  of  sodium  hydroxide  is  carried  out  more  especially  in  England 
and  in  Germany  ;  the  latter  country  produced  70,000  tons  of  caustic  soda  in  1901,  of  which 
only  5000  tons  were  electrolytic,  and  35,000  tons  of  potassium  hydroxide,  of  which  30,000 
tons  were  manufactured  by  the  electrolytic  process.  Germany  exported  about  6000  tons 
of  caustio  soda  in  1905  of  the  value  of  £60,760  and  8340  tons  in  1909 ;  in  France  the  production 
of  electrolytic  caustic  soda  docs  not  reach  5000  tons.  England  exported  80,000  tons  in  1 909. 
In  Russia  the  consumption  of  caustic  soda  in  1897  was  23,500  tons,  of  which  7770  tons 
were  imported  from  Germany  and  from  England  ;  in  1907  the  consumption  rose  to  38,336 
tons,  and  the  imports  fell  to  208  tons. 

In  1902  Italy  imported  17,000  tons  of  caustic  soda  of  the  value  of  £182,280 ;  but  in 
1905  the  Societa  elettrochimica  of  Kome  commenced  to  produce  2500  tons  in  their  works 
at  Bussi,  and  the  imports  then  decreased  to  16,540  tons,  and  in  1904  to  14,150  tons  at  £10  4s. 
per  ton.  In  1908  tho  works  at  Bussi  produced  2715  tons  of  the  value  of  £28,240.  Tho 
imports  have  now  decreased  further  because  in  1906  other  works  were  established  by  tho 
Society  elettrica  ed  elettrochimica  at  Caffaro  in  Brescia,  who  place  on  the  market  by 
preference  concentrated  solutions  of  very  pure  caustic  soda  of  38"  Be.,  which  are  more 
convenient  for  practical  use,  as  the  disadvantage  of  preparing  the  solution  is  saved  to  the 
consumer  and  a  portion  of  the  expense  of  concentration  is  saved  by  the  manufacturer. 
These  works  produced  4100  tons  of  caustic  soda  of  38*  B6.  in  1908  of  the  value  of  £16,400. 
In  the  works  at  Bussi  a  fiu*ther  8  tons  of  fused  caustic  soda  are  x)roduced  per  day 
together  with  0*8  to  1-0  ton  of  potassium  chlorate,  as  the  temperature  in  the  anodic  cell 
rises  to  60°  to  70°.  (Concentrated  solutions  of  caustic  Soda  are  despatched  in  iron  drums 
and  in  tank-waggons. 

It  is  interesting  to  note  that  in  spite  of  this  national  production  imports  still  remain 
rather  high,  bemg  15,750  tons  in  1906  ;   14,420  tons  in  1907  ;  and  14,350  tons  in  1908,  of 

'  A  works  for  the  daily  production  of  3-15  tons  of  t»odium  hydroxide  and  7-5  tons  of  cliloridc  of  hiuc  would 
coat  about  £12,000  for  plant,  exclustivc  of  plant  for  motive  jwwcr  and  steam  production.  The  complete  daily  cot.t 
of  working  would  be  £54  and  the  gross  daily  profit  would  be  about  £60.  We  give  in  detail  the  expended  wliich  would 
be  incurred  in  England,  but  they  would  have  to  be  considerably  altered  to  buit  Italian  couditiontf. 

The  daily  expenses  in  an  English  works  may  be  estimated  as  follows  :  5-85  tons  of  salt,  £3  Ss. ;  4-53  tons  of 
iiuie  for  absorbing  the  clilorlnc,  £5  5«.  7d. ;  0-0  ton  of  hydrochloric  acid,  £4  4«. ;  0*7  ton  of  coal  for  evaiK)Fatijig 
Imodium  hydroxide  solutions  and  producing  a  portion  of  the  power  (250  h.p.)t  £4  S«. ;  the  wages  of  45  people 
At  a  mean  daily  wage  of  6«.  9d.  ^  £15  4«. ;  administration  expen.nes,  £1  12«. ;  packing,  £3  U. ;  lubricants,  various 
btores,  and  losses,  £2  2s.  bd. ;  rates  and  taxes  and  insurance,  £1  Is.  Hd. ;  repairs  und  amoitidation,  £5  5«.  7d. 
various  expenses,  £1 1«.  7d, ;  daily  charge  for  1000  electric  h.p.  at  £2  11«.  per  h.p.-year,  £7.  The  gross  daily  profits 
from  7-5  tons  of  chloride  of  lime  at  £5  per  ton  would  be  £87  10<.,  and  for  3- 15  tons  of  bodlum  h^droxido  at  £10  per 
^11,  £31  io«.,  from  which  one  must  deduct  £11  lit,  for  freight. 
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the  value  of  £1 60,000.   This  is  due  to  two  oircumstances,  namely,  the  inoreased  consumption 
in  the  country,  and  the  fact  that  the  ItaUan  works  are  not  able  to  further  increase  their 
production  of  caustic  soda  until  they  have  found  an  outlet  for  the  chloride  of  lime  which  is 
' produced  in  quantities  almost  2^  times  greater  than  the  soda. 

The  price  of  fused  caustic  soda  is  £10  to  £12  16^.  per  ton,  according  to  its  strength 
and  purity ;  solutions  of  38°  £^.  (32  per  cent,  of  NaOH)  are  sold  at  £4  to  £4  8«.  per  ton,^ 

SODIUM  CHLORIDE :  NaCl  (Common  Salt) 

This  salt  is  the  raw  material  for  the  preparation  of  almost  all  the  other 
artificial  sodium  salts.  It  is  widely  diffused  in  nature,  and  is  found  alundantly 
in  sea  water  (about  3  per  cent.),  from  which  it  is  extracted  industrially  in 
Prance,  Italy,  and  other  countries.  It  is  found  in  very  important  tertiary 
deposits  as  rock-salt,  and  abounds  in  Wielezka  in  Poland,  in  Austria,  Spain, 
England,  and  Roumania,  but  more  especially  at  Stassfurt,  where  there  are 
immense  deposits  which  extend  over  kilometres  of  surface  and  have  a 
thickness  at  certain  points  of  500,  900,  and  even  1500  metres.  It  is  also  found 
in  moderate  quantities  in  Sicily. 

We  have  discussed  the  manner  in  which  these  immense  deposits  were  formed, 
in  connection  with  Stassfurt  salts  (see  p.  424),  and  we  still  see  similar  deposits 
being  continuously  formed  to-day  in  the  regions  south  of  the  Dead  Sea,  which 
contains  up  to  8  per  cent,  of  NaCl  {see  Analysis,  p.  209). 

When  these  are  pure  it  is  obtained  directly  from  the  large  rock-salt  deposits 
by  the  ordinary  methods  of  mineral  mining,  that  is,  by  excavating  galleries 
and  carrying  the  salt  to  the  surface  in  blocks. 

If  the  rock-salt  deposits  are  at  a  great  depth  (1000  to  2000  metres)  or  if 
the  salt  is  impure,  that  is,  mixed  with  earth,  gypsum,  &c.,  the  sodium  chloride 
is  extracted  by  water,  by  drilling  wells  and  removing  the  saturated  solution, 
which  is  then  evaporated  in  order  to  recover  the  crystallised  salt. 

In  the  hot  countries  of  the  Mediterranean  basin,  salt  is  extracted  from  sea  water  which 
is  evaporated  by  means  of  the  sun's  heat,  in  a  series  of  flat  and  very  large  basins  excavated 
in  the  earth  and  communicating  with  one  another,  the  so-called  aaU-pans,  The  water 
enters  into  the  first  basins  at  high  tide,  and  in  these  the  less  soluble  impurities  and  suspended 
matter  (gypsum,  clay,  calcium  carbonate,  iron,  &c.)  are  deposited.     It  then  passes  into  the 

^  Analysis  of  sodium  hydroxide.  In  order  to  determine  the  commercial  value  of  a  coDsignmcnt  of  caustic 
boda  it  is  necessary  to  take  great  care  iii  the  selection  of  the  sample  by  removing  several  pieces  from  various  parts 
of  the  molten  block  immediately  after  the  vessel  containing  it  has  been  opened  and  the  block  broken  up.  The 
pieces,  amounting  altogether  to  at  least  a  kilo,  are  inmiediately  placed  in  a  dry  glass  vessel  closed  with  a  good 
stopper  of  glass  or  of  paraffln-coated  cork,  so  that  they  may  not  absorb  moisture  and  carbon  dioxide  from  the  air. 

The  larger  pieces  are  rapidly  broken  up' before  analysis  and  about  20  grms.  are  placed  in  a  weighing-bottle  with 

a  ground-glass  stopper.    This  is  carefully  weighed  and  the  contents  are  poured  into  a  graduated  litre  flask  and 

the  caustic  soda  dissolved  in  freslily  boiled  distilled  water,  the  weighing-botUe  being  rewcighed  ;  from  this  solution 

various  portions  are  token  for  the  determination  of  impurities  (sulphates,  chloride,  dc^)  and  of  the  strength  in 

sodium  hydroxide  and  sodium  carbonate,  exactly  as  is  indicated  below  for  the  analysis  of  sodium  carbonate ; 

N 
thus  20  c.c.  of  the  solution  may  be  titrated  almost  at  the  boil  with  ~  hydrochloric  acid  in  presence  of 

itmus  us  an  indicator ;   1  c.c.  of  —  acid  corresponds  to  0*02  grm.  of  NaOU  or  0*0265  grm.  of  NatCOf 

This  first  result  gives  the  total  alkalinity  which  for  the  moment  may  be  calculated  into  Na,COa  *   ^0  c.c.  of  the 

solution  of  caustic  soda  are  then  treated  with  an  excess  of  barium  chloride  solution  (5  c.c.  of  10  per  cent,  solution) 

and  the  volume  made  up  to  100  c.c.  with  water ;  the  carbonate  which  is  always  present  in  more  or  less  amount 

in  caustic  soda  is  thus  precipitated  and  sodium  hydroxide  alone  remains  in  solution ;  50  c.c.  of  the  clear  solution 

N 
are  removed  and  titrated  with  --  acid  in  presence  of  methyl  orange  or  pheuolphthalein ;  by  calculating  this 

second  result  as  NaOH  we  have  the  contents  of  true  sodium  hydroxide.  By  calculating  this  into  sodium  carbonate 
and  subtracting  it  from  the  total  fdkalinity  found  by  the  preceding  test,  tlie  quantity  of  sodium  carbonate  contained 
in  the  sample  is  found. 

The  quantities  found  in  20  c.c.  of  solution  are  re-calculated  into  weights  per  100  gnus,  of  the  sample  under 
examination. 

The  strength  is  ordinarily  expressed  in  Enghsh  d^rocs,  that  is,  in  percentages  of  NssO  ;  the  German  degrees 
and  the  BescroiziUes  degrees  will  be  explained  below  in  connection  with  the  analysis  of  sodium  carbonate. 

The  water  is  determined  by  difference,  because  direct  determinations  by  heating  in  an  oven  arc  not  exact, 
and  it  is  more  accurate  to  determine  the  carbonate,  hydroxide,  iron,  alumina,  sulphates  and  chlorides,  the  rebt 
bring  water.  The  composition  of  a  commercial  caustic  soda  manufactured  by  the  flnin  of  Solvay  of  76*  to  77* 
strength  was  as  follows  :  NagO  -=  76-1  per  cent.  (-=  95-203  per  cent,  of  NaOU),  NujCOa  —  1-82  per  cent.,  AlaO,  + 
FcjO    ^  0-017  per  cent.,  Natl  »-  lua  per  cent.,  bO|Na,  '-  U-48  per  cent.,  water  0*5u  per  cent. 


COMMON    SALT  458 

HO-caU«d  concentrating  pans,  whont  it  is  partially  evaporated  up  to  25°  B^.,  and  separator 
pure  cryatolliRfd  salt.  The  remaining  solution  is  concentrated  in  HucceaHive  baains  where 
»  inisturc  of  aodiom  chloride  and  magnesiam  sulphate  h  deposited,  and  finally  from  the 
last  mother  liquors  a  further  mixture  of  pota.'i.imin  ehloride,  magnesium  chloride,  and 
varying  quantities  of  potassium  bromide  and  iodide  is  obtained.  These  Bait-pans  some- 
times occupy  a  surface  of  hundreds  of  acres.  TKp  salt  pans  of  Comacchio  in  Ferrara  pro- 
duced about  10,000  tons  of  salt  in  1909,  and  those  of  Ccrria  in  Ravenna  15,000  tons, 
those  of  Margberita  di  Savoia  45,000  tons,  and  those  of  Cometo  Tarquinia  from  3000  to 
5000  tons.  The  salt-pans  of  Sicily  yield  140,000  tons  and  more.  The  Sicilian  salt-pans 
yield  three  to  five  complete  crystallisations  per  annum,  and  produce  220,000  tons  in  all, 
without  including  20  rock-salt  mines. 

In  cold  countries  sea  wat«r  is  allowed  to  freeze  in  winter,  by  which  means  ice  almost 
free  from  salt  is  separated,  and  this  operation  is  repeated  until  a  concentrated  solution 
is  obtained  which  is  then  evaporated  over  direct  flame  in  largo  pans,  or,  as  in  Stassfurt, 
it  in  evaporated  in  Rek  triple-effect  vacuum  pans,  based  on  the  principle  of  Rillienx  and 
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of  Robert  (*«e  also  Sextuple- Effect  Apparatus,  p.  )43,  and  vol.  ii,  "  Organic  Chemistry," 
section  on  Sugar);  the  salt  solution  enters  the  first  boiler  (Fig.  189],  where  its  boiling- 
point  is  lowered  by  diminishing  the  pressure  by  means  of  a  pump,  and  on  then  heating 
by  a  bundle  of  tubes,  B,  in  which  steam  circulates,  which  proceeds  from  the  boiler  through 
the  tube,  E,  evaporation  takes  place;  the  steam  which  escapes  from  the  first  boiler.  A, 
has  a  temperature  below  100°,  and,  passing  through  the  tube,  F,  it  heats  the  solution 
contained  in  the  second  boiler,  A',  where  the  pressure  is  still  less  than  in  A,  and  thus  this 
liquid  boils  at  a  still  lower  temperature ;  the  vapours  which  escape  from  F'  and  which 
have  again  a  still  lower  temperature  serve  to  boil  the  salt  solution  in  the  third  boiler, 
A",  in  which  a  still  higher  vacuum  is  produced  by  the  pump  and  by  condensing  the  vapours 
&om  F"  by  means  of  a  jet  of  wafer.  The  solution  enters  the  boilers  through  the  tube, 
G,  and  as  the  salt  gradually  crystallises  it  passes  info  vessels,  D,  which  are  provided  with  a 
perforated  false  bottom  which  retains  the  salt  whilst  the  mother  liquor  returns  to  the  boiler 
through  the  tube,  H.  Every  two  or  three  hours  the  salt  is  discharged  from  the  chamber,  D, 
A  small  Pick  apparatus  produces  one  ton  of  salt  per  twenty-four  hours.  It  must,  however, 
be  noted  that  in  these  and  other  forms  of  apparatus  for  concentrating  saline  solutions, 
serious  trouble  is  caused  by  the  incrustations  of  calcium  sulphate  produced  by  the  gypsum 
dissolved  in  the  salt  water.  In  1808  Vis  patented  a  process  for  avoiding  this  difficulty  by 
effecting  separation  of  the  gypsum  from  the  brine  by  the  addition  of  CaClj  or  NatS04, 
that  is,  of  two  very  soluble  salt^  which  cause  a  oonoentration  of  Oa  or  SO^  ions,  and  therefore 
separation  of  the  ooldnm  sulphate  (pp.  99  and  432). 
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In  ccrtAin  parts  of  Germany  saline  Rolutions  are  concentroted  by  so-called  gradfttion. 
which  consistB  in  repeatedly  pumping  the  salt  water  to  tho  top  of  a  framework  10  metres 
or  more  high  (Fig.  190),  filled  wth  bundles  of  thin  twigs.  The  solution  falls  from  the 
(op  in  a  finely  divided  shower,  passing  over  a  largo  evaporating  surfaec  formed 
by  the  wooden  twigs.  Evaporation  in  helped  by  the  stin  and  wind,  but  much  salt 
(20  to  30  per  cent.)  is  lost  by  pafwing  away  into  the  air.  ^Vhen  the  liquid  has  scquin-d 
u  certain  concentration  it  is  finally  ovaporaled  in  boilers  or  preferably  in  Pick  vacuum  pan». 
In  1895  Hirsel  proposed  the  E«parat*on  of  salt  from  concentrated  solutions  by  cooling 
them  to  -  10°  or  -  20",  so  causing  almost  complete  crj-stallisation  of  the  salt,  as 
NaCl,2HE0,  which  is  then  dehydrated. 

PROPERTIES.     Sodium  chloride  crystallises    in    transparent    cubes   of 
sp.  gr.  2-13,  which  Bometimes  fonn  hollow  quadratic  pyramids  formed  of  little 
steps.     Its  solubility  is  almost  the  same  in  hot  or  cold  water ;  thus  at  ordinart- 
temperatures  26  per  cent,  are  dissolved,  and  28  per  cent,  at  100°.     The  satu- 
rated solution  separates  large  monoclinic  tablets  of  NaCl  +  SHjO  at   —  10", 
which  lose  water  at  0°,  and  are  then   transformed  into  cubes.    The  degrees 
B^.  indicated  by  hydrometers  immersed  in  salt  solutions  also  indicate  the  per- 
centage of   salt  directly.     It  melts  at 
815°,  boils  at  1750°,  and  evaporates  at 
a  white  heat.     On  heating,  salt  decrepi- 
tates, because    the    interstitial   water 
inclosed  by  the  small  crystals  evapo- 
rates. 

Cooking  salt  contains  from  2  per 
cent,  to  5  per  cent,  of  moisture  and 
also  sometimes  0-5  per  cent,  of  mag- 
nesium chloride,  magnesium  sulphate, 
and  calcium  sulphate  ;  the  mi^nesium 
chloride  renders  cooking  salt  deli- 
quescent. 

From  the  consumption  of  salt   in 
various  countries  the  degree  of  indus- 
trial development   and  of  civilisation 
of  the  inhabitants   may  be  deduced  ; 
pi^  jg^  thus  the  more  civilised  nations  have 

greatly  reduced  or  abolished  the  State 
monopoly  of  this  product,  which  is  a  prime  necessity  for  the  people. 

The  Table  on  the  opposite  page  shows  tho  production  and  consumption  of  salt  in  various 
countries,  the  difference  between  tho  consumption  and  production  being  due  to  the  increase 
of  industries,  to  exportation  or  to  importation.  A  further  column  shows  the  mean  annual 
consumption  per  inhabitant,  including  the  salt  used  for  both  industrial  and  alimentary 
purposes.     Tho  figures  refer  to  1896. 

These  figures  are  di (concerting  from  the  Italian  point  ot  view,  because  they  place 
Italy  almost  at  the  tail  of  civilised  nations,  salt  being  not  only  a  condiment  for  the  gourmet 
but  a  substance  which  is  indispensable  for  the  proper  assimilation  of  food,  because  it  is 
necessary  for  the  production  of  the  hydrochloric  acid  of  the  gastric  juice  i  each  healthy 
individual  therefore  requires  at  least  8  kilos  of  salt  per  annum  merely  lor  the  performance 
of  normal  physiological  functions. 

It  must  also  be  remembered  that  the  pre-eminently  carnivorous  populations  of  England, 
Belgium,  and  France  already  obtain  a  portion  of  the  salt  which  they  require  in  the  meat 
which  they  oat,  whilst  the  Italians,  and  especially  the  inhabitants  of  the  open  country, 
are  mainly  vegetarians,  and  therefore  require  larger  quantities  of  salt  than  the  inhabitanU; 
of  other  coimtries.  And  since  the  exact  opposite  is  the  case,  that  which  could  reaeonably 
be  expected  happens,  and  explains  the  sad  pre-eminence  of  Italy  in  those  who  sufTei  from 
peHagra. 

In  Italy,  rook-salt,  which  costs  less  than  9a.  per  ton  at  the  tnine,  actually  costs  £1  4«. 
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Annual  consumpt 

ion  per 

inhabitant  in  kilos 

Total 

production 

in  tons 

Total 

consumption 

in  tons 

Sale  price 

of  edible 

salt  per 

kilo 

Total 

For 
industrial 

For 
alimen- 
tary 
1  purposes 

purposes 

1896 

1896 

1896 

1896 

1896 

Fcoce 

England  and  Ireland  . 

2,146,850 

1,656,500 

43-7 

31-2 

12-5 

106 

Belgium 

100,000 

202,700 

340 

— 

— 

United      States      of 

America 

1,261,600 

1,497,700 

23-8 

8-8 

150 

1 

France 

842,500 

809,600 

21-5 

16-3 

6-2 

2-40 

Germany  . 

1,049,640 

871,140 

17-6 

9-9 

7-7 

2-40 

Switzerland 

40,000 

48,000 

16-4 

1-92 

Russia 

1,392,000 

1,392,000 

12-3 

40 

8-3 

0-96 

Austria-Hungar\ 

467,240 

478,600 

11-5 

3-7 

7-8 

Italy 

451,800 

192,412 

71 

0-7 

6-4 

3-84 

Spain 

320,900 

158,100 

90 

211 

China 

1,648,000 

.  1,800,000 

50 

Total  for  the  who 

leeart 

;h 

13,241,800 

13,241,800 

8-9 

for  certain  industries,  £4  16^.  for  agricultural  use,  and  £16  (or  £28  if  refined)  for  human 
consumption,  on  accoimt  of  the  Government  tax.^ 

In  1904  Germany  produced  1,080,000  tons  of  rock-salt  valued  at  £250,000  and  621,800 
tons  of  sea-salt  of  the  value  of  £760,000.  In  1908  Germany  produced  1,332,000  tons  of 
rock-salt  valued  at  £280,000  and  665,600  tons  of  cooking  salt  of  the  value  of  £880,000 
obtained  from  solutions  or  saline  springs. 2  France  possesses  rock-salt  deposits  10  to  70 
metres  thick,  which  occupy  an  area  of  400  sq.  kilometres.  In  1908  France  produced 
143,000  tons  of  rock-salt  and  593,000  tons  of  salt  from  saline  springs.  In  1904  Spain 
exported  350,000  tons  of  salt  at  58.  5d,  per  ton,  of  which  300,000  tons  were  sea-salt,  three- 
quarters  of  which  were  produced  at  Cadiz.  • 

A  very  large  quantity  of  salt  is  consumed  industrially  and  for  agricultural  purposes 
(cattle  salt). 

APPLICATIONS.  Salt  is  used  for  many  industrial  purposes  ;  for  the 
manufacture  of  sodium  carbonate  and  hydroxide,  dyestuffs,  soaps,  glassware, 
chlorates,  hypochlorites,  coal-tar  dyestuffs,  &c.  In  certain  cases  the  Govern- 
ment assist  the  consumption  by  diminishing  the  price  after  denaturation  of  the 
salt  in  such  a  manner  that  it  cannot  be  used  for  human  consumption  (this,  of 
course,  does  not  apply  to  England).  According  to  the  various  industrial 
purposes  to  which  it  is  applied  various   denaturating  substances  are  added 

^  The  total  production  of  salt  tnltaly  in  1871  was  267,000  tonsand  458,497  tons  in  1902,  of  which  only  35,000  tons 
were  rock-salt ;  in  1908  473,857  tons  of  sea-salt  were  produced,  and  in  1907  18,638  tons  of  salt  from  the  springs 
at  Voltcrra  and  600  tons  from  Salsomaggiore  ;  whilst  in  Sicily  31,540  tons  of  rock-salt  were  mined  in  1907  of 
the  value  of  £21,120,  and  27,100  tons  in  1908.  The  total  exports  of  salt  from  Italy  in  1908  were  85,500  tons, 
and  the  imports  were  26,100  tons  ;  in  1902  Sicily  and  Sardinia  exported  145,000  tons  at  a  price  of  6«.  per  ton. 

The  industrial  consumption  in  Italy  in  1904  has  been  estimated  at  16,514  tons  in  the  allcali  industry  and  for 
the  smelting  of  metals  (produced  in  Sicily  and  denaturated  and  thus  freed  from  tax,  so  that  it  costs  about  £1 
pet  ton),  6114  tons  denaturated  for  various  industries  at  £4  16».  per  ton,  7708  tons  for  agricultural  use  at  £4  16». 
per  ton,  3631  tons  for  cold  storage  at  £8  per  ton,  470  tons  for  salting  fish  at  £6  p(  r  ton,  and  about  5000  tons  de- 
naturated for  the  soap  indastry  at  £4  16«.  per  ton.  The  price  of  edible  salt  in  Italy  in  1848  was  3d.  per  kilo,  after 
1869  it  was  Sid.,  after  1884  3^.,  and  since  1894  4d. 

*  In  Germany  956,436  tons  of  industrial  salt  were  consumed  in  1908,  of  which  800,000  tons  were  rock-salt,  and 
16,000,000  hectolitres  of  brine  (680,000  gals.)  were  used  in  various  industries.  Tlie  solid  industrial  salt  was  used 
for  the  following  purposes :  115,418  tons  for  cattle ;  530,000  tons  for  the  production  of  soda  and  Glauber  m^. 
(sodium  sulphate) ;  123,650  tons  in  the  manufacture  of  dyestuffs  and  chemical  products  ;  14,720  tons  in  soap 
workB  and  in  the  refining  of  oil ;  14,200  tons  in  tanneries  ;  45,200  tons  for  salting  fresh  hides  ;  22,100  tons  for 
metaUoigical  pnrpofles ;  9100  tons  in  the  manufacture  of  earthen^vare ;  76  tons  in  glassworkn ;  1830  ton«i  in 
paper  mflto ;  4687  tons  in  wool-combhig  and  In  textile  factories ;  11,000  tons  for  ice  manufacture  and  cold  storage 
^110  toDi  (or  the  removal  of  ice  from  tramways  daring  frost. 
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(abroad),  such  as  colouring  matters,  sodium  disulphate,  iron  oxide,  coal,  p>etro- 
leum,  evil-smelling  substances,  &c. 

SODIUM  BROMIDE  and  IODIDE  :  NaBr  and  Nal.  The  former  melte  at  76rr 
and  the  latter  at  690°.  The  bromide  is  slightly  soluble  in  alcohol,  the  iodide  very  soluble. 
At  temperatures  below  30°  they  both  crystallise  ^ith  2H2O.  They  are  used  in  medicinf 
and  have  a  similar  action  to  the  potassium  salts. 

SODIUM  CHLORATE  :  NaClOg,  which  is  now  obtained  electrolytically,  and  sodiuir 
perchlorate,  NaC104,  are  more  soluble  in  water  than  the  corresponding  potassium  salts, 
and  may  be  economically  substituted  for  them  for  certain  industrial  purposes.  T}.<' 
methods  of  preparation  are  similar  to  those  of  the  corresponding  potassium  salts  {which  see). 
In  1908  Italy  produced  220  tons  at  £32  to  £36  per  ton  at  Bussi  (Society  elettrochimica  of 
Rome),  by  electrolysing  sodium  chloride  in  the  preparation  of  NaOH  and  CI  from  hot 
solutions  of  NaCl. 

SODIUM  lODATE  :  NalOg,  which  also  exists  with  3H2O.  This  compound  is  found  in 
Chili  saltpetre,  from  which  it  is  now  removed  because  it  appears  to  be  harmful  to  vegetation 
when  the  nitrate  is  used  as  a  manm-e.     A  periodate,  NaI04.3H20,  and  superiodatc, 

/(0Na)2 
10 .  are  also  known  ;  they  have  no  practical  importance,  but  confirm  the  variable 

^(OH), 
valency  of  the  halogens. 

ALKALI  HYPOCHLORITES  (BLEACHING  SALTS) 

Hypochlorites  of  the  alkali  metals  are  formed,  together  with  the  chlorides, 
by  passing  CI  into  a  cold  solution  of  sodium  hydroxide,  but  it  should  be  observed 
that  excess  of  chlorine  must  not  be  added  because  hypochlorous  acid  is  then 
formed,  which  is  less  stable,  and  on  heating  chlorates  are  produced  : 

2NaOH  +  2C1  =  NaCl  +  Kfi  +  NaOCl. 

The  hypochlorites  have  a  sweetish,  disagreeable  smell ;  they  are  caustic  and 
already  decompose  under  the  influence  of  sunlight,  and  more  easily  on  heating, 
forming  oxygen,  chlorides,  and  chlorates,  as  is  shown  in  the  following  equations  : 

(1)  ScioNa  =  2NaCl  +  ClOgNa.  (2)  2C10Na  =  2NaCl  +  0^. 

In  preeence  of  an  excess  of  alkali  hydroxide,  the  hjrpochlorites  are  stable  even 
at  a  temperature  of  50°. 

The  hypochlorites  slowly  oxidise  and  destroy  organic  dyestuffs  ;  the  action 
is  much  more  rapid  and  energetic  if  hypochlorous  acid  is  liberated  by  means  of 
other  very  weak  acids,  such  as  carbon  dioxide.  If  an  excess  of  a  strong  acid 
is  employed  then  the  oxidising  hypochlorous  acid  is  not  liberated,  but  chlorine 
is  formed  instead,  as  was  stated  above  : 

NaOCl  +  2HC1  =  HgO  +  NaCl  +  Cl^. 

POTASSIUM  and  SODIUM  HYPOCHLORITES :  KOCl  and  NaOCl,  are 

employed  for  bleaching  vegetable  fibres  (cotton,  linen,  &c.),  under  the  name  of 
Eau  de  Javelle  for  the  former  and  Eau  de  Labarraque  for  the  latter.^  The  latter  is 
more  economical  and  is  also  prepared  by  the  double  decomposition  of  dissolved 
calcium  hypochlorite  and  sodium  carbonate  or  sulphate  ;  insoluble  calcium 
carbonate  or  sulphate  is  formed  and  sodium  hypochlorite  remains  in  solution. 
It  is  now  obtained  by  direct  electrolysis  in  the  cold  of  dilute  solutions  of  sodium 
chloride  without  employing  diaphragms,  allowing  the  products  of  the  electro- 
lysis (CI  +  NaOH)  to  mix,  so  that  dilute  solutions  of  sodium  hypochlorite  result 
directly  with  evolution  of  hydrogen :  NaCl  -j-HgO + electric  current  =  NaOCl +H2. 

*  After  Schoelo  had  discovcrpd  chlorine  In  1774  Berthelot  immediately  noted  the  bleftching  properties  of  this 
gas  and  tried  to  employ  it  practically  in  aqueous  solution.  In  1789  at  JaveUe,  near  Paris,  another  liquid  for  bleach- 
inj?  purporcs  was  prepared  by  passing  chlorine  into  a  solution  of  potassium  hydroxide.  In  1798  Tonnant,  in  England, 
obtained  a  liquid  for  bleaching  purposes  by  passing  chlorine  into  millc  of  lime.  In  1790  Tennant  further  found  that 
by  tho  action  of  citlorine  on  solid  calcium  hydroxide  a  solid  product  was  obtained  which  was  macb  more  tUble 
and  easier  to  transport*  The  indattrial  Importinoo  of  ohlorids  of  lime  or  bleaohing  powder  dates  from  that  tlms.  j 
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For  thin  purpoKO  varioun  small  tomiH  of  apparatus  arc  con«trupt(id  which  arc  adnptod 
tiir  tiio  uai-  of  individual  biciwhing  workn.  Tin-  first  plant  wan  the  Hormito  plant  (1883). 
Mith  cathodes  formed  of  zinc  discs  alternating  with  anodes  of  platinum  gauze  and  a  bath  of 
magnesinm  chloride  and.  hydroxide.  This  had  many  drawbacks  and  was  gradually  replaced 
by  more  practical  forms  of  plant,  amongRt  which  the  best  is  that  which  has  been  devised 
of  recent  years  by  Kellner  and  is  illustrated  in  Pig.  191.  Alternate  positive  and  negative  . 
eleclrodeit  are  placed  parallel  to  one  another  in  an  earthenware  vessel,  a  b ;  they  consist 
of  a  series  of  ten  to  twenty  glass  plates  surrounded  by  iridio- platinum  wire.  The 
first  and  tost  electrodes  where  the  current  enters  and  escapes  are  entirely  constructed  of 
iridio -platinum  gauze.  By  moans  of  a  pump,  g,  the  solution  of  NaCI  is  forced  in  from  the 
vi'Ksel,  h,  through  the  apertures,  e  and/,  into  the  interspace  between  the  individual  plates 
of  the  electrodes  which  form  so  many  individual  baths,  and  on  passing  the  current  elec- 
trolytic dissociation  occurs  in  each  chamber  with  an  E  M  F  of  5  volts  ;  and,  therefore, 
if  there  are  10  chambers  in  the  battery  a  total  F  M  F  of  50  volti  will  he  required.  By  means 
of  the  pump,  g,  the  solution  is  ,j 

continually  ciroulat«d,  passing 
from  the  upper  receiver  to  the 
lower  through  a  tube  which  ia 

not  shown  in  the  figure.     In  i  ~ 

the  lower  vesBe]  a  ooil  is  placed 
through  which  cold  water  circu- 
lates in  order  to  prevent  the 
temperature  from  rising  above  "* 
20°  to  26°.  The  formation  of 
chlorate,  which  baa  no  bleach- 
ing action.is  thus  avoided.  In 
an  ordinary  apparatus,  using  a 
solution  of  110  kilos  of  salt  in 
1  cu.  metre  of  water,  a  current  of 
1 20  amps,  is  required.  Theelec- 
trodes  finally  become  covered 
with  a  little  gypsum  con- 
tained in  the  salt,  and  then 
increase  the  internal  resistance 
considerably  so  that  the  liquid 

becomes  heated.      This  trouble  Fio.  191. 

is  overcome    by  reversing  the 

direction  of  the  current  now  and  again  by  changing  the  poles  ;   the  deposit  then  passes 
into  solution. 

Another  form  of  apparatus  bioiight  out  by  Haas  and  Oettel  in  1900  gives  good  results. 
A  dilute  solution  (10  per  cent.)  of  sodium  chloridoisordinarily  employed,  because  a  solution 
of  hypochlorite  containing  1-3  grms.  of  chlorine  per  100  c.c.  is  sufficiently  strong,  as 
solutions  containing  only  0'2  per  cent,  of  active  chlorine  are  effective  for  bleaching  ; 
these  solutions  ate  more  stable  in  the  dork  than  when  exposed  to  the  light. 

Electrolytioally  produced  solutions  of  sodium  hypochlorite  are  more  active 
than  solutions  of  bleaching  powder,  even  for  equal  strengths  of  active  chlorine, 
because  a  portion  of  the  hypochlorous  acid  in  the  electrolj-tic  solutions  is  present 
in  the  free  state,  and  is  much  more  enei^etic  ;  on  electrolysing  solutions  of 
calcium  chloride,  CaClj,  solutions  containing  much  free  HOCl  are  also 
obtained.  In  order  to  determine  the  quantity  of  this  free  acid,  and,  therefore, 
the  quality  of  the  bleaching  liquid,  it  is  treated  with  carefully  neutralised 
hydrogen  peroxide  and  the  hydrochloric  acid  so  formed  is  titrated.  HCl  is 
formed  by  the  hj'pochlorous  acid  and  not  by  sodium  hypochlorite,  as  is 
seen  by  the  following  equations  : 

NaOCl  +  H,0,  =  NaCa  +  H,0  +  0,. 
HOCl  +  H,0^  =  HCl  +  H,0  +  0,. 
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Kellnpr  haa  also  constructed  apparntup  for  bleaching  teitilcB  continuoimly  and  dirpclly 
in  an  electrolytic  bath  (Fig.  192)  by  passing  the  fabric  .continaouBly  betwtM'n  altomatinB 
electrodca,  c  and  c',  supported  by  glass  rods.  Tho  fabric  passes  continuously  ovor  roller?, 
j^,  and  is  alternately  immersed  in  the  bath  and  withdrawn. 

A  plant  tor  electrical  bleaching  with  sodium  hypochlorite  comjBponding  to  a  bleaching 
works   which   uses  900  kiloB  of  bleaching  powder  per  twenty-four  hours  wouJd  require 
100  h.p.,  and  tho  daily  exponscB  would  be  about  £3  8«.  including  labour,  power,  amortisa- 
tion, interest,  and  one  ton  of  salt  at  £1  per  ton.     Tho  relative  advantage  compared  wifh 
f  f  the  use  of   bleaching    powder  variea   with 

the  price  of  the  latter,  but  it  is  necesean- 
ti>  remember  that  the  sodium  hypochlorite 
solution  is  more  effective. 

SODIUM  NHRATE:    NaNO, 

(CHILI  SALTPETRE) 
This  is  found  in  great  abundance  in 
that  part  of  Chili  which  is  adjacent  to 
Peru  {Province  of  Tarapaci),  and  in 
Bolivia,  mixed  with  soil  and  covered 
by  layere  of  clay,  gypsum,  and  sodium 
chloride  I  to  3  metres  in  depth.  The 
_jp  jg2  earthy    masa   from    which   it  is  ex- 

tracted is  called  caliche  ;  it  contains 
from  15  to  55  percent,  of  the  nitrate  and  ordinarily  40  percent,  over  a  distance 
of  200  to  300  kilometres,  and  of  a  thickness  of  1  to  ■')  metres.  The  caliche  also 
contains  as  impurities  sodium  perchlorate,  sodium  iodate  (up  to  \  per  cent.),  a 
little  potassium  nitrate,  and  much  sodium  chloride  (up  to  20  per  cent.). 

The  origin  of  these  important  deposits  must  be  sought  in  the  decompo- 
sition of  enormous  accumulations  of  nitrogenous  organic  matter  in  the  presence 
of  strong  bases  (lime,  magnesia,  soda,  &c.),  and  also  in  the  action  of  nitrifying 
bacteria  (p.  301).  The  organic  matter  must  have  been  of  vegetable  origin, 
because  in  these  nitrate  deposits  phosphates  are  never  found.  The  nitrate 
layers  remain  unaltered  in  these  regions  because  rain  is  very  rare  and  sometimes 
does  not  occur  for  two  or  three  successive  years. 

The  caliche  is  ground  and  lixiviated  with  hot  water  and  the  solution  is  then 
concentrated  in  large  iron  pans  heated  by  steam  coils  and  the  nitrate  crystallises 
on  cooling  in  numerous  vessels  exposed  to  the  open  air.  A  crude  commercial 
product  is  thus  obtained  for  fertilising  purposes,  &c.,  which  contains  95  per 
cent,  of  NaNOj  and  1  to  2  per  cent,  of  NaCl.  Sometimes  it  contains  up 
to  1  per  cent,  of  sodium  perchlorate,  which  is  injurious  to  vegetation.  The 
mother  liquors  are  utilised  for  the  preparation  of  iodine  (see  p.  153).  At  one 
time  only  caliche  containing  more  than  25  per  cent,  of  nitrate  was  treated. 
To-day,  with  improved  modem  plant,  a  15  per  cent,  raw  material  is  treated. 

In  order  to  remove  the  chlorate  which  it  sometimes  contains  from  the 
crude  Chili  nitrate,  tho  nitrate  is  dis,solved  in  the  cold  with  the  exact  quantity 
of  water  corresponding  to  its  solubility,  and  the  chlorate  thus  remains  undissolved 
because  it  is  less  soluble. 

We  have  already  recorded  on  p.  303  ei  seq.  the  processes  which  are  now  used 
for  the  utilisation  of  atmospheric  nitrogen  and  preparation  of  nitrogenous 
substances  capable  of  replacing  nitrate  for  agricultural  purposes. 

According  to  Fr.  Pat.  398,738  of  1909,  the  nitrites  which  are  always  formed 
in  the  process  of  electrolytic  fixation  of  nitrogen  may  be  completely  transformed 
into  nitrates  by  heating  them  to  about  300°  in  presence  of  NO,,  thus  : 

Ca(NO,)ji  4-  2N0g  =  Ca(N03)g  +  2N0, 
and  the  latter- regenerates  NOj  with  the  oxygen  of  the  air. 
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Sodium  nitrate  crystallises  in  rhombohedra  closely  resembling  cubes, 
loiice  the  name  of  cubic  nitre  in  contradistinction  to  prismatic  nitre,  under  which 
in  me  potassium  nitrate  is  known. 

It  melts  at  318°,  is  a  little  more  soluble  in  cold  water  than  potassium 
nitrate,  80  per  cent,  being  dissolved  b}^  water  at  0°,  90  per  cent,  at  20°,  111  per 
•<'nt.  at  50°,  168  per  cent,  at  100",  and  225  per  cent,  at  120''.  It  is  somewhat 
k  vgroscopic  and  cannot,  therefore,  be  used  in  gunpowder.  It  has  a  specific 
j^ravity  of  2*20  and  specific  heat  of  0-278. 

STATISTICS,     APPLICATIONS,     AND    PRICES.     In    1860   225,000   tons    wore 

-xportcd  from  Chili  V  in  1890  the  exports  were  1,000,000  tons;  in  1900,  1,453,000  tons, 

[>f  the  value  of  £13,000,000  ;   in  1904  the  Oiilian  exports  were  more  than  1,470,000,  out 

of  a  total  production  of  1,550,000  tons,  of  which  one-third  was  consumed  in  Germany, 

wliich  in  turn  used  one-fifth  of  the  product  for  industrial  purposes  and  foiu'-fifths  for 

aoriculture.     In  1908  the  Chilian  production  was  1,800,000  tons,  of  which  350,000  tons 

wore  used  in  the  United  States,  650,000  were  imported  by  Germany,  300,000  by  France, 

220,000  by  Belgium,  130,000  by  Holland,  145,000  by  England,  60,000*  by  Austria-Hungary, 

and  60,7tX)  by  Italy,  valued  at  about  £640,(XX),  and  about  8000  tons  by  Spain.     In  1890 

Italy  only  imported  8506  tons  and  in  1906  about  32,500  tons.     In  view  of  this  enormous 

consumption,  which  exceeded  2,000,000  tons  in  1909,  doubts  arose  as  to  whether  the  Chilian 

deposits  might  not  soon  be  exhausted  ;  various  inquiries  were  made  by  private  companies 

and  by  the  Chilian  Government,  which  resulted  in  artificially  discordant  figures,  covering 

more  or  less  dishonest  speculations,  and  whilst,  on  the  one  hand,  it  was  said  that  the  still 

unexploited  deposits  could  only  yield  a  maximum  of  100,000,000  tons  of  nitre,  so  that  they 

would  be  exhausted  in  thirty  to  forty  years,  on  the  other  hand  the  results  of  the  inquiry 

wliich  was  made  by  the  engineer  Bertrand  showed  that  up  to  June  1909  the  presence  of 

at  least  250,000,000  tons  of  nitrate  in  deposits  containing  more  than  15  per  cent,  had  been 

proved.     It  is  also  supposed  that  in  the  regions  which  have  not  yet  been  definitely  explored 

bv  the  commission  of  inquiry,  double  or  three  times  the  quantities  of  nitrate  exist,  so  that 

there  can  be  no  question  of  exhaustion  for  100  or  150  years,  even  supposing  that  the  annual 

consumption  reaches  4,000,000  tons.  We  may  add  that  nitrate  deposits  have  been  discovered 

in  Calif omia  containing  about  20,000,000  tons  of  sodium  nitrate  ;  and  other  very  important 

deposits  have  been  found  in  the  Argentine,  but  in  localities  which  are  not  easily  accessible. 

In  any  case  agricultxu'o  wiU  sooner  or  later  have  to  face  the  grave  problem  of  a  substitute 

for  Chili   saltpetre,  although  good  practical  results  have  already  been  obtained  in  the 

direction  of  the  utilisation  of  atmospheric  nitrogen  (see  p.  303  et  seq.). 

Sodium  nitrate  is  mainly  used  for  agricultural  purposes,  but  also  for  the  manufacture 
of  sulphuric  and  nitric  acids,  the  preparation  of  potassium  nitrate,  &  \ 

The  effects  produced  by  nitrate  in  agriciilture  are  truly  enormous,  especially  if  the  fer- 
tilisation is  completed  with  superphosphates  and  potassium  salts  ;  in  some  localities  the 
production  is  trebled.  It  is  spread  over  the  ground  a  little  at  a  time  to  the  amount  of 
100  to  130  kilos  per  hectare  in  all,  as  it  is  very  sohible  and  is  easily  carried  away  by  rain. 
The  plants  appear  to  assimilate  the  nitrate  when  it  has  been  transformed  into  calcium 
nitrate  in  the  soil  (Grandeau). 

Crude  nitrate  (95  per  cent.)  costs  £8  I65.  to  £10  I65.  per  ton  at  the  Port  of  Genoa  ;  when 
refined  by  recrystaUisation  and  powdered  it  costs  double  the  amount ;  and  chemically 
pure  nitrate,  three  times  the  amoimt.  When  it  is  refined  in  Chili  by  simple  clarification 
of  the  original  hot  solution  it  is  whiter  and  contains  96  per  cent,  of  nitrate  ;  this  quality 
is  used  industrially  and  only  costs  Hs.  to  16^.  more  per  ton  than  the  crude  product. 

The  price  of  nitrate  has  oscillated  somewhat  of  late  years  on  account  of  the  trust 
formed  by  the  producers,  and  of  the  export  tax  of  £2  11 5.  2d.  per  ton  levied  by  the  Chilian 
Government.  At  the  port  of  Dimkirk  nitrate  cost  £7  per  ton  in  1898  ;  £8  4«.  in  1901, 
£8  16*.  in  1903,  £10  in  1905,  £10  16;?.  in  1908,  £9  4s.  in  1909,  and  £8  Ss.  in  1910  ;  the  trust 
ceased  to  exist  in  August  1909.  The  freight  for  nitrate  from  diilifin  to  European  ports  in 
sailing  vessels  is  I2s.  per  ton,  which  is  less  than  the  frcM^rht  from  Genoa  to  Breccia. 

ANALYSIS  OF  NITRATE.  The  moistiu-e  is  determined  by  lieating  50  grms.  to 
130®  until  the  weight 'no  longer  decreases.  The  dry  product  is  dissolved  in  water, 
filtered,  the  filter  washed  and  d  iod  and  the  quantity  insoluble  in  water  deduced  from 
the  residue  romaining  on  the  filter.     The  solution  is  diluted  to  one  litre  and  the  cldorine 
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of  the  chlorides  determined  in  one  portion  by  titrating  it  with  a  normal  solution  of  Fl;r 
nitrate.     The  sulphates  are  precipitated  with  barium  chloride  and  the  separated  bariLaj 
sulphate  washed,  ignited,  and  weighed.     The  perchlorates  are  determined  in  10  grm^u  A 
nitrate  in  which  the  chlorides  have  already  been  determined.     The  sample  is  melted  ii 
covered  porcelain  crucible  with  soda  free  from  chlorine  ;  after  10  to  15  minut«s  no  furtl  ^ 
bubbles  of  gas  are  evolved,  and  the  mass  is  dissolved  in  nitric  acid  diluted,  and  the  ad_ 
tional  quantity  of  chlorine  formed  from  the  chlorates  then  determined  with  titz^ted  fiIt* 
nitrate  solution  ;  the  remaining  matter  is  considered  to  be  nitrate.     Commonly,  howert! 
the  strength  of  nitrate  is  determined  with  Lunge's  nitrometer,  of  which  we  give  an  i!>.  - 
tration  in  Fig.  193.    0*35  grm.  of  the  nitrate  is  weighed  and  placed  in  the  little  open  v\z 
at  the  top  of  the  Figure  to  the  left ;  the  tube.  A,  has  been  previously  filled  with  mercury   - 
suitably  raising  the  tube,  C,  which  is  also  filled  with  mercury,  and  allowing  the  air  • 
escape  from  A  by  means  of  the  cock,  O,     As  much  air  is  allowed  to  enter  B  as  correspon  ij 

to  100  c.c.  of  air  at  0°  and  760  mm.  under  the  conditkcH 
obtaining  at  the  time  ;  this  will  necessarily  be  more  th^q 
100  c.c,  and  is  foimd  from  tables.  By  this  means  ih.^ 
necessity  of  reducing  the  volumes  of  the  gas  to  0°  and 
760  mm.  afterwards  is  avoided.  The  nitrate  is  dissolvri^ 
in  a  very  small  quantity  of  water,  and  by  then  lowering  tb 
tube,  (7,  and  opening  the  cock,  O,  the  solution,  but  no  airj 
is  allowed  to  enter  ^  ;  3  to  4  c.c.  of  strong  sulphuric  aci J 
are  poured  in  small  portions  into  the  small  cup  uid  allowed 
to  enter  A  each  time.  The  nitrate  solution,  acid,  ard 
mercury  are  then  shaken  strongly  together,  causing  tbrj 
nitrogen  in  the  nitrate  in  the  presence  of  concentraif^ 
sulphuric  acid  and  mercury  to  be  evolved  in  the  form  o5 
NO  gas.  In  order  to  read  the  volume  of  gas  so  formed 
the  tube,  C,  is  raised  until  the  mercury  in  B  reaches  lb? 
100  c.c.  mark.  B  and  C  are  then  lowered  simultaneouslj. 
until  the  mercury  in  B  at  the  100  c.c.  mark  is  at  thfi 
same  level  as  the  mercury  in  A,  which  contains  the  NO.I 
and  the  volume  which  these  occupy  is  read  off,  as  it  L^ 
now  corrected  to  0°  and  760  mm.  Each  cubic  centimotrp 
of  NO  corresponds  to  0-003789  grnu  of  NaNO,.  In  tW 
Figure  a  small  bottle  is  also  seen  at  the  left-hand  top 
comer  which  is  connected  with  the  nitrometer  and  is  used 
when  it  is  necessary  to  evolve  gas  outside  the  instrument, 
for  example,  in  theanalysis  of  H2O2  which  evolves  » 
definite  volume  of  oxygen  in  contact  with  Mn02l 

SODIUM  NITRITE :  NaNOg.  This  compound  is  obtained  by  melting 
sodium  nitrate  in  iron  pans  and  adding  portions  of  lead  a  little  at  a  time,  keeping 
the  temperature  between  460°  and  500°,  as  otherwise  the  iron  pan  is  destroyed. 
The  molten  lead  should  all  be  transformed  into  oxide.  The  fused  mass  i> 
poured  into  water,  neutralised  with  dilute  sulphuric  acid  or  nitric  acid,  as  a  little 
NaOH,  &c.,  is  formed,  and  the  lead  separates  in  the  form  of  oxide.  The  aqueous 
solution  of  the  nitrite  is  concentrated  in  open  pans  to  40°  B6.,  and  is  then  poured 
into  vessels  in  which  it  crystallises.  In  this  way  it  is  possible  to  transform 
as  much  as  93  per  cent,  of  the  nitrate  into  nitrite  which  is  obtained  fairly  pure 
(up  to  98  per  cent.)  by  a  further  crystallisation. 

A  better  yield  is  now  obtained  by  mixing  a  concentrated  solution  of  sodium 
nitrate  with  quicklime  ;  the  solution  is  heated  until  it  is  saturated  and  a  current 
of  SO2  free  from  air  is  then  passed  through  : 

NaNOg  +  CaO  +  SOg  =  SO^Ca  +  NaNOg. 

Dittrich,  on  the  other  hand  (Ger.  Pat.  212,203  of  1908),  reduces  nitrate 
by  mixing  it  to  a  paste  with  sawdust  (charcoal  and  graphite  produce  a  violent 
and  irregular  reaction) ;  it  is  then  melted  in  open  pans,  extracted  with  water, 
and  the  solution  concentrated  to  45°  B6.  and  allowed  to  crystallise. 
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A  molten  mixture  of  sodium  nitrate  and  sodium  hydroxide  has  also  been 
sod  and  heated  to  300°  to  400°,  anhydrous  sulphite  being  then  added  (see 
otassium  Nitrite). 

During  the  manufacture  of  synthetic  nitric  acid  by  the  electric  process 
>-  303)  nitrite  is  obtained,  and  at  Notodden  in  Norway  2700  tons  were  pro- 
ceed in  1904. 

Sodium  nitrite  crystallises  more  easily  than  potassium  nitrite  and  is  not 
^liquescent. 

Nitrites  may  be  distinguished  from  nitrates  by  adding  them  to  a  .hot 
>iicentrated  solution  of  sodium  hydrosulphite ;  nitrites  evolve  ammonia 
Ixilst  nitrates  remain  unaltered. 

Nitrates  may  be  determined  quantitatively,  even  in  presence  of  nitrites  and 
rganic  matter,  by  heating  the  mixture  with  a  solution  of  ammonium  chloride 
I  known  strength ;  the  whole  is  then  concentrated  down  to  a  few  cubic  centi- 
Letres,  taken  up  with  water  and  distilled  in  the  presence  of  magnesia,  the 
□dmonia  formed  from  the  residual  ammonium  chloride  which  is  not  decomposed 
y  the  nitrite  being  collected  in  titrated  sulphuric  acid.  The  loss  of  ammonia, 
ampared  with  that  originally  present  in  the  ammonium  chloride  which  was 
dded,  allows  the  quantity  of  nitrite  to  be  calculated  ;  nitrates  do  not 
&act. 

Sodium  nitrite  may  also  bo  determined  when  mixed  with  nitrates  by  the  method  of 
r.  M.  Fischer  and  Steinbach  (1910),  by  adding  methyl  alcohol  and  then  dropping  in  a  known 
olume  of  titrated  sulphuric  acid,  and  passing  a  ciurent  of  air  through  the  mixture  which 
a.rries  over  the  methyl  ether  of  nitrous  acid  which  is  instantaneously  and  quantitatively 
jrmed  and  boils  at  -  11°. 

Madema  and  Coffetti  (1908)  measure  the  quantity  of  nitrogen  dioxide  which  is  formed 
n  treating  the  mixture  with  potassium  forrocyanide  in  presence  of  acetic  acid  in  Lunge's 
itrometer  ;  this  is  formed  from  the  alkali  nitrite,  while  the  nitrates  remain  imchanged. 
Q  order  to  avoid  errors  in  reading  the  volume  of  gas,  due  to  the  vapour  tension  of  acetic 
old,  they  have  replaced  this  latter  by  a  concentrated  solution  of  citric  acid. 

The  strength  of  nitrites  in  general  is  determined  with  a  titrated  solution  of 
jotassium  permanganate  according  to  Lunge,  the  estimation  being  based  on 
.he  reaction  recorded  on  p.  336.  It  is  much  used  in  azo  dyestuff  works,  and 
n  dyeLag  for  the  diazotisation  of  various  coloure  on  the  fibre — cotton,  silk, 
fcc.  (see  vol.  ii,  "  Organic  Chemistry"). 

Commercial  sodium  nitrite  costs  about  £34  per  ton  ;  the  chemically  pure 
[used  product  in  sticks  costs  3*.  3d,  per  kilo. 

Germany  is  the  largest  consumer  of  sodium  nitrite,  on  account  of  the  great 
importance  of  its  aniline  dyestuff  factories,  and  has  to  supplement  its  own 
[>roduction  by  considerable  imports,  which  were  1617  tons  in  1908  and  2634  tons 
in  1909,  the  exports  being  754  tons. 

SODIUM  SULPHATE :   Na^SO, 

This  compound  is  found  ready  formed  in  large  saline  deposits  in  JSpain 
(Toledo),  at  Tiflis,  in  Siberia,  in  Sicily,  both  with  and  without  water  of  ciystalli- 
sation  and  in  many  mineral  waters.  It  is  found  crystallised  without  water 
in  the  form  of  themirdUe,  Na2S04,  and  with  water  as  mirabilite  or  Glauber 
salt,  NaaSO^.lOHgO.  It  is  found  at  Stassfurt  in  monoclinic  crystals  as  glau- 
berite,  Na2S04.CaS04.  There  are  important  Glauber  salt  deposits  in  Italy 
^.^'^^  ^ovince  of  Caltanisetta.  An  American  company  has  proposed  the 
utilisation  of  natural  sodium  sulphate  from  the  Caspian  Sea  by  the  manufacture 
of  sodium  carbonate  and  hydroxide  on  the  spot,  as  is  already  done  with  the 
Glauber  salt  deposits  in  Eastern  Siberia. 

It  is  also  obtained  from  the  mother  liquoi*s  of  &ea-salt,  which  contain 
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magnesium  sulphate  and  NaCl ;   this  solution  separates  sodium  sulphate  T>' 
double  decomposition  on  evaporation  and  cooling. 

At  Stassfurt  it  is  produced  in  a  regular  industrial  mamier  by  utilising  xh 
mother  liquors  from  the  treatment  of  camallite  or  kieserite,  which  still  coiitai: 
about  25  per  cent,  of  magnesium  sulphate  and  50  per  cent,  of  sodium  chlori(i»' 
These  solutions  are  evaporated  to  a  concentration  of  34°  B^.,  at  a  temperature  o 
33°  ;  they  are  then  allowed  to  crystallise  during  the  cold  winter  nights  in  larg* 
tanks  (28  metres  x  22  metres  x  21  cm.  deep) : 

MgSO^  +  2NaCl  =  NagSO^  +  MgCl^. 

The  cr^'stals  which  separate  contain  10  mols.  of  water.  On  startiiij 
directly  from  solutions  of  magnesium  sulphate,  instead  of  using  the  theoretic-a! 
proportions,  MgSO 4  and  2NaCl  (that  is,  about  100  to  100),  the  double  quantiiv 
of  NaCl  is  used,  namely,  100  kilos  of  MgS04  *^^  about  200  kilos  of  NaCl ;  in 
this  way  a  more  complete  separation  of  sodium  sulphate  is  obtained  although 
only  about  half  of  the  magnesium  sulphate  is  transformed  into  the  fc;odiuiii 
salt. 

The  greater  part  of  commercial  sodium  sulphate  is  produced  in  the  Leblaii« 
soda  works  or  hydrochloric  acid  works  by  heating  sodium  chloride  with  t^uJ- 
phuric  acid  in  furnaces  (see  p.  160).  It  is  also  obtained  by  the  Harg^eave^- 
Robinson  process  {see  p.  164). 

When  pure  sodium  sulphate  is  required  crude  sulphate  is  dissolved  in  boiling  wat^-r 
to  sat\iration  ;  the  acid  which  is  present  is  then  neutralised  with  milk  of  lime,  and  a  soluti<ji: 
of  chloride  of  Hme  is  added  with  vigorous  stirring  until  all  the  iron  is  precipitated.  TJa 
hot  solution  is  poured  into  lead-lined  wooden  vats.  Crystals  of  Na2S04 .  10  H2O,  contaiiiiii;: 
56  per  cent,  of  water  of  crj'stallisation,  are  thiis  obtained  in  largo  or  in  small  pure  crysta!.- 
according  to  whether  the  solution  has  been  cooled  slowly  and  quietly  or  ra'pidly  witJi 
stirring. 

The  anhydrous  sulphate  is  easily  obtained  by  Pechiney  s  method,  by  heating  tlu- 
crystallised  salt  to  40°  to  50°,  when  it  melts  in  itis  wat^^r  of  crystallisation  to  a  super- 
saturated solution,  and  then  adding  MgSO^  or  NaCl  or  a  mixture  of  these  two  saltti.     On 
stirring,  the  anhydrous  sulphate  then  separates  because  the  concentration  of  the  SO^" 
anions  or  Na*  cations  has  been  increased  (aec  p.  99).     By  the  action  of  16  parts  of  XaCI  on 
100  parts  of  Glauber  salt  90  per  cent,  of  tlie  latter  is  separated  as  the  anhydrous  sulphate  : 
in  certain  cases  this  operation  is  carritHi  out  in  order  to  economise  cost  of  transport.     A 
partial  dehydration  may  also  be  obtained  by  letting  the  finely  crystallised  or  powdcri"<l 
Glauber  salt  stand  in  the  air  for  some  time,  stirring  it  up  repeatedly.     The  phenomonim 
of  efflorescence  then  allows  the  auliydrous  salt  to  be  obtained  because  the  tension  of  the 
water  vapoiu*  of  the  crystallised  salt  is  larger  than  the  mean  vapour  tension  of  tho  moistuie 
in  the  air  and  thus  the;  water  of  crystallisation  evaporates  ;   anhydrous  sulphate  obl«iiuttl 
in  this  way  is  lighter  and  very  voluminous.     This  very  economical  process  can  be  carried 
out  with  advantage  in  hot  climates  such  as   that  of  Sicily,  so   that   the   sulphate   may 
become  Hghter  and  may  be  carried  a  long  distance  with  small  expense. 

Sodium  sulphate  crystallises  from  cold  aqueous  solutions  at  temperatures  below  3u* 
in  large  monocUnie,  colourless,  and  transparent  crystals,  Na2S04  +  IOH2O,  contaiuiuf; 
66  per  cent,  of  water,  which  become  covered  with  a  white  powder  of  anhydrous  sodium 
sulphato  by  efflorescence  in  the  air.  At  34°  this  Glauber  salt  melts  in  its  own  water  of 
crystalhsation  and  a  portion  of  the  anhydrous  sidphate  separates.  Tliis  molts  at  alwut 
886°.  The  varying  solubility  of  this  siilt  with  alteration  of  the  temperature,  which  acquires 
a  maximum  at  34°,  is  of  interest. 

100  i)arts  of  water  at    0°  dissolve    12  parts  of  NaaSO^  +  lOHjO 
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Since  the  solubility  diminishes  above  34*^  we  itiust  suppose  that  above  this  temperature 
tho  molecules  of  Na2S04  .lOHgO  are  decomposed  with  separation  of  the  anhydrous  sulphate, 
And  that  the  solubilities  above  34°  therefore  refer  to  anhydrous  sodium  sulphate,  Na2S04. 
This  phenomenon  has  not  yet,  however,  been  satisfactorily  explained  theoretically. 

The  fact  is  also  interesting  that  a  saturated  solution  of  sodium  sulphate  at  34°  may  be 
cooled  down  to  the  ordinary  temperature  without  the  smallest  trace  of  separation  of  the 
crystals,  even  on  shaking  the  solution  strongly,  in  spite  of  the  fact  that  its  solubility  at 
thAt  temperature  is  much  less.  The  solution  is,  therefore,  extraordinarily  supersaturated 
and.  in  a  metastable  condition. 

If,  however,  to  this  supersaturated  solution,  which  must  be  kept  in  flasks  which  are 
closed  with  a  stopper  or  with  a  plug  of  cotton-wool,  a  trace  of  atmospheric  dust  or  any  body 
wliich  has  been  in  contact  with  the  air,  such  as  a  glass  rod,  is  introduced,  the  solution 
immediately  becomes  solid  forming  a  compact  crystalline  mass  (labile  phase  of  the  super- 
saturated solution),  and  a'certain  quantity  of  heat  is  developed  because  in  general  substances 
in  the  liquid  state  or  in  splution  have  a  higher  latent  heat  than  when  in  the  solid  state. 
Crystals  of  Na2S04  +  6H2O  sometimes  separate  from  the  supersatiurated  solution  at  10°  ; 
they  easily  decompose  in  the  air,  forming  anhydrous  NagS04. 

APPLICATIONS.  The  greater  portion  of  the  sodium  sulphate  which  is 
produced  is  employed  in  the  manufacture  of  sodium  carbonate  by  the  Leblanc 
process.  It  is  used  in  the  manufacture  of  glass,  ultramarine,  and  also  to  a  con- 
siderable extent  in  dyeing  with  coal-tar  dyestuffs,  also  in  freezing  mixtures, 
and  in  order  to  transform  organic  calcium  salts  into  sodium  salts.  It  is  used 
in  medicine  and  for  animals  as  a  purgative. 

The  commercial  price  of  crystaUised  sodium  sulphate  containing  56  per  cent,  of  water 
of  crystaUisation  is  from  £1  I2s,  to  £2  per  ton. 

In  1905  Germany  produced  63,455  tons  and  exported  4847  tons  of  sodium  sulphate  at 
£1  10«.  per  ton  ;  in  1909  it  exported  9023  tons  and  imported  7453  tons  ;  in  1909  Russia 
produced  70,000  tons  ;  in  1893  Italy  produced  4900  tons  of  the  anhydrous  sulphate  and 
1000  tons  of  crystals  ;  in  1902  it  produced  5300  tons  of  the  anhydrous  sulphate  and  2820 
tons  of  crystals  (Glauber  salt) ;  the  former  was  used  for  glass-making,  the  latter  for  dyeing  ; 
in  1908  the  production  was  11,500  tons  of  anhydrous  sulphate  valued  at  £22,732,  and  6542 
tons  of  Glauber  salt  valued  at  £11,858  ;  in  1904  Italy  imported  9790  tons  of  anhydrous  sul- 
phate at  £1  12«.,  which  was  mainly  supphed  by  Marseilles  for  use  in  the  glassworks  of 
the  East  Italian  coast.  In  1908  the  imports  rose  to  17,836  tons,  of  which  four-fifths  were 
supplied  by  France  and  one-fifth  by  England. 

SODIUM  DISULPHATE  :  NaHS04  (Acid  Sodium  Sulphate,  Primary 
Sodium  Sulphate,  Sodium  Hydrogen  Sulphate,  Sodium  Disulphate).  This 
compound  is  formed  by  the  action  of  sulphuric  acid  on  NaCl  or  on  the 
neutral  sulphate  at  moderate  temperatures. 

It  is  formed  industrially  during  the  fii-st  phase  of  the  decomposition  of 
NaCl  by  H2SO4  in  the  manufacture  of  HCl,  but  it  is  more  especially  obtained 
ill  the  manufacture  of  nitric  acid  (p.  339)  from  sodium  nitrate  and  sulphuric 
acid,  but  always  retains  a  little  sulphuric  acid  : 

NOaNa  +  H2SO4  =  NO3H  +  SO^HNa. 

It  crystallises  from  aqueous  solutions  at  the  ordinary  temperature  with 
one  molecule  of  H2O.  Its  chemical  behaviour  is  analogous  to  that  of  potassium 
disulphate.  Its  solution  has  a  strongly  acid  reaction  because  the  SO4H' 
anion  is  dissociated  in  turn  into  SO 4"  and  H". 

It  is  used  as  an  acid  flux  at  high  temperatures  and  often  replaces  sulphuric 
acid  in  dyeing,  so  that  the  acid  action  of  the  dye-bath  may  take  effect  gradually, 
as  this  is  more  advantageous  in  certain  cases  in  order  to  obtain  uniform  shades 
on  wool. 

Nitric  acid  works  are  often  embarrassed  by  the  large  quantities  of  sodium 
disulphate  which  cannot  be  utilised,  in  spite  of  the  fact  that  every  100  kilos 
corresponds  to  60  kilos  of  sodium  sulphate  or  35  kilos  of  sulphuric  acid  ;   in 
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Germany  this  bisulphate  is  valued  at  lOa.  per  ton.  Certain  works  situated 
near  the  coast  get  rid  of  it  by  dropping  it  into  the  sea.  It  might,  however,  Ik' 
profitable  to  mix  it  with  the  required  quantity  of  sodium  chloride  and  heat 
it  in  the  usual  hydrochloric  acid  pans  or  in  cast-iron  cylinders  in  order  to  obtain 
sodium  sulphate  and  hydrochloric  acid.  It  is  sometimes  mixed  with  sand  and 
the  mixture  heated  in  furnaces  in  order  to  obtain  concentrated  sulphuric  acid 
and  sodium  sulphate  (see  also  Note,  p.  343). 

In  1908  Italy  produced  1600  tons  of  sodium  disulphate  of  the  value  of 
£2560. 

SODIUM  SULPHITE  :  NajSOs.  This  compound  is  prepared  as  follows  : 
A  measured  quantity  of  aqueous  sodium  hydroxide  solution  is  saturated  with 
SO2  and  acid  sodium  sulphite  is  thus  formed.  A  quantity  of  sodium  hydroxide 
solution  equal  to  that  already  taken  is  then  added,  which  transforms  the 
disulphite  into  neutral  sulphite,  NajSOg,  which  crystallises  out  on  cooling  as 
NajSOa  +  VHaO.  Instead  of  the  sodium  hydroxide  solution  sodium  car- 
bonate solution  may  be  employed.  In  this  case  dicarbonate  is  first  formed 
which  then  evolves  COg. 

Sodium  sulphite  is  a  reducing  agent,  as  it  easily  abstracts  oxygen  from  other  substances 

forming  sodium  sulphate.  The  presence  of 
traces  of  certain  substances  (negative  cata- 
lysts, p.  68)  sometimes  suffices,  however,  to 
prevent  the  oxidation  of  the  sulphite?  ; 
traces  of  mannite  act  in  this  way. 

On  a  large  scale  the  process  of  Basse  and 
Faure  is  used.  Large  crystals  of  sodium 
carbonate,  Na2CX)3  +  IOH2O,  are  placed  in  a 
lead -lined  wooden  vat  with  a  perforated  false 
bottom.  The  current  of  SO2  is  introductxl 
below  and  transforms  the  sodium  carbonate 
into  sodium  disulphite  which  dissolves  in 
the  water  of  crystallisation  of  the  soda  and 
collects  at  the  bottom  of  the  vat.  At  the 
top  of  the  vat  carbon  dioxide  alone  escapes. 
The  solution  of  the  disulphite  obtained  hsLS 
a  density  of  34°  B6. ;  it  is  saturated  with 
the  necessary  quantity  of  crystallised  soda, 
concentrated  in  shallow  iron  or  leaden  pans  up  to  40°  B6.,  and  then  allowed  to  crystaUise 
n  cast-iron  vats. 

APPLICATIONS.  Sodium  sulphite  is  used  industrially  as  an  antidUor  instead  of 
thiosulphates  which  were  once  used  in  order  to  eliminate  chlorine  from  paper  or  cotton 
which  had  been  bleached  with  chlorine,  because  chlorine  jdelds  oxygen  with  water  and  this 
transforms  the  sulphite  into  sulphate.  It  is  used  as  a  weak  bleaching  agent  for  dchcate 
fibres,  such  as  silk  and  wool.  It  is  also  added  to  sugar  juices  which  are  to  be  concentrated 
in  open  pans  in  order  to  prevent  the  sugar  from  turning  brown.  Solutions  of  sulphite 
and  thiosulphate  dissolve  silver  salt-s  and  are  therefore  used  in  photography.  Sulphites 
may  be  detected  in  presence  of  sulphates  and  thiosulphates  by  precipitating  the  three 
products  with  lead  nitrate  from  5  c.c.  of  a  1  per  cent,  solution  ;  5  to  6  c.c.  of  a  12  per  cent, 
solution  of  sodium  thiosulphate  are  then  added  with  stirring,  and  the  whole  is  filtered. 
Lead  sulphite,  PbSOa,  alone  remains  on  the  filter  and  is  well  washed  and  the  residue 
treated  on  the  filter  with  dilute  sulphuric  acid,  which  forms  SO^  recognisable  by  its  smell, 
and  the  acid  filtrate  decolorises  potassium  permanganate  solution.  Crystallised  commercial 
sodium  sulphite,  in  trucks,  costs  £8  per  ton,  and  the  purer  commercial  powder  £10  per  ton. 
Italy  produced  1028  tons  of  sodium  sulphite  in  1907  and  470  tons  in  1908,  valued  ai 
£4206  ;  it  imported  158-4  tons  of  sulphites,  disulphites,  and  thiosulphates  in  1908,  valued 
at  £3168.     In  1908  Germany  exported  2387  tons  of  sulphite  and  3047  tons  in  1909. 

SODIUM  DISULPHITE  :   NaHSOg.     This  compound  is  obtained  by  the 
method  described  above  and  is  used  as  a  very  energetic  antichlor  for  vegetable 
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textile  fibres,  in  paper  manufacture,  &c.,  when  a  chlorine  bleach  has  been 
applied. 

It  is  used  in  dyestuf!  factories,  as  an  energetic  bleaching  agent  for  wool 
and  silk,  and  also  in  tanneries  and  for  preserving  wine,  beer,  &c. 

Concentrated  solutions  of  sodium  disulphite  at  38°  to  40°  Be.  cost  about 
£4  per  ton,  but  the  crude  crystalline  product  costs  £10  per  ton,  and  the  pure 
anhydrous  salt  three  times  that  amount. 

Italy  produced  182  tons  of  sodium  disulphite  in  1904  and  310  tons  in  1905 
of  the  value  of  £1064  ;  and  in  1908  809  tons  of  the  value  of  £2356. 

SODIUM  THIOSULPHATE  :  NaaSgOg  +  5Hfi,  This  compound  is  also 
incorrectly  called  sodium  hyposulphite.  It  is  obtained  in  large  quantities 
from  the  sulphurised  residues  which  are  obtained  in  the  manufacture  of  Leblanc 
soda.  These  residues  are  allowed  to  oxidise  in  the  air  and  then  form  calcium 
thiosulphate  which  is  soluble  in  water.  On  boiling  the  solution  with  sodium 
sulphate  insoluble  calcium  sulphate  is  deposited,  and  a  solution  of  sodium 
thiosulphate  remains,  which  can  be  concentrated. 

It  is  also  formed  by  boiling  an  aqueous  solution  of  sodium  sulphite  with 
sulphur :  SO^Na^  +  S  =  SgOgNag,  and  also  by  passing  a  current  of  air  at 
150°  into  a  solution  of  sodium  hydrosulphide  : 

2NaHS  +  2O2  =  HgO  +  Na^SgOj. 

It  is  very  soluble  in  water  (1  :  I  at  15°),  showing  a  feebly  alkaline  reaction. 
It  crystallises  with  5H2O  and  melts  at  56°  in  its  water  of  crystallisation  which 
it  loses  on  heating  to  100°  ;  at  higher  temperatures  it  is  decomposed  into 
Na2S04  and  NajS^. 

The  aqueous  solution  is  decomposed  by  acids  with  evolution  of  SO2  and 
separation  of  sulphur.  It  easily  forms  supersaturated  solutions,  which  crystal- 
lise instantaneously  with  evolution  of  heat  immediately  a  crystal  of  the  thio- 
sulphate is  added.  It  acts  as  a  strong  reducing  agent.  It  transforms  CI, 
Br,  and  I  into  the  respective  halides,  NaCl,  NaBr,  and  Nal,  and  is  therefore 
used  as  an  antichlpr  in  the  bleaching  of  cotton  and  paper,  because  it  eliminates 
the  last  traces  of  chlorine  remaining  in  the  fibre  after  bleaching.  With  iodine 
it  forms  sodium  tetrathionate, 

2Na2S203  +  I2  =  2INa  +  S^O^Na,, 

and  this  reaction  is  used  in  analytical  chemistry  for  the  quantitative  determi- 
nation of  iodine.  It  is  used  in  photography  as  a  fixing  agent  because  it  dissolves 
silver  salts  at  those  points  of  the  plate  which  have  not  been  influenced  by  light, 
forming  a  soluble  double  salt.     It  is  also  used  in  dyeing. 

In  order  to  detect  a  small  quantity  of  thiosulphate  even  in  presence  of 
sulphite,  for  instance,  in  foodstuffs,  the  mixture  is  heated  with  water  and 
excess  of  sodium  carbonate  ;  after  boiling  and  cooling,  a  few  drops  of  a  10  per 
cent,  solution  of  potassium  cyanide  are  added  and  the  whole  is  concentrated 
on  the  water-bath,  taken  up  with  water  and  alcohol,  acidified  with  HCl  and 
filtered.  To  the  filtrate  a  few  drops  of  ferric  chloride  are  added  ;  if  the  red 
coloration  of  the  sulphocyanide  is  produced  thiosulphates  were  certainly 
present,  because  these  form  potassium  sulphocyanide  with  KCN. 

NagSjOa  +  KCN  =  NagSOg  -h  KCNS. 

The  crystalline  commercial  product  costs  £6  8^.  to  £7  45.  per  ton  ;  the  less 
impure  product  costs  £8  per  ton,  and  when  chemically  pure  £20.  In  Italy 
10  tons  were  produced  in  1905  and  215  tons  in  1908  of  the  value  of  £1742. 

SODIUM    HYDROSULPHITE,  Na^jSjO^.      This  is  an  energetic   reducing 

agent  which  is  easily  oxidised  by  the  air  and  precipitates  various  metals  from 

their  solutions  (Ag,  Cu,  Hg,  &c.).     It  is  used  in  dyeing,  for  bleaching  textile 

fibres,  and  as  a  special  reducing  agent  in  indigo  vats  as  it  reduces  indigo  blue  to 
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indigo  white  ;  in  the  printing  of  fabrics  it  is  used  as  a  discharge  for  the  colours. 
It  is  also  used  for  bleaching  soaps,  oils,  sugar  syrups,  &c.  (see  vol.  ii,  section  on 
Cane  Sugar).  Freshly  prepared  solutions  have  the  greatest  reducing  power : 
after  an  hour  three-fourths  of  the  hydrosulphite  (which  has  a  neutral  reaction) 
is  transformed  into  sodium  disulphite  with  an  acid  reaction  : 

SgO^Naa  +  0  +  HgO  =  2NaHS03. 

The  hydrosulphites  are  used  to  distinguish  nitrates  from  nitrites  (p.  46 1 )  ; 
they  are  obtained  by  dissolving  zinc  in  solutions  of  sodium  disulphite  with  which 
it  does  not  evolve  hydrogen,  and  by  then  precipitating  the  dissolved  zinc  with 
milk  of  lime  or  soda  solution. 

It  is  also  formed  on  mixing  a  solution  of  a  disulphite  with  titanous  chloride  (T^Cl^). 
and  then  immediately  pouring  the  whole  into  a  solution  of  sodixun  hydroxide,  thus 
precipitating  titanium  hydroxide,  which  can  be  recovered. 

It  is  obtained  electrol3rtically  by  using  neutralised  disulphite  as  the  cathodic  liquid 
and  a  solution  of  sodiiun  chlorfde  as  the  anodic  liquid,  thus  avoiding  current  losses  due 
to  secondary  reactions. 

A  very  promising  new  process  which  leads  directly  to  dry  sodium  hydrosidphite  consists 
in  treating  metallic  sodium  with  liquid  or  gaseous  8O2  in  presence  of  petroleum  ether, 
from  which  it  is  easily  separated :  Na2  +  2SO2  =  Na2S204.  The  following  constitution 
is  now  attributed  to  sodium  hydrosulphite:  NaSOa.O.SONa  (Binz,  1909). 

In  order  to  separate  sodium  hydrosulphite  from  its  solutions  these  are  treated  with 

salts  (NaCl  or  CaG2  ^^  Mgd2>  &c.),  and  the  hydrosulphite  is  then  pressed  and  i^^ashed 

with  alcohol  in  order  to  eliminate  all  the  water,  and  jSnaUy  dried  in  a  vacuum  desiccator 

in  the  cold.    It  can  be  dried  and  rendered  stable  more  economicaUy  and  without  much 

OSS  by  placing  it  in  ovens  on  hollow  iron  plates  in  which  superheated  steam  circulates. 

Stable  compounds  of  hydrosulphites  have  been  successfully  prepsured  by  combining 
them  with  formaldehyde,  as  a  new  crystallised  stable  compound  separates  from  the  solution 
which  is  extremely  stable  and  very  useful  as  a  discharging  agent  in  various  operation  .s 
connected  with  the  printuig  of  textiles.  The  reducing  power  of  these  hydrosulphite 
formaldehyde  compounds  is  increased  by  the  addition  of  zinc  oxide  or  magnesium  carbonate, 
or  by  reducing  them  with  zinc,  &c. 

Hydrosulphites  are  also  rendered  more  stable  by  mixing  them  with  salts  of  weak  acids 
such  as  borates,  basic  phosphates,  &c.  {see  Ger.  Pats.  141,452,  162,875,  125,207,  129,801, 
148,125,  162,912,  171,363,  144,632,  133,040,  144,281,  213,586;  Er.  Pat.  341,718  and 
additions  and  Eng.  Pat.  20,580). 

Solid  sodium  hydrosulphite  now  costs  is,  per  kilo. 

About  twenty  various  hydrosulphite  preparations  for  use  in  dyeing  are  on  the  market 
containing  aldehydes,  zinc  compounds,  tin  compounds,  &c.  (rongalUe,  hlanchiie,  hyrcUdite, 
decroline,  &c.). 

SODIUM  PERSULPHATE  :  Na^SsOg.  This  is  prepared,  as  has  been  described  in  the 
section  on  Persulphuric  Acid  (p.  286),  by  electrolysing  a  solution  of  sodium  sulphate  in 
H2SO4  (Ger.  Pat.  81,404)  and  gradually  adding  solid  sodium  csurbonate  to  the  cooled 
anodic  chamber  in  order  to  neutralise  the  persulphuric  acid  that  is  formed. 

POTASSIUM  PERSULPHATE  is  also  known,  and  is  obtained  by  electrolysing  a 
saturated  solution  of  potassium  disulphate. 

But  AMMONIUM  PERSULPHATE,  {NH4)2S208,  is  of  more  importance,  and  is  formed 
by  electrolysing  a  saturated  solution  of  ammonium  sulphate  at  7^,  when  it  separates  as  a 
solid.  In  general  the  current  density  per  unit  surface  of  the  electrodes  should  be  rather 
high.  According  to  the  patents  (Ger.  Pats.  155,805,  170,311,  and  173,977)  good  results 
are  obtained  by  the  electrolysis  of  sulphates  even  without  diaphragms,  by  adding  small 
quantities  of  fluorides.  Ammonium  persulphate  dissolves  in  twice  its  own  weight  of 
water.  When  dissolved  in  sulphuric  acid  it  forms  Carols  reagemt  {see  p.  286).  Pure 
crystallised  ammonium  persulphate  costs  about  2s»  10(2.  per  kilo. 

Another  patent  on  the  preparation  of  persulphates  is  Ger.  Pat.  205,069. 

SODIUM  SULPHIDE  :  Na^S,  and  SODIUM  HYDROSULPHIDE  :  NaSH. 

\     These  compounds  are  similar  to  the  potassium  compounds  and  are  used  in 

place  of  them  as  they  are  cheaper.    Sodium  sulphide  is  used»  for  instance. 
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in  dyeing  cotton  with  sulphide  dyestuffs,  in  the  manufacture  of  dyestuffs, 
for  tanning  hides,  for  denitrating  artificial  silk  {see  vol.  ii,  "  Organic 
Chemistry"),  for  cleaning  cotton,  silk,  &c.,  and,  containing  much  dissolved 
sulphur,  as  an  insecticide,  especially  against  locusts. 

Sodium  sulphide  is  prepared  on  a  large  scale  by  heating  sodium  disulphate 
with  sodium  chloride  and  coal  to  above  950°  : 

NaHS04  -h  NaCl  +  2C  =  Na^S  +  HCl  +  2CO2. 

The  disulphate,  which  is  an  almost  valueless  by-product  in  the  manufacture  of 
nitric  acid,  can  thus  be  utilised. 

The  pure  sulphide  is  prepared  from  the  aqueous  solution  in  octahedra  : 
NajS  +  QHjO.  It  is  also  sold  in  the  fused  anhydrous  condition  as  in  this 
form  it  costs  less  to  transport  and  also  keeps  better.  The  aqueous  solution 
has  a  strongly  alkaline  reaction  (p.  239).  The  crystallised  sulphide  for  indus- 
trial use  costs  £8  per  ton,  the  anhydrous  product  £12,  and  the  fused  product 
often  costs  £26.  Germany  exported  6600  tons  of  sodium  sulphide  in  1905 
at  £6  I65.  per  ton  ;  in  1908  it  exported  6536  tons,  and  in  1909  7600  tons. 

Italy  produced  140  tons  in  1905,  450  tons  in  1906,  486  tons  in  1907  and  also 
imi>orted  669-4  tons  of  the  fused  product  in  1907,  666-5  tons  in  1908,  and  1344 
tons  in  1909  of  the  value  of  £2151. 

Analysis  of  Sodium  Sulphide.    The  strength  is  determined  with  a  tenth  normal 

solution  of  iodine  after  first  acidifying  with  acetic  acid,  in  presence  of  starch  paste  (1  c.c. 

N 
of  Yq  iodine  corresponds  to  0'0039  grm.  of  Na2S). 

The  titration  may  also  be  carried  out  very  exactly,  even  in  presence  of  hydrosulphitea 
or  other  impurities,  by  first  acidifying  the  solution  of  NagS  slightly  with  acetic  acid  and 
then  titrating  it  with  a  titrated  solution  of  zinc  sulphate  ;  the  end  of  the  precipitation 
of  zinc  sulphide  is  found  by  spotting  it  on  to  paper  containing  cadmium  sulphate,  until 
this  no  longer  gives  a  yellow  spot. 

The  hydroatdphide  is  obtained  from  calcium  sulphide  from  Leblanc  soda 
residues,  by  treating  it  in  the  cold  with  sodium  disulphate  : 

CaS  +  NaHS04  =  CaS04  -h  NaSH. 

The  hydrosulphide  is  decomposed  on  boiling  in  the  following  manner  : 

2NaSH  =  Na^S  +  SH^. 

Various  polyatdphides,  NgSg,  NajSg,  NajS^,  and  NagSs,  are  also  known  ; 
the  last  is  obtained  by  adding  sodium  to  pure  sulphur. 

SODIUM  CARBONATE :   Na^COa  (SODA) 

This  is  certainly  the  most  important  of  the  salts  of  the  alkali  metals  from 
an  industrial  standpoint,  on  account  of  its  \*dde  application. 

It  is  found  in  nature  in  certain  rocks  and  is  dissolved  from  them  by  rain 
water,  which  carries  it  into  alkaline  mineral  springs  (Vichy,  Carlsbad,  &c.). 
Certain  supplies  of  such  water  collect  in  basins  forming  lakes  in  Egjrpt,  America, 
&c.,  which  by  slow  and  spontaneous  evaporation  deposit  a  salt  of  the  formula  : 
NajCOa.CGjHNa  +  3H2O,  which  is  called  Ur<w  in  Colombia  and  Tro-na  in 
Egypt.  From  the  lakes  of  California  and  especially  of  Inyo  County  large 
quantities  of  soda  are  obtained  by  simple  crystallisation.  The  natural Jsoda 
of  Lake  Magade  near  Kiu  in  Uganda  is  profitably  sold  in  China  and  Japan. 

Before  the  invention  of  the  Leblanc  process  soda  was  extracted  from  the 
ashes  of  marine  plants  (Chenopodium,  Salicomia,  Atriplex,  Salsola,  &c.)  ;  in 
Southern  France  and  Spain  such  plants  are  still  specially  cultivated  in'^order 
to  obtain  soda  and  other  products  from  their  ash.  Almost  all  soda  is,  however, 
to-day  prepared  by  chemical  means,  starting  from  sodium  chloride,  which  is 
treated  according  to  one  of  the  two  methods  described  below. 
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PROPERTIES.  Soda  is  a  white  substance  of  varying  crystalline  character 
according  to  the  quantity  of  water  of  crystallisation  which  it  contains.  (>n 
slowly  cooling  an  almost  saturated  solution  of  soda  of  32°  Be,  large  crystals 
with  10  mols.  of  water,  NaCOg  -h  lOHgO,  that  is,  63  per  cent,  of  water, 
are  obtained,  forming  monoclinic  prisms  of  common  soda  crystals  ;  these 
effloresce  in  the  air  forming  a  white  powder  of  NajCOg  +  HgO. 

Soda  crystals  melt  in  their  water  of  crystallisation  at  32*5°,  forming  a  satu- 
rated solution  of  this  hydrate,  but  at  a  more  elevated  temperature  another 
hydrate,  NagCOg  +  2H2O,  separates  as  a  powder  which  loses  a  further  molecule 
of  water  in  the  air,  forming  another  fairly  stable  hydrate,  NajCOj  +  HjO, 
which  only  loses  the  final  molecule  of  water  at  100°,  forming  anhydrous  soda. 

Other  hydrates  are  also  known  and  they  all  have  their  own  solubility 
curves.  The  anhydrous  carbonate  easily  absorbs  moisture  from  the  air,  up 
to  15  per  cent,  without  becoming  deliquescent,  differing  in  this  way  from 
potassium  carbonate.  It  melts  at  850°,  losing  a  small  quantity  of  CO2,  and 
volatilises  at  very  high  temperatures.  100  parts  of  water  at  20°  dissolve 
7  parts  of  anhydrous  soda,  at  37-5°  59-5  part»,  and  at  100°  only  45-1  parts  ; 
thus  we  see  that  soda  behaves  in  a  similar  manner  to  sodium  sulphate. 

In  aqueous  solution  it  has  a  strongly  alkaline  reaction,  for  the  same  reasons 
as  were  explained  in  the  case  of  potash.  The  acids  all  evolve  carbon  dioxide 
with  soda. 

We  give  a  Table  on  the  opposite  page  showing  the  densities  and  concen- 
trations of  solutions  of  sodium  and  potassium  carbonate.  We  will  now  explain 
in  some  detail  the  various  industrial  processes  used  for  the  preparation  of  soda, 
which  constitutes  one  of  the  most  important  products  supplied  by  modem 
chemical  industry. 

I.  LEBLANC  PROCESS.  This  is  the  older  process,^  and  is  based  on 
the  transformation  of  sodium  chloride  into  sodium  sulphate  in  the  manner 
which  we  have  already  described  in  connection  with  the  manufacture  of 
hydrochloric  acid  (p.  160). 

The  crude  sulphate  is  then  mixed  with  an  excess  of  coal  and  calcium  carbonate 
and  the  whole  was  formerly  heated  to  redness  in  reverberatory  furnaces  some- 
what different  from  those  shown  on  p.  161.  Now,  however,  revolving  furnaces, 
consisting  of  large  cylinders  revolving  on  their  axes  and  continuously  traversed 
by  the  flame  from  a  neighbouring  hearth,  are  used.     Rotary  furnaces  for  the 

'  The  origin  of  the  soda  industry  may  be  traced  back  to  the  cight'eenth  century.   In  1730  Duhamd  showed 
that  sodium  chloride  and  natural  soda  contain  the  same  base,  and  indicated  that  it  should  therefore  be  possible 
to  transform  salt  into  soda.  In  1776  Scheele  showed  that  on  heating  a  solution  of  sodium  chloride  with  lead  oxide 
and  then  passing  carbon  dioxide  into  the  filtered  liquid,  soda  was  obtained.  This  process  was  patented  by  Turner 
in  1787.  In  1775  the  French  Academy  awarded  a  prize  to  the  work  of  Malherbe  and  De  la  Metherie,  who  succeeded 
in  preparing  soda  in  the  laboratory  by  heating  Glauber  salt  (M>dium  sulphate)  with  carbon.  Attempts  to  manofac- 
ture  soda  on  a  large  scale  by  this  procoKs  failed  completely.   Nicola  Lcblanc  (1742-1806)  first  devised  a  complete 
prooeHB  for  transforming  sodium  chloride  into  the  carbonate  by  way  of  sodium  sulphate.  In  laboratory  experimentii 
he  transformed  sodium  sulphate  easily  and  directly  into  the  carbonate  by  heating  it  with  carbon  and  calcium 
carbonate,  and  in  1783  he  obtained  a  prize  from  the  Academy  for  hla  process.      Leblanc,  who  was  the  medical 
man  of  the  Duke  of  Orleans,  obtained  from  him  £8000  in  order  to  construct  the  first  soda  works  at  St.  DeniA  in 
1781 ;  but  in  1793,  when  the  Duke  of  Orleans  was  guillotined,  the  St.  Denis  works  were  also  closed,  and  the  Com- 
mittee of  Public  Safety  obliged  Leblanc  to  make  his  secret  public  in  order  to  replace  potash  by  soda  for  the  national 
requirements,  as  this  could  not  be  obtained  on  account  of  the  commercial  isolation  of  France.  As  a  compensation 
they  then  made  over  the  works  of  the  Duke  of  Orleans  to  Leblanc  ;   but  he  no  longer  had  the  means  to  work  a 
factory  on  such  a  large  scale,  and  became  extremely  poor.    In  1806  he  retired  into  an  almehousc,  where,  a«  a 
last  resource  in  his  great  misery,  he  committed  suicide.   In  France  ho  was  only  recognised  much  later,  after  hundredit 
of  millions  of  tons  of  alkali  had  been  indiintrially  prepared  in  England  and  Germany  by  the  liCblanc  process,  and 
it  is  only  of  late  years  that  his  countrymen  thought  of  erecting  a  monument  to  their  unfortunate  feUow-citizen. 
The  manufacture  of  soda  liad  already  been  attempted  by  Losh  in  England,  who  could  not  obtain  a  footing  until 
the  enormous  taxes  which  were  levied  on  salt  were  reduced.    The  large  works  of  Musprattin  England  (1824)aInK»»t 
presented  the  soda  to  their  customers  in  order  to  show  that  it  had  a  value  at  least  equal  to  natural  soda.    Prom 
that  time  this  industry  extcnd«'d.  especially  in  England,  and   underwent  great  improvementfi  In   mechanical 
directions,  whilst,  on  the  other  hand,  from  a  chemical  standpoint  the  prescriptions  of  Leblanc  were  almost  exactly 
followed.    The  more  important  improvements  were  those  of  Oossagc,  who  in  1836  introduced  the  coke  tower  for 
absorbing  HCl  ($ef  Note  on  p.  161) ;  that  of  Stevenson  and  Williamson,  who  devised  rotary  soda  foniaces,  and 
then  the  systematic  lixiviation  and  the  mechanical  calcining  furnace.     Later,  through  the  assiduous  work  and 
repeated  cxprriments  of  Schaffiior,  Mond,  and  Clmncc.  it  became  possible  to  utilise  the  enormous  quantitieA  of 
sulphur  which  were  formerly  lost,  und  are  still  in4arge  part  lost  to-day,  in  the  alkali  waste. 
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SPECIFIC  GRAVITIES  AND  STRENGTHS  OF^OLUTIONSpiOF  SODIUM 
AND  POTASSIUM  CARBONATE 
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production  of  large  quantities,  which  give  good  results,  are  constructed,  for 
instance,  by  the  works  of  Carrick  and  VVardale  in  Gateshead  (Fig.  195). 


Flu.  193. 

The  mixture  of  sulphate,  limestone,  &ad  coal  is  introduced  into  the  rotary  cjliiider,  B', 
which  consists  of  a  large  wrought-iron  cylinder  lined  with  refractory  bricks,  6  to  8  metres 
long  and  2J  to  3i  metres  in  diameter,  holding  15  to  20  tons  of  the  niiiture,  fotu  charges 
of  which  are  treated  per  day.  The  cylinder  re\-olves  on  tour  whcel,-i,  C,  through  the  action 
of  the  cog-wheel,  /.     The  fluiiien  and  hot  gases  froiu  the  tuniaee,  D,  enter  through  the 
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mouth,  E,  which  is  joined  to  the  cylinder  by  meoiu  of  a  ring,  affording  a  sufBciently  closed 
joint,  although  it  allows  the  cylinder  to  revolve.  The  very  hot  gases  which  escape  at  the 
outlet,  F,  pass  over  the  surface  of  soda  solution  obtained  by  previous  operations,  and 
contained  in  the  pan,  O,  which  is  thus  evaporated. 

In  practice  100  kilos  of  sodium  sulphate  from  the  pan,  which  should  not  be  inelt«d  to  a 
compact  mass  but  should  be  porous,  is  used  in  lumps  as  they  are  obtained  from  the  salt- 
cake  pans  and  mixed  coarsely  by  huid  with  shovels,  or  by  rapid  mechanical  niizen>,  with 
80  to  90  kilos  of  crushed  limeHtono  or  chalk  containing  little  magnesia,  iron  and  silica, 
and  40  to  50  kilos  of  coal  in  small  pieces.  The  coal  should  contain  a  little  ash,  always  less 
than  10  per  cent.,  and  more  especially  very  little  silica,  as  this  causes  loss  of  soda  in  the  form 
of  soluble  silicates  or  may  even  form  other  insoluble  mixed  silicates  ;  if  it  contains  loDch 
nitrogen  the  coal  forms  cyanides  and  sulphocyanides  which  render  the  soda  impure. 

When  the  operation  is  almost  finished  6  to  7  per  cent,  of  further  sulphat«  and  a  little 
powdered  limestone  are  added  ;  the  mass  then  becomes  more  liquid  and  is  easily  diachai^ed 
through  the  opening,  B',  when  this  is  turned  downwards,  into  suitable  cars  which  am 
arranged  under  the  furnace.  The  fused  mass  solidifies,  and  becomes  spongy  and  friable 
after  some  days  under  the  influence  of  atmOBpherio  moisture. 


In  the  furnaces  the  two  following  reactions  occur  : 

(o)    S04Naj  +  2C  =  Na^  +  2CX),    and    SO^Naj  +  4C  -  Na^S  +  4CO 
(6)     Na^S  +  CaCOj  =  CaS  +  COiNa,. 

The  end  of  the  reaction  is  indicated  by  the  appearance  of  blnish  flames  of  00  as  a 
portion  of  the  CaCOj  is  decomposed  into  CaO  +  COj,  and  the  COj  in  presence  of  carbon  is 
in  turn  converted  at  that  temperature  into  CO ;  COj  +  C  -=  2C0, 

The  black  ash  thus  obtained  consists  of  a  mixture  of  Fodium  carbonate,  excess  of 
calcium  carbonate,  sodium  sulphide,  eiceHs  of  eoal,  calcium  oiide,  and  other  impurities. 
After  cooling,  the  block  ash  is  sj-stematically  lixiviated  with  cold  water  in  a  suitable 
plant,  and  since  the  liquid  becomes  hot  the  temperature  is  lowered  as  far  as  possible  to  40° 
or  60°,  as  in  this  way  less  highly  coloured  solutions  arc  obtained  and  the  formation  of 
sodium  hydroiide  is  avoided  {see  below). 

For  this  purpose  several  iron  tanks  with  a  perforated  double  bottom  are  used,  arranged 
in  series  (Fig.  196).  The  bottom  is  covered  with  a  thin  layer  of  cinders,  and  then  each 
vat  is  filled  with  lumps  of  black  ash,  and  water  is  passed  into  the  vat,  A.  A  pipe  dips 
down  to  the  bottom  of  this  vat  which  carries  the  solution  info  the  upper  part  of  the  vat,  6, 
and  in  the  same  way  the  solution  passes  from  B  to  V  and  from  C  to  D  ;  the  solution  in  D 
should  be  of  28"  to  30"  Be.  ;  if  it  is  more  concentrated  it  dissolves  more  sulphide  and  iron 
salts  which  colour  the  solution  deeply.  On  then  lowering  the  tube,/,  into  the  vat,  D,  the 
solution  is  discharged  into  channels,  i,  which  carry  it  into  a  tank  from  which  it  is  pumped 
into  the  evaporating  pans.  The  soda  in  A  will  be  the  first  to  dissolve  completely  ;  the 
muddy  residue  is  then  discharged  from  the  i-oek,  g,  at  the  base,  and  then  after  thoroughly 
rinsing  with  water,  this  vat  is  filled  with  fresh  crude  soda.  At  this  point  the  solution 
which  passes  into  the  last  vat,  D,  instead  of  being  discharged  is  passed  through'the  tube,  *. 
into  the  first  vat,  A,  where  it  becomes  saturated  and  is  then  discharged  through  the  tube,/ ; 
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the  Tat,£,  vbich  remama  emptj  is  then  filled  m  WMdonefot  J.aud  theiiBbeoomestbo 
last  vat  to  be  dischnrgedi  and  so  on  in  auoh  manner  as  to  obtain  a  rational,  ByBt«malJc, 
and  continnoxw  liiivintion. 

The  whole  of  the  impurities,  consisting  of  calcium  aulpliide,  calcium  carbonate,  coal, 
aud  a  certain  qitantity  of  other  impurities,  form  the  sO'Callcd  alkali  ivaale.  It  must  be  borne 
in  mind  that  during  liziviation  the  calcium  oxide  reacts  with  the  soda,  forming  insoluble 
calciuni  carbonate  and  aoluble  sodium  hydroxide  : 

CaO  +  HsO  +  COjNft,  =  CaCO,  +  2NaOH. 

Kor  this  reason  amongst  others,  a  works  manufacturing  sodium  carbonate  always 
uianufactures  sodium  hydroxide  as  well,    hi  fact,  if  an  excess  of  coal  is  added  in  the  black- 
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.uih  furnace,  aud  tiiis  is  heated  to  higher  temjKiraturcs  and  the  crude  soda  lixiviated  with 
hot  water,  more  sodium  hydroxide  than  sodium  carbonate  may  be  furiuod. 

When  the  production  of  carbonate  alone  is  required,  the  small  amount  of  hydroxide 
which  is  present  in  the  solution  obtained  on  lixiviation  must  be  transformed  into  carbonate 
by  passing  a  current  of  air  and  carbon  dioxide  through  the  solution.  This  process  is  called 
earbonating,  and  chimney  gases  are  commonly  used  ;  by  this  means  the  small  amounts 
of  dissolved  calcium  sulphide  and  sodium  sulphide  which  are  present  are  oxidised, 
forming  sulphates,  and  the  alumina,  iron,  and  silica  which  are  present  as  impurlticB  in  the 
Kulution  are  precipitated  at  the  same  time.  The  completion  of  this  reoctic 
by  the  fact  that  lead  acetate  paper  is  no  longer  blackened. 

On  standing,  a  clear  solution  of  sodium  carbonate  is 
obtained,  which  Is  decanted  and  evaporated.  When  a  certain 
concentration  has  been  acquired,  crystals  of  sodium  carbonate, 
NajCOj  +  HjO  {black  salt),  already  separate  from  the  hot 
liquor,  and  are  gradually  removed,  whilst  new  solution  is 
added   to   the    liquor   in   the    pans ;     and   thus   the    proci-ss 

For  this  purpose  long,  narrow,  round -bottomed  pans  are 
used,  heated  by  direct  flame,  and  so  arranged  that  the  lower 
part  of  the  bottom  resta  on  the  brickwork  of  the  hearth,  and 
is  not  directly  heated  by  the  flame,  so  that  the  :a,lt  which 
separates  is  not  burnt. 

To-day,   however,   Tliclcn's  ol>cii  puns,   licated  by  direct  I'n 

ttame,  arc  generally  employed  ;  these  are  provided  with  an 
automatic  stirrer,  and  the  pure  carbonate  which  rc-paratcs  on  evajxiralio 
cally  discharged. 

Fig.  197  represents  a  longitudinal  section,  and  we  sec  how  the  inclination  of  the  scrapers 
on  the  stirrer  causes  all  the  crystals  to  pass  to  one  extremity  of  the  pan  from  wheiu'c  they 
may  bo  removed  by  a  suitable  elevator.  Fig.  198  shows  a  transvert^e  section  of  the  same 
pan,andshowsstillmoreclearly  the  movement  of  the  scrapers  which  are  partially  movable. 

The  highly  concentrated  mother  liquors  arc  discharged  at  intervals  aud  contain  sodium 
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ferrocyanide  and  other  imporitiea  together  with  Boda.  These  mother  liqnota  are  finally 
ooncentiated  apart  and  the  residue  caldned,  impure  soda  ash  being  thus  obtained. 

The  black  salt  which  is  Arat  obtained  is  separated  from  the  mother  liquors  in  a 
hydro  ■extractor  ;  if  the  soda  has  been  previously  carlwnated  it  is  then  calcined  in  ordinaj^r 
reverboratory  furnaces  and  not  in  cylindrical  rotary  furnaces,  because  it  woiJd  then  molt, 
in  which  case  it  would  be  necessary  to  work  it  up  again.  If  carbonisation  and  oxidatiim 
have  not  been  performed  the  soda  is  mixed  with  sawdust  and  charged  into  reverberaiory 
furnaces  for  calcination.  It  is  important  to  regulate  the  temperature  in  such  a  maimer 
that  the  soda  does  not  melt,  as  otherwise  it  becomes  unserviceable,  and  it  must  aktu  be 
kept  continually  moving  so  that  all  the  sawdust  may  be  converted  into  carbon  diojddf 
which  forms  carbonate  with  the  NaOH. 

For  this  purpose  rotary  calcining  furnaces  arc  constructed  ;  a  much  used  form  is  that 
of  Mactear,  which  is  able  to  produce  100  tons  of  calcined  soda  asb  per  week. 

An  iron  platform  (Fig.  169)  6  to  7  metres  in  diameter  (2)  is  mounted  on  wheels  (3)  ajid 
is  covered  by  refractory  material  (1);  its  extreme  rim  is  provided  with  a  small  channel 
all  round  (51)  in  which  molten  soda  forms  a  hydrauhc  seal  with  the  vault  of  the  furnace 
(6,  7,  and  23),  which  is  supported  by  a  suitable  iron  framework.  Under  the  circumfurrnce 
of  tho  platform  there  is  a  cogwheel  which  eniiblcs  the  whole  platform  to  be  revolved  byjueans 


of  the  spur-wheels  (50).  The  soda  to  be  calcined  Is  charged  through  the  central  aperture 
(18).  and  is  finally  discharged  through  the  central  opening  (19).  Ihiring  the  circular 
movement  hot  gases  and  flame  pass  in  from  the  hearth  (9),  and  the  mass  of  soda  is  con- 
tinuously stirred  up  by  a  system  of  agitg  tors  (22)  fixed  in  the  roof  of  the  furnace  and  actuated 
by  cogwheels.  The  soda  which  is  obtained  from  these  furnaces  is  already  sufficiently  pure 
for  many  industrial  purposes.  If  a  purer  crystalline  ^oda  is  required  it  Is  dissolved  in  suitable 
vat«  and  a  little  chloride  of  lime  is  then  added  in  order  to  osidise  and  precipitate  tho  various 
impurities,  iron,  alumina,  &c.  The  clear,  decanted,  or  filtered  solution  is  evaporated  in 
ordinary  pons,  for  example,  Thelen  pans  (ste^iove). 

The  refined  soda  crystals  which  are  thus  obtained  ore  calcined  in  an  ordinary  very 
clean  furnace,  after  which  they  are  ready  for  sale,  and  arc  ordinarily  placed  in  sacks  on 
which  their  strength  in  soda  is  marked. 

If  large  transparent  soda  crystals  are  required  the  concentrated  hot  solution  '»  allowed 
to  cool  slowly  in  suitable  vats  ;  the  soda  crystals  of  commerce  are  thus  obtained,  of  the 
composition  NaCOa  +  lOHjO  ;  these  are  still  wrongly  preferred  in  some  quarters  to 
calcined  soda,  although  they  contain  63  per  cent,  of  water. 

In  order  to  be  able  to  meet  the  competition  of  theSolvfty  procesB  (Ammonia 
Process,  see  below),  it  is  necctsary  in  using  the  Leblanc  process  to  utilise  all 
the  by-products  &h  far  as  possible  ;  thus  the  HCl  formed  in  the  manufacture 
of  the  sodium  wnlphate  must  be  uKctl  for  the  preparation  of  chlorine  or  bleaching 
powder,  and  the  sulphur  contained  in  the  alkali  waste  (consisting  of  about 
40  per  cent,  of  CaS,  22  per  cent,  of  CaCOj,  3  per  cent,  of  iron  sulphide,  15  per 
cent,  of  sand  and  silicates,  4  per  cent,  of  soda,  10  per  cent,  of  lime,  &c.),  must 
also  be  utilised  as  far  as  po.ssible. 

Until  a  few  years  agu  (1900)  this  alkali  waste,  apart  from  being  a  source  of  much  losnof 
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capital,  as  it  contained  20  or  25  per  cent,  of  sulphur,  constituted  a  regular  calamity  for  the 
industry  and  for  the  inhabitants  of  the  neighbourhood  of  the  works.  A  truly  enormous 
bulk  of  material  was  thus  obtained,  because  each  ton  of  soda  which  was  produced  supplied 
1}  tons  of  dry  waste,  and  thus  all  this  material  collected  in  regulsur  mountains  which  developed 
a  smell  of  hydrogen  sulphide  through  the  action  of  the  air,  which  was  thus  polluted,  and 
water  dissolved  coloured  and  evil -smelling  sulphides  which  passed  into  the  soil  and  defiled 
the  water  of  wells  and  rivers. 

The  treatment  of  alkali  waste  thus  constituted  a  problem  of  capital  importance  both 
from  the  hygienic  and  financial  standpoints  :  all  the  sulphur  was  lost  in  quantities  which 
corresponded  to  about  one-third  of  the  weight  of  soda  produced  ;  and  England  alone 
lost  more  than  160,000  tons  of  sulphur  annually  of  the  value  of  about  £400,000. 

Numerous  experiments  were  made  and  very  important  work  was  undertaken  on  this 
question,  and  after  repeated  failures,  and  after  the  hopes  aroused  by  SchafiEner  in  1880  (he  ob* 
tained  calcium  thiosulphate,  CaS^Os,  after  many  operations  and  then  decomposed  this  with 
HCl,  thus  recovering  sulphur  and  SO2),  the  process  had  to  be  abandoned  through  the  increased 
price  of  HCl,  and  from  the  fact  that  only  50  per  cent,  of  the  sulphur  was  recovered.  Mond 
then  attempted  to  solve  the  question,  and  finally  the  Schaffner-Helbig  process  arose,  which 
reduced  the  sulphur  losses  to  a  minimum,  at  the  same  time  recovering  calcium  carbonate. 

According  to  this  system  calcium  sulphide  was  decomposed  with  magnesium  chloride 
in  solutions  of  24°  B6.  in  closed  iron  cylindersprovided  with  stirrers,  and  heated  by  direct 
steam,  CaS  -h  MgCii  +  HgO  «=  MgO  -f  CaCl2  +  HgS  ;  the  hydrogen  sulphide  which  was 
evolved  was  partially  burnt  and  SO2  was  thus  obtained  which  was  passed  together  with  the 
remaining  H2S  into  a  solution  of  CaCl2  and  then  immediately  separated  all  the  sulphur, 
SOj  -f-  2H2S  —  2H2O  -f-  S3,  always  imder  the  condition  that  exactly  the  right  proportions 
of  H2S  and  SO2  were  present.  In  presence  of  0aCl2  the  sulphur  separated  in  lumps  and 
was  thus  easily  filtered. 

On  then  passing  a  current  of  carbon  dioxide  into  the  mixture  of  CaCl2  and  MgO  resulting 
from  the  first  reaction,  magnesium  chloride  and  calcium  carbonate  were  formed  ;  the  latter 
was  then  again  used  in  the  manufacture  of  soda  :  MgO  +  CaCl2  +  CO2  =  COsCa  +  MgC]2* 

In  1888  Chance  rendered  the  process  more  economical  by  perfecting  the  process  of 
Gossage  (1838)  by  which  CaS  was  decomposed  with  CO2  and  HgO,  and  the  H2S  which  was 
formed  completely  burnt,  forming  SO2,  which  was  used  for  the  manufacture  of  sulphuric 
acid.  Chance  foimd  it  more  remunerative  to  partially  bum  the  hydrogen  sulphide  in  such 
a  manner  that  the  H  only  was  transformed  into  H2O,  and  all  the  sulphiu:  was  separated 
as  such  :   HjS  +  O  =  HgO  -h  S  {see  p.  199). 

The  important  point  in  this  process  is  to  employ  exactly  the  right  proportions  by  volume 
of  H2S  and  air.     The  process  is  remunerative,  but  requires  very  costly  plant. 

To-day  the  method  of  Chance,  modified  by  Gaus,  is  everywhere  employed.  A  current 
of  carbon  dioxide  (chimney  gases)  is  passed  into  the  residues  in  aqueous  suspension  : 
CaS  -I-  CO2  +  H2O  =  CaCOa  +  H2S,  and  the  hydrogen  sulphide  evolved  is  collected  in 
large  gasometers  and  then  biunt  with  an  insufficient  quantity  of  air  ;  the  sulphur  is  then 
separated  (regenerated  sulphur)  or  is  burnt  with  excess  of  air  ;  it  then  forms  SO2  which 
is  utilised  in  lead  chambers  for  the  manufacture  of  sulphuric  acid. 

It  is  estimated  that  by  this  process  about  80,000  tons  of  sulphur  are  annually  obtained 
in  Europe.  Since  1904  the  United  Alkali  Company  in  Liverpool  has  transformed  H2S 
and  SO2  into  sulphuric  acid  with  a  yield  of  90  per  cent,  by  passing  these  gases  over 
platinum  catalysers  at  538°. 

n.  AMMONIA-SODA  PROCESS  (or  SOLVAY  PROCESS).  This  process 
was  already  proposed  by  Dyar  and  Hemming  in  1838,  but  was  rendered 
industrially  effective  after  many  failures  by  the  brothers  Solvay  in  1865.^ 

This  is  based  on  the  reaction  which  occurs  at  ordinary  temperatures  between 
a  solution  of  sodium  chloride  and  one  of  ammonium  dicarbonate,  with  fonnation 
of  sodium  dicarbonate  : 

CO3HNH4  -h  NaCl  =  NH4CI  +  COgHNa. 

*  It  appears  that  Vogd  in  1822  was  already  aware  of  the  reaction  by  which  soda  is  obtained  by  the  ammonia 
process,  and  it  in  said  that  J.  Thom  in  1836  manufaoturctl  100  kilos  per  day  ;  but  the  first  patent  is  that  of  Dyar 
and  Hemming,  of  June  30,  1838.  Flowevor,  Dr.  V.  Jlavizza  sliowoii  by  documents  at  a  meeting  of  the  Chemical 
Society  of  Milan  in  Fcbniary  1910  that  the  Milanese  pliannacist  (Jerolamo  Forni  on  March  6, 1836,  offered  a  project 
to  the  Austrian  Government  for  the  manufacture  of  250  tons  of  soda  annually  by  the  ammonia  process. 
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At  high  temperatures  the  reverse  reaotion  may  also  occur.  If  the  solution 
is  concentrated  the  sodium  dicarbonate,  which  is  only  slightly  soluble,  separates 
in  the  crystalline  condition,  whilst  the  ammonium  chloride  remains  in  solution. 
On  then  heating  a  solution  of  the  dicarbonate,  sodium  carbonate  is  easily 
obtained  : 

2C03HNa  =  COgNaa  +  COj  +  HjO. 

The  ammonia  process  cannot  be  employed  for  the  preparation  of  potassium 
carbonate  because  the  corresponding  potassium  dicarbonate  is  more  soluble 
and  does  not  separate  in  crystals. 

Industrially  the  process  starts  from  a  cold  saturated  solution  of  NaCl ;  this  is  saturated 
with  moist  gflkseous  NHs  in  such  a  way  that  each  Utre  of  the  solution  contains  268  gnns.  of 
NaCl  and  78  grms.  of  NH,. 

It  is  found  in  practice  that  in  order  to  obtain  a  good  yield  it  is  necessary  to  employ 
about  double  the  quantity  of  sodium  chloride  that  is  theoretically  required  ;  thus  for  100 
kilos  of  soda  of  99  per  cent.  210  to  220  kilos  of  salt  are  required,  a  part  of  which  is  lost 
(about  20  per  cent.).    (TranakUor's  note, — This  should  be  60  per  cent.) 

The  NaCl  solution  should  not  contain  salts  of  calcium,  magnesium,  or  iron,  and  in  c^se 
these  are  present  it  is  necessary  to  separate  them  with  a  Uttle  ammonium  carbonate  ;  thii- 
separation  is  not  easy  and  is  to-day  effected  economically  by  first  using  the  saturated  salt 
solution  for  washing  the  gases  which  escape  from  the  apparatus  in  which  the  saturation 
with  ammonia  occurs  ;  in  this  way  about  1*2  per  cent,  of  ammonium  carbonate  is  intro- 
duced into  the  solution  and  complete  saturation  with  ammonia  is  only  carried  out  after  the 
carbonates  of  calcium,  magnesium,  iron,  &c.,  have  been  separated. 

The  saturated  solution  containing  about  26,  to  27  per  cent,  of  NaCl  is  obtained  by 
passing  a  current  of  water  through  vessels  filled  with  salt  and  arranged  in  series.  In  a 
saturated  solution  of  salt  dry  gaseous  ammonia  would  precipitate  NaCl  because  this  is  less 
soluble  in  an  ammoniacal  solution  ;  but  by  employing  moist  NH3  as  it  is  regenerate 
from  NH4CI,  NaCl  is  not  precipitated,  because  this  carries  with  it  sufficient  moisture  to 
sufficiently  dilute  the  solution,  which  at  the  end  of  this  operation  should  still  be  saturated 
with  salt.  The  original  salt  solution  has  a  density  of  23°  to  24°  B6.,  and  after  saturation 
with  ammonia  a  density  of  only  16°  B6.,  so  that  the  volume  is  increased  and  each  litre 
contains  60  to  70  grms.  of  ammonia.  If  fresh  salt  is  added  to  resaturate  the  solution 
fiurther  impurities  in  the  form  of  calcium  and  magnesium  are  introduced  ;  and  in  order 
to  avoid  this  disadvantage,  almost  dry  ammonia  is  to-day  employed  by  preference  to  obtain 
a  saturated  salt  solution.  The  saturation  of  the  salt  solution  (brine)  with  ammonia  may  bc^ 
carried  out  in  any  of  the  usual  forms  of  column  apparatus  similar  to  those  employed  in 
the  manufacture  of  alcohol,  or  in  the  Griineberg  apparatus  (p.  324),  by  allowing  the  brine 
to  fall  into  the  column  from  above  and  passing  the  current  of  gaseous  ammonia  from  below. 
Solvay,  however,  employs  a  saturator  shown  in  Fig.  200. 

The  two  vessels,  R  and  jR',  which  contain  the  saturated  salt  solution  are  used  alternately 
and  are  in  communication  above  and  below,  through  p,  p',  r,  r',  with  a  vertical  cylinder,  ^4, 
into  which  the  ammonia  passes  through  the  tube,  T,  which  terminates  in  a  perforated 
funnel.  The  ammonia  from  the  rectifying  column  is  first  cooled  to  70°  to  80°  in  large 
cast-iron  coils  cooled  by  cold  water,  after  which  the  ammonia  passes  through  the  salt  solu- 
tion which  is  maintained  in  circulation  by  the  agitator,  W,  in  such  a  manner  that  it  con- 
tinuously enters  and  passes  out  of  the  vessel,  R  or  R\  Since  the  solution  tends  to  become 
heated  it  is  necessary  to  cool  it  by  passing  cold  water  through  the  serpentine  coil,  S,  The 
excess  of  ammonia  passes  out  through  the  tube,  T,  and  is  absorbed  by  a  dilute  solution 
of  NaCl.  When  the  solution  in  R  is  saturated  with  ammonia  it  is  necessary  to  add  a  lit  tit' 
powdered  salt  through  the  tube,  V,  in  order  to  also  saturate  the  solution  with  NaCl  ;  the 
stirring  is  then  stopped  and  the  solution  is  driven  over  into  the  conical  cylinder,  Z>,  by 
compressed  air.  Here  the  impimtics  are  allowed  to  settle  and  are  separated  by  mean^ 
of  the  valve  tube,  M,  whilst  the  clear  solution  pat«se8  out  through  the  tube,  U,  and,  together 
with  that  remaining  in  the  vessel,  R  or  R\  is  continuously  pumped  into  the  carbonatuig 
apparatus  which  is  called  the  absorber. 

The  absorber  used  by  Solvay  eonsists  of  a  column  formed  of  an  iron  cyUnder  2  metn* 
in  diameter  and  16  metres  high,  divided  into  many  portions  by  means  of  perforated 
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plates,  6.  The  ammoniacal  salt  solution  pftseoa  in  through  the  tube,  /,  whioh  feeds  Beveral 
absorbers,  &nd  flUs  the  columns  up  to  a  height  of  12  metres.  Compressed  earbon  dioxide 
passes  in  tlirough  the  tube,  d,  at  the  base  of  the  column  and  saturat^u  the  ammoniacal 
salt  solution,  forming  insoluble  Kodium  bicarbonate  ;  the  excess  of  CO^,  which  carries  with 
it  a  little  ammonia,  escapes  at  the  top  of  the  column  and  is  conducted  into  the  saturator 
containing  salt  solution  {see  above).  The  liquid  mass,  containing  sodium  bicarbonate 
in  siiBponsion,  is  filtered  on  vacuum  (titers  in  order  to  collect  the  bicarbonate,  whilst  the 
liquid,  which  contains  ammonium  chloride  and  free  ammonia  (60  grms.  per  litre),  is  mixed 
with  milk  of  lime  (200  grms.  CaO  per  litre),  and  hcalod  in  the  usual  apparatus  (pp.  324 
ei  aeq.),  for  the  regeneration  of  all  the  ammonia.'  Inside  the  Solvay  column  batteries  of 
tubes  in  which  cold  water  circulates  are  placed  at  various  heights  so  that  the  whole  mass  is 
kopt  at  a  temperature  below  40°. 


Fio.  200. 


Fio.  201. 


A  simpler  type  of  absorber  is  that  propow^  by  Honigmann  and  consists  of  several  iron 
cylinders  with  a  conical  bottom,  united  in  series. 

After  these  have  been  filled  with  ammoniacal  salt  solution  a  current  of  compressed 
carbon  dioxide  is  passed  through  them  successively,  and  when  the  oontenta  of  the  first 
cylinder  are  saturated  it  is  emptied  and  filled  afresh.  The  CO,  then  enters  the  second 
oyhnder,  which  is  not  yet  saturated,  first,  and  passes  through  the  successive  cylindora 
and  finally  into  the  original  first  cyhnder  containing  the  fresh  solution  ;  work  is  continued 
in  a  similar  manner  to  that  employed  in  syittcmatic  lixiviation  (see  p.  470).  During  the 
Haturation  with  CX)j  cold  water  ia  passed  over  tlie  external  surface  of  the  cylinders  in  order 
to  maintain  the  temperature  below  40°.  The  complete  carbonisation  lasts  from  12  to 
15  hours. 

The  carbon  dioxide  employed  in  this  process  is  obtained  by  heating  limestone  (CaCO,) 
"1  Huitable  lime-kilns  {see  Lime),  arr.->nged  in  layers  alternately  with  gas  coku  containing 
little  sulphur  and  arsenic  (100  parts  of  limestone  and  20  parts  of  coke).  The  carbon 
"lioiide  produced  by  the  kilns  is  cooled  and  freed  from  dust  and  SOa  by  naithing  it  in  one 
of  the  usual  towers  with  a  comitcr-current  of  water. 

The  lime  which  remains  in  the  kiltw  is  used  in  the  regeneration  of  anmionia  from  the 
aiuinonium  chloride  solutions, 

'  Ths  liquid  which  ia  dlutmgol  Irom  thu  apinniliiH  nftrr  ilii'  r«iipciatliiii  nr  the  aiuiiiiiiiiH  cunluiiia,  |igi 
.  ™  ■  ^  "'"'''■  '■*  P™-  "'  **"•  2  t™"-  "f  '**-■'>■  "■  K™>*'  "'  oildu""  »i"l  nodliini  cdlorlilra,  nod  OWW  iirm. 
"f  ^, ;  thin  l[i|uid  Is  ■IJowed  (o  .Unci  In  Drd.;r  to  recover  Ihi'  Jlmc  wliich  nepsratea. 
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The  sodium  bicaibouate  which  collects  in  compcot  cakos  on  the  vacuam  filters  is 
sprinkled  with  a  fine  spray  of  water  in  order  to  free  it  from  the  last  traces  of  mother 
liquor.  In  order  to  transform  it  into  carbonate  it  is  calcined  in  reverberatory  furnaces 
or  preferably  in  rotary  furnaces  or  in  pans  with  agitators  similar  to  the  Thelen  pans  (-m? 
above),  but  closed  so  that  all  the  carbon  dioxide  which  is  developed  during  the  heating  may 
be  recovered.  These  gases,  containing  50  per  cent,  of  CO2,  are  cooled  and  washed  and  led 
through  suitable  pipes  to  the  absorbers  in  order  to  be  directly  utilised  in  the  fonnation  of 
sodium  dicarbonate.  The  soda  ash  which  remains  is  dry,  white  and  bulky,  and  contains 
98  to  99  per  cent,  of  NagCOs. 

As  a  by-product  in  the  production  of  Solvay  soda  a  solution  of  calcium  chloride  is  obtained 
which  Solvay  has  endeavoured  to  utilise  by  heating  the  solid  residue  of  CaCls  obtained  cmi 
evaporation  with  silica  at  a  high  temperature  in  a  current  of  air.  Free  chlorine  is  thii> 
obtained  :  CaCl  +  Si02  +  0  =  CaSiOj  +  O2  ;  since,  however,  this  chlorine  cannot  compete 
with  electrolytic  chlorine  the  liquid  is  now  only  used  as  brine  in  ice  factories. 

This  process  of  treatment  of  the  magnesium  chloride  is  of  no  prr.ctical  importance 
because  electrolytic  chlorine  is  now  obtained  at  a  very  low  price.  Some  works  have  found 
it  profitable  to  treat  the  solution  of  CaClg  ^'^th  sulphuric  acid  or  sodium  dieulphate  ;  preci- 
pitated gypsum  is  thus  obtained  which  can  be  used  in  various  ways  ;  after  filtration  a  very 
dilute  solution  of  HCl  remains  which  may  also  be  utilised  in  certain  carcp. 

III.  CRYOLITE  PROCESS.  Much  soda  is  to-dav  obtained  in  North  America  and 
Denmark  from  a  mineral  which  is  very  abundant  in  those  countries  and  especially  also  in 
Greenland,  namely  cryolite,  which  is  a  double  fluoride  of  aluminium  and  sodium,  AIF3 .  3K^aF. 
The  finely  powdered  mineral  is  mixed  with  lime  and  heated  in  suitable  furnaces.  It 
forms  insoluble  calcium  fluoride  which  is  utilised  in  glass  and  porcelain  factories,  and  the 
double  oxide  of  aluminium  and  sodium  (sodium  aluminate)  which  is  soluble  : 

2(AlF3.3NaFJ  -I-  6CaO  -=  GCaFg  +  AlgOa-SNaaO  (soluble). 

The  mass  is  lixiviated  with  water  and  a  current  of  carbon  dioxide  is  pcuased  through  the 
solution  which  precipitates  aluminium  hydroxide  which  is  utilised  for  the  preparation  of 
alum,  aluminium  sulphate,  or  metallic  aluminium,  whilst  a  solution  of  sodium  carbonate 
remains,  which  is  concentrated  in  order  to  obtain  solid  soda. 

AlaOj.SNaaO  -1-  SHgO  -1-  3CO2  -=  SCOaNa,  +  Al2(0H)e. 

IV.  ELECTROLYTIC  PROCESS.  When  the  principal  difficulties  in  the  preparation 
of  electrolytic  caustic  soda  had  been  overcome,  the  direct  preparation  of  the  carbonate 
from  electrol3rtic  soda  by  passing  carbon  dioxide  into  the  cathodic  zone,  so  obtaining 
crystallised  sodium  bicarbonate,  was  thought  of  ;  this  could  then  be  finally  treated  in  tbe 
same  way  as  that  obtained  in  the  Solvay  process.  The  results  of  these  attempts  were 
kept  secret,  but  many  consider  that  this  process  could  not  be  practical  because  the  thermal 
balance  of  the  chemical  reactions  passed  through  in  order  to  obtain  sodium  carbonate 
in  the  ordinary  way  is  more  satisfactory  than  by  the  electrolytic  process  (see  above),  and  in 
fact  the  commercial  price  of  these  products  already  expresses  the  difference  in  the  thermo- 
chemical  balance,  and  except  in  special  cases  it  would  not  pay  to  transform  electrolytic 
chlorine  into  HCl  and  electrolytic  caustic  soda  into  sodium  carbonate. 

APPLICATIONS.  Soda  is  used  in  large  quantities  in  the  manufacture  of 
soap  and  glass,  in  laundries,  in  the  preparation  and  washing  of  textile  fibres, 
in  the  manufacture  of  paper,  in  dyeing,  and  generally  for  the  preparation  of 
many  sodium  salts  such  as  silicates,  phosphates,  the  dichromate,  borax,  &c. 

In  glass  factories  the  replacement  of  sodium  sulphate  by  sodium  carbonate 
can  be  predicted  when  it  is  sufficiently  cheap,  as  3  kilos  of  soda  produce  the  same 
effect  as  4  kilos  of  the  sulphate.  It  will  have  the  advantage  that  the  air  of  the 
neighbourhood  will  not  be  polluted  with  sulphur  dioxide.  It  will  also  effect 
an  economy  in  fuel  and  an  increase  in  the  output  of  the  furnaces,  which  \iill 
also  be  less  attacked  and  will  produce  glass  of  better  quality. 

STATISTICS  AND  TRADE  IN  SODA.  For  a  long  period  England  was  the  mistres* 
of  the  world's  trade  in  soda  products  in  virtue  of  her  powerful  mercantile  marine  and  large 
quantities  of  cheap  fuel,  and  it  was  only  much  later  that  thr  soda  industry  was  able  to 
develop  on  the  continent  of  Europe,  especially  after  the  introduction  of  the  ammonia-soda 
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process.  The  fight  between  the  two  systems  was  severe,  and  the  Leblano  process  has  only 
been  able  to  continue  its  existence  by  thorough  utilisation  of  the  by-products,  hydrochloric 
acid  and  sulphur. 

In  England,  where  the  Leb]anc  process  was  most  widely  used,  Mond  established  the 
first  ammonia -soda  works  in  1875. 

To-day  more  than  60  per  cent,  of  the  output  of  soda  in  England  is  produced  by  the  Solvay 
process,  and  on  the  Continent  80  per  cent,  is  now  so  produced.  The  entire  quantity  of 
sodium  chloride  used  in  England  in  the  various  alkali  works  was  670,000  tons  in  1880, 
850,000  tons  in  1890  and  700,000  itons  in  1894,  35,000  tons  of  sulphur  being  re-utilised 
in  the  Leblanc  works. 

The  Leblanc  process  is  steadily  decreasing  in  importance,  and  would  perhaps  have 
already  been  completely  abandoned  if  enormous  quantities  of  capital  were  not  invested 
in  those  works  which  originally  adopted  it.  Its  entire  extinction  cannot  be  far  off,  because 
the  glass  factories,  which  consumed  much  sodium  sulphate  from  the  Leblanc  works,  will 
certainly  replace  it  by  sodiimi  carbonate,  because  the  actual  price  of  soda  no  longer  justifies 
the  use  of  the  sulphate  which  yields  less  satisfactory  results.  When  this  occurs  the  Leblanc 
process  will  no  longer  have.any  justification  for  its  existence. 

The  strength  of  soda  is  commercially  indicated  by  degrees  which  have  various  values 
in  different  countries.  German  degrees  indicate  the  percentage  of  Na2C03  ;  Gay-Luasac 
degrees  the  percentage  of  Na20 ;  Descroizilles  degrees  (French)  the  quantity  of  H2SO4 
which  is  neutralised  by  100  parts  of  soda  ;  and  Newcastle  degrees  (English)  differ  very 
little  from  Gay-Lussac  degrees :  actually  1°  Gay-Lussac  =  1*71°  German  =  1*58° 
Descroizilles  —  l-Ol**  Newcastle. 

The  world's  consumption  of  soda  in  1882  was  700,000  tons,  of  which  only  160,000  tons 
were  ammonia  soda,  and  has  increased  rapidly  up  to  the  present  time,  being  about  1,760,000 
tons  in  1902,  of  which  only  260,000  tons  were  prepared  by  the  Leblanc  process.  England  is 
the  country  which  produces  the  largest  quantity,  and  in  1876  more  than  £7,000,000  was 
already  invested  in  this  .industry,  which  employed  22,000  workpeople.  The  English 
production  in  1880  was  430,000  tons  and  exceeded  800,000  tons  in  1896  ;  in  1909  95,000 
tons  were  exported.  North  America  only  produced  1100  tons  in  1886,  but  in  1898  the 
production  had  risen  to  300,000  tons.  Germany,  which  produced  42,000  tons  of  soda  in 
1878,  raised  its  production  to  300,000  tons  in  1901  of  the  value  of  more  than  £1,520,000  ; 
but  in  1905  this  fell  to  2$0,000  tons.  In  1904  Germany  exported  46,768  tons  of  soda  ash, 
and  4133  tons  of  crystals  ;  in  1905  it  exported  56,093  tons  altogether,  and  in  1907  the  exports 
fell  to  37,000  tons  of  soda  ash  and  2700  tons  of  soda  crystals  ;  the  internal  consumption  in 
Germany  is  between  240,000  and  280,000  tons.  The  Deutsche  Solvay- Werke,  with  a  capital 
of  £2,000,000,  showed  a  net  profit  of  £360,000  in  1904,  and  the  same  profit  is  still 
maintained. 

Brunner,  Mond  &  Co.,  in  England,  with  a  capital  of  £3,000,000,  paid  a  dividend  of  100 
per  cent,  for  several  years  continuously  and  still  pay  30  per  cent. 

Before  1897  Russia  imported  almost  all  its  soda  from  abroad ;  in  1897  the  consumption 
was  43,143  tons,  of  which  13,000  were  imported  ;  in  1907  the  consumption  rose  to 
63,500  tons  and  the  imports  fell  to  352  tons. 

Italy  does  not  produce  sodium  carbonate,  and  imported  26,000  tons  in  1902  ;  27,750 
tons  in  1904  at  £6  per  ton  ;  35,538  tons  in  1907,  and  38,351  tons  in  1909,  of  the  value  of 
£191,260.  One-half  of  this  comes  from  France,  one-fifth  from  Germany,  one-fifth  from 
England,  and  one-tenth  from  Belgium.  In  1873  France  produced  57,000  tons  of  soda, 
and  in  1900  the  production  had  risen  to  225,000  tons,  of  which  20,000  were  produced  by 
-  the  Leblanc  process. 

The  continuous  fall  in  the  price  has  greatly  contributed  to  the  large  increase  in  the  con- 
sumption of  soda  ;  thus  in  England,  where  crystallised  soda  containing  63  per  cent,  of  water 
was  sold  at  £10  per  ton  in  1840,  the  price  had  fallen  in  1860  to  £5  12«.,  in  1870  to  £4, 
in  1880  to  £3  9s.  6d.,  and  in  1890  to  £2.  In  Italy  to-day  it  is  sold  at  £2  I6s.  per  ton  and 
calcined  ammonia  soda  at  £5  4^.^ 

This  continuous  fall  in  prices  has  enabled  soda  to  be  ured  in  very  many  industries 

in  which  its  use  would  not  formerly  have  been  thought  possible  ;  for  instance,  in  building 

operations,  by  adding  it  to  the  mortar  in  order  to  be  able  to  work  in  winter  without  fearing 

the  action  of  the  frost.     A  large  palace  at  Brusr.els  v/as  actur.lly  constructed  during  a  severe 

The  approximate  cost  of  production  per  ton  of  100  per  cent,  soda  by  the  two  processes  may  be  deduced 
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winter  by  avoiding  freezing  of  the  mortar  by  the  addition  of  soda.  This  fall  in  price  ha> 
rendered  it  difficult,  if  not  impossible,  to  start  new  works  in  various  coimtries  in  competitii  ^n 
with  thoEe  which  already  exist,  and  which  are  being  continually  perfected. 

In  America  only  1100  tons  of  soda  were  produced  in  1886  and  about  300,000  tons  in 
1898,  all  by  the  ammonia  process. 

The  German  production  of  soda  in  1878  was  42,000  tons  (100  per  cent.),  and  in  189(» 
was  195,000  tons,  three-fourths  of  which  was  ammonia  soda  ;  in  1894  the  production  tos*- 
to  250.000  tons,  and  in  1891  it  reached  300,000  tons  of  the  value  of  £1,620,000.  The  firm 
of  Solvay  in  its  various  works  jn  different  countries  produced  940  tons  of  soda  altogether 
iii  1870  and  about  400,000  tons  in  1889.  There  are  also  other  works  in  Europe  which  produet 
ammonia  soda  with  plants  erected  by  Honigmann.  In  1891  an  English  syndicate  v^i.- 
formed  comprising  45  large  works  and  called  the  United  Alkali  Company,  Limited,  with  a 
capital  of  about  £8,800,000,  which  paid  fabulous  dividends  in  certain  years  {see  abcfve). 

ANALYSIS  OF  SODA.  The  strength  of  pure  soda  solutions  may  be  found  from  the 
Table  of  Specific  Gravities,  p.  469.  In  the  case  of  soda  ash  it  is  necessary  to  heat  it  to  gentle 
redness  before  analysis.  The  strength,  or  alkalinity,  is  determined  with  a  normal  solution 
of  HCl,  using  methyl  orange  in  the  cold,  or  litmus  with  heating,  as  an  indicator.  The  amount 
of  insoluble  matter  is  determined  by  dissolving  50  grms.  of^soda  in  hot  water  and  collecting 
tlie  residue  on  a  tared  filter.  The  iron  in  this  insoluble  portion  may  be  determined  by  the 
usual  analytical  methods.  Sodium  chloride  is  determined  by  titration  with  silver  nitrate  in 
a  definite  quantity  of  the  solution  which  is  first  exactly  neutralised  whilst  hot  with  nitrie 
acid  ;  a  few  drops  of  pota.ssium  chromate  solution  are  used  as  indicator.  The  sulphatei^ 
are  precipitated  with  BaCl2  in  a  solution  of  the  soda  which  has  been  acidified  with  HO, 
and  heated,  and  the  barium  sulphate  then  weighed.  Free  sodium  hydroxide,  which  may 
be  present  in  certain  qualities  of  the  carbonate,  is  determined  in  2  grms.  of  the  material 
by  dissolving  it  in  water  and  then  adding  10  c.c.  of  barium  chloride  solution  (1  :  10)  ;  the 
whole  is  then  diluted  with  hot  water  to  100  c.c,  shaken,  and  allowed  to  settle  in  a  clofed 
bottle  :  60  c.c.  of  the  clear  solution  are  then  withdrawn  and  titrated  with  a  normal  solution 
of  HCl  in  presence  of  methyl  orange,  and  the  alkalinity  thus  found  is  calculated  as  NaOH 
and  deducted  from  the  total  alkalinity  first  found  in  order  to  obtain  the  true  eontent<;  of 
sodium  carbonate. 


SODIUM  DICARBONATE :  NaHCOg  (Sodium  Hydrogen  Carbonate, 
Primary  Sodium  Carbonate^  Sodium  Bicarbonate) 

This  substance  is  formed  on  passing  a  current  of  CO2  and  steam  over  soda  maintained 
at  a  temperature  of  80°  :  COgNaa  +  CO2  +  H2O  =  2C03HNa  ;  or  by  passing  COj  into  a 
concentrated  soda  solution. 

It  is  obtained  industrially  in  the  manner  already  described  as  the  first  product  in  the 
manufacture  of  ammonia  soda,  but  in  this  case  it  always  retains  small  quantities  of 
ammoniacal  salts,  and  must  therefore  be  recrystallised  from  water  for  certain  purposes.  It 
crystallises  without  water  of  crystallisation  in  small  monoclinic  tablets  soluble  in  lO  parts 
of  water  in  the  cold,  and  the  solution  has  a  weakly  alkaline  reaction.  The  dry  salt  decom- 
poses even  below  100°,  forming  COg.  On  boiling  the  solution  a  portion  only  of  the  COj 
is  first  evolved,  forming  sodium  sesquicarbonate,  COaNa  +  COsHNa  +  2H2O,  which  ii? 
identical  with  the  Tro-na  of  the  Egyptian  lakes,  and  on  continuing  the  evaporation  further 
CO2  is  evolved  and  the  carbonate  alone  remains  :   2NaHC08  •=  CO2  +  H2O  +  COaNa,. 

from  the  followiog  table,  where  the  mean  prices  of  the  prime  materials  at  the  localities  where  it  la  manufac- 
tured are  taken: 

Coal  at  B».  per  ton 
Limestone  at  2s.  per  ton 
Salt  (NaCl)  at  14«.  5d,  per  ton 
Pyrites  and  nitrate  for  H,S04 
Ammonium  chloride  Qoss)  . 
Labour  and  staiT 
Interpi^t  and  amortisation 

Recovery  of  hydrochloric  acid  and  sulphur 
Cost  price    •        . 


Leblano  Soda 

SOLYAY  SODA 

Tons 

«.    d. 

Tons 

9.     d. 

0-4 

3     2-5 

0-210 

1     8-2 

0176 

4-2 

0166 

403 

0160 

2     1-9 
2     7-7 

0220 

3     20 

0005 

1     6-8 

2     20 

1     1*4 

1     2-5 

1     0 

11     9" 

2    61 

0    80 

9- 
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Sodium  bicarbonate  is  used  for  the  washing  of  sUk  and  wool  of  fine  quahty ;  aleo 
u  medicine  and  in  the  preparation  of  effervescing  drinks.  The  crude  commercial  product 
costs  about  £8  per  ton  and  when  refined  £10  per  ton,  whilst  the  chemically  pure  product 
costs  £16  ley*.  Italy  imported  1630-2  tons  in  1904  of  the  value  of  £12,240,  and  1308-4  in 
1908,  which  came  from  England.  England  exported  23,000  tons  in  1909  and  Germany 
1227  tons. 

SODIUM  PHOSPHATES 

These  are  less  soluble,  and  crystallise  better  than  the  potassium  phosphates  : 
(a)  TRISODIUM  PHOSPHATE  :  NagPOA  (Basic  or  Tertiary  Phosphate).  This  is 
formed  on  saturating  1  mol.  of  phosphoric  acid  with  3  mols.  of  sodium  hydroxide  and 
crystallises  in  six-sided  prisms  with  12  mols.  of  water.  The  aqueous  solution  has  a  weakly 
alkaline  reaction  and  absorbs  carbon  dioxide  from  the  air  because  it  is  largely  dissociated 
hvdrolytically  into  disodium  phosphate  and  NaOH. 

(6)  DISODIUM  PHOSPHATE :  Na2HP04  (Neutral  Phosphate,  Secondary  Phos- 
phate, or  Common  Sodium  Phosphate).  This  compound  is  ordinarily  employed  for 
various  chemical  reactions  because  it  is  the  most  stable  phosphate.  It  is  obtained  from 
dicalcium  phosphate  on  precipitating  the  calcium  with  sodium  carbonate  : 

P04HCa  +  COgNag  =  COsCa  +  P04HNa2. 

It  is  prepared  on  the  large  scale  directly  from  bone  ash  or  phosphorite  by  digesting  it 
for  several  days  with  dilute  H2SO4,  by  which  means  a  solution  of  phosphoric  acid  and  mono- 
calcium  phosphate  is  formed  ;  this  is  then  concentrated  in  order  to  separate  the  gypsum 
completely,  filtered,  diluted,  and  neutralised  with  Na2C08,  in  order  to  separate  all  the  remain- 
ing calcium.     On  concentrating  the  filtered  solution  the  neutral  phosphate  crystallises  out. 

It  crystallises  from  cold  aqueous  solutions  with  I2H2O  in  large  monoclinic  prisms 
which  easily  effloresce  in  the  air  ;  from  solutions  of  a  temperature  higher  than  30°  it 
crystallises  with  7H2O  and  does  not  then  effloresce  in  the  air.  It  dissolves  in  4  parts 
of  water  and  the  aqueous  solution  has  a  weakly  alkaline  reaction.  On  passing  a  little 
carbon  dioxide  through  the  solution  it  acquires  an  amphoteric  reaction,  that  is,  it  simul- 
taneously shows  both  acid  and  alkaline  reaction,  reddening  blue  litmus  paper  and  turning 
red  litmus  paper  blue  in  the  same  manner  as  milk. 

It  melts  at  about  300°  after  losing  its  water  of  crystallisation,  and  is  then  transformed 
into  sodium  pyrophosphate,  Na4P207,  which  crystallises  with  IOH2O,  and  is  converted 
into  monosodium  phosphate  on  boiling  it  with  HNOs. 

Oystallised  commercial  disodium  phosphate  costs  £8  per  ton,  whilst  the  refined  product 
costs  £14  and  the  anhydrous  product  about  four  times  as  much.  It  is  used  in  the  pre- 
paration of  enamels,  in  tinning  and  soldering,  and  also  as  a  weighting  material  in  the 
dyeing  of  textile  fibres  ;  it  is  also  used  in  medicine.  Italy  produced  250  tons  in  1906  and 
600  tons  in  1907  of  the  value  of  £5640. 

(c)  MONOSODIUM  PHOSPHATE  :  NaH2P04  (Primary  Phosphate  or  Acid  Phos- 
phate). This  product  is  obtained  as  stated  above,  and  crystallises  with  one  molecule 
of  water  which  it  loses  at  100°.  The  aqueous  solution  has  a  weakly  add  reaction.  At 
200°  it  is  transformed  into  disodium  pyrophosphate,  Na2H2P207,  and  this  at  240° 
forms  sodium  metaphosphate  :  P207H2Na2  =  H2O  +  2P03Na ;  but  other  compounds  are 
also  formed  according  to  the  conditions  of  heating  by  condensation  of  one  or  more 
molecules  of  sodium  metaphosphate,  for  example,  Na2P20e,  &o. 

The  molten  metaphosphate  dissolves  metallic  oxides  forming  orthophosphatei0 : 
POjNa  +  CuO  ==  P04NaCu.  According  to  the  natiure  of  the  metallic  oxide  variously 
coloured  phosphates  are  so  formed  and  are  characteristic  of  the  individual  metals 
{phosjihate  beads,  which  are  used  in  chemical  analysis). 

SODIUM  BORATE.  The  most  stable  of  the  borates  is  Sodium  Tetra- 
borate, called  Borax,  Na2B407  +  lOHgO,  which  has  already  been  mentioned  in 
connection  with  Boric  Acid.  It  is  found  ready  formed  in  certain  lakes  in  India 
China,  Persia,  and  Thibet,  from  where  it  is  sent  to  Europe  unddr  the  name  of 
iinkal.  The  minerals  containing  boron  were  mentioned  on  p.  404  ;  common 
borax  is  known  in  prismatic  crystals,  Na2B407  +  lOHgO,  and  in  octahedra 
containing  only  5  mols.  of  water  of  cryT9tallisation.QjThe  prismatic  product 
is  prepared  by  adding^boric  acid  to  a  boiling  solutionjof  Jsodium  carbonate 
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(1:1)  and  allowing  it  to  crystallise.  Much  borax  is  now  prepared  from 
Boronatrocalcite  (Tiza),  Na2B407  4-  2CaB407  4-  ISHgO,  which  is  found  in  Chili. 
by  boiling  it  with  soda  or  by  first  preparing  boric  acid  and  then  saturating 
it  with  soda.  Octahedral  borax  is  obtained  by  cooling  a  solution  of  commoii 
borax  of  sp.  gr.  1-26  (30°  B6.)  to  70"",  and  collecting  that  portion  of  the  crA'st^ls 
which  separates  above  a  temperature  of  56°  ;  the  mother  liquors  thea  yield 
ordinary  borax.  Its  solubility  in  water  is  as  follows  :  at  0°  2*83  per  cent.,  at 
20°  7-88  per  cent.,  at  40°  17-90  per  cent.,  at  60°  40-43  per  cent.,  at  80°  76-19 
per  cent.,  and  at  100°  201-4  per  cent. 

According  to  U.S.  Pat.  011,695  (1-909)  by  Bayley,  borax  is  obtained  much  more  economi- 
cally by  mixing  borates  in  molecular  proportions  with  sodium  sulphate  and  heating  to 
redness,  but  not  to  fusion,  in  suitable  rotary  furnaces  similar  to  those  used  for  Leblanc 
soda  (p.  469) ;  after  cooling,  the  borax  is  dissolved  in  water  and  allowed  to  cryBtaUise : 
2Ca2B60n  (colemanite)  +  SNagSO*  =  3CaS04  +  CaO  +  SNagBAO?. 

In  1906  and  1908  M.  G.  Levi  proposed  the  preparation  of  borax  by  electrolysing  two 
tepid  solutions  of  boric  acid  (cathodic)  and  of  sodium  chloride  (anodic)  separated  by  a 
porous  diaphragm  ;  sodium  borate  is  then  formed  at  the  cathode.  The  cathodes  are  formed 
of  lead  and  the  anodes  of  carbon  ;  on  replacing  the  sodium  chloride  by  sodium  sulphate 
smaller  yields  are  obtained.  A  good  crystallisation  of  borax  is  obtained  with  a  very  small 
excess  of  soda.  The  process  may  be  profitable  where  electric  energy  is  cheap.  Horax 
is  used  to  facilitate  the  brazing  of  metals  ;  these  are  joined  in  the  heat  in  presence  of 
borax  by  an  alloy  formed  of  from  2  to  3  parts  of  copper  and  1  part  of  zinc.  Molten 
borax  dissolves  the  metallic  oxides  and  keeps  the  surfaces  clean,  preventing  fiuther  oxida- 
tion, and  the  alloy  thus  comes  into  direct  contact  with  the  polished  surfaces  of  the  metals 
and  brazes  them  firmly  together.  When  brazing  is  imnecessary  the  metals  are  soldered 
with  an  alloy  of  tin  and  lead,  in  which  case  lower  temperatures  are  used,  and  zinc  chloride. 
ammonium  chloride,  colophonium,  or  stearine  are  used  as  cleaning  agents  instead  of 
borax.  Borax  is  used  for  glazing  earthenware,  though  borocalcite  is  now  preferred.  It  is 
also  used  in  the  manufacture  of  anthracene  dyestuffs. 

Refined  borax  costs  £18  per  ton,  and  the  chemically  pure  product  £28  16«.  per  ton 
{see  Boric  Acid,  p.  406).  In  Italy  the  borax  industry  has  undergone  many  fluctuations 
in  the  output ;  from  1100  tons  in  1893  it  fell  to  376  tons  in  1902  ;  shortly  afterwards  the 
conditions  appear  to  have  improved,  and  in  1906  the  production  rose  to  1007  tons,  and  in 
1906  to  1061  tons  ;  in  1907  it  was  881  tons,  and  in  1908  it  returned  to  1026  tons  of  the  value 
of  £16,200  ;  in  1904  the  imports  fell  to  228  tons  (which  was  half  of  that  of  the  previous 
year),  in  1906  to  149  tons,  in  1908  they  rose  to  269  tons,  and  in  1909  they  were  320  tons  of 
the  value  of  £4740.  It  should  be  noted  that  this  product  is  favoiu^d  by  a  protective  tariff 
of  £1  12«.  per  ton.  The  exports  rose  to  164  tons  in  1904  and  607  in  1906,  and  fell  to  30 
in  1908,  rising  again  to  182  tons  in  1909  of  the  value  of  £2686. 

The  United  States  have  become  large  producers  of  borax,  almost  all  of  which  comes  from 
California,  and  in  1904  the  production  was  46,747  tons  and  in  1906  46,334  tons  of  the  value 
of  £220,000. 

SODIUM  PERBORATE  :  Na2B408 . lOHgO (or  NaB03.4H20,  which  is  more  stable  in 
the  air).  This  product  is  used  for  the  preparation  of  very  pure  hydrogen  peroxide,  and  its 
aqueous  solution  already  behaves  as  H202»  evolves  oxygen  at  40°,  and  is  used  as  a  verj- 
effective  antiseptic  for  the  cure  of  sores.  Jaubert  (Ger.  Pats.  193,669  and  207,580)  pre- 
pares the  perborate  by  mixing  248  grms.  of  boric  acid  with  78  grms.  of  sodium  peroxide, 
and  pouring  the  mixture  slowly  into  two  litres  of  cold  water  acidified  with  H2SO4  ;  the 
crystals  which  separate  are  washed  with  alcohol  and  dried  at  60°  ;  the  solubility  in 
water  is  about  2  per  cent. 

According  to  Ger.  Pat.  218,669,  the  perborate  is  prevented  from  decomposing  easily 

during  its  formation  by  replacing  the  sulphuric  acid  or  hydrochloric  acid  by  carbon  dioxide, 

which  does  no  harm  even  if  present  in  excess.     150  kilos  of  sodium  peroxide  are  added 

to  200  kilos  of  water,  avoiding  any  riee  of  temperature  by  the  addition  of  ice.     150  kilos 

of  boric  acid  are  then  added  and  chimney  pasos  freed  from  dust  are  passed  through  the 

N 
liquid  until  60  c.c.  of  the  filtered  solution  only  decolorise  5  to  10  c.c.  of  an  -  solution  of 

permanganate  which  has  been  acidified  with  sulphuric  acid. 
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In  order  that  the  perborate  may  be  capable  of  storage  it  is  necessary  to  use  pure  prime 
niaterials  and  thus  to  obtain  a  well -crystallised  product  as  is  efifected  by  Girscwald  (Ger. 
T^at.  204,279)  by  working  with  a  not  too  concentrated  alkaline  solution  and  iinally 
completing  the  reaction  by  saturating  tl  c  mother  liquors  with  sodium  chloride.  It  is  also 
Tiecossary  to  maintain  a  low  temperature  diuring  the  entire  operation. 

It  is  now  used  for  bleaching  in  common  with  magnesium  perborate. 

It  costs  from  2s.  5d,  to  3^.  2Jrf.  per  kilo  (p.  237) ;  it  preserves  its  activity  well  when 
crystallised,  and  is  very  much  used  in  works  to-day  as  a  cleaning  and  bleaching  agent, 
instead  of  sodium  peroxide,  &c.     It  is  also  mixed  with  soap. 

SODIUM  SILICATE  (Soluble  Glass,  Soluble  Soda  Glass,  Water  Glass). 
This  compound  was  discovered  in  the  Middle  Ages  by  Van  Hehnont,  but 
its  preparation  was  precisely  described  by  J.  V.  Fuchs  in  1825.  It  was 
fircit  employed,  however,  in  the  first  half  of  the  past  century.  It  is 
similar  to  potassium  silicate,  and  is  obtained  by  melting  45  parts  of  powdered 
quartz  with  23  parts  of  calcined  soda  and  25  parts  of  powdered  coal  in  rever- 
bcratory  furnaces  or  in  crucibles.  After  the  molten  mass  has  cooled  it  is 
jjovvdered  and  dissolved  in  56  vols,  of  water  with  the  aid  of  steam  in  autoclaves 
provided  with  stirrers,  at  high  temperature^  and  under  pressure.  A  heavy 
solution  is  thus  obtained  which  is  ready  for  sale.  It  is  also  prepared  from 
100  parts  of  siliceous  sand,  60  parts  of  sodium  sulphate,  and  15  to  20  parts 
of  powdered  wood  charcoal ;  whilst  in  the  primitive  furnaces  with  direct  flame 
1*5  kilos  of  coal  were  used  for  every  kilo  of  silicate  produced,  to-day  with 
the  Siemens  regenerative  furnace  (which  see)  the  consumption  of  coal  is  only 
0-29  kilo.  A  double  siUcate  of  sodium  and  potassium  is  also  known  and  used  ; 
this  is  more  fusible  than  simple  silicates  of  sodium  or  potassium. 

When  the  resulting  molten  sodium  silicate  has  a  brown  colour  due  to  the 
formation  of  NajS  this  may  be  eliminated  by  passing  a  current  of  air  through 
the  molten  mass  or  by  adding  copper  or  lead  oxide  to  the  solution. 

Soluble  glass  must  be  kept  in  closed  vessels  because  the  carbon  dioxide  of 
the  air  decomposes  it  with  8e2)aration  of  gelatinous  silicic  acid. 

In  the  solid  state  its  composition  varies  between  Na20.4Si02  and 
Na20.2Si02,  and  its  solubility  increases  with  diminution  of  the  silica.  Its 
greenish  colour  is  due  to  impurities  containing  iron.  Solid  sodium  silicate 
does  not  keep  in  the  air  so  well  as  potassium  silicate. 

It  slowly  dissolves  in  cold  water  and  the  solution  contains  more  alkali  than 
the  part  which  is  still  undissolved. 

Soluble  glass  is  used  to  render  objects  which  have  been  impi-egnatcd  with  it 
more  resistant  to  fire.  It  is  used  as  anadhesivx*  for  glass,  porcelain,  stone,  &c. 
It  is  much  employed  for  adulterating  (weighting)  soap  and  in  stereochromy  as 
a  medium  for  mineral  pigments  (zinc  white  and  yellow,  chrome  green,  &c.).  It 
is  also  used  in  dyeing  as  a  weak  alkali. 

Sodium  silicate  is  placed  on  the  market  in  solutions  of  38"^  to  40"  Be.  at  a  price  of  £2  16^. 
to  £3  12«.  per  ton  ;  of  50°  to  55°  B^.  at  £3  4s.  to  £4  per  ton,  and  the  solid  at  £4  to  £4  I65. 
per  ton.  A  commercial  silicate  of  33"^  B6.  yielded  on  analysis  23-3  per  cent,  of  SiOg, 
(i'7  per  cent,  of  NogO,  1-7  per  cent,  of  chlorides  and  sulphates,  and  67-6  per  cent,  of  water. 
A  sample  of  40^^  B6.  contained  26-1  per  cent,  of  SiCj,  9-8  per  cent,  of  NugO,  1-7  per  cent, 
uf  impurities,  and  62-4  per  cent,  of  "water. 

In  Italy  2100  tons  of  liquid  sodium  silicate  were  prcduccd  in  1893,  more  than  7000 
tons  in  1900,  3720  tons  in  1905,  and  5270  tons  in  1908,  of  the  value  of  £16,890.  In  1904 
1523*3  tons  of  liquid  sodium  silicate  were  imported  at  £2  16«.  per  ton  and  2325-4  tons  of 
the  solid  silicate  at  £4  Ss.  In  1908  the  imports  were  2700  tons  of  liquid  silicate  of  the 
value  of  £6480  and  3650  tons  of  solid  silicate  of  the  value  of  £14,600  ;  in  1909  they  were 
2650  tons  of  liquid  and  2250  tons  of  solid. 

In  1893  Germany  exported  4400  tons  of  silicate,  and  in  1905  11,6<  0  ton.«. 

I  31 
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SODIUM  AZIDE :  NaN,.  This  substance  is  obtained  from  organic  compounds  or 
preferably  by  heating  sodium  amide  in  a  current  of  nitrous  oxide  at  200°  : 

NHgNa  +  NgO  -  NjNa  +  HgO. 

Its  aqueous  solution  has  a  weakly  alkaline  reaction  {see  pp.  327-328). 

CHARACTERISTIC  REACTIONS  OF  SODIUM  SALTS.  All  sodium  salts  colour 
the  Bunsen  flame  yellow  and  give  a  brilliant  yellow  line  composed  of  two  lines  very 
close  to  each  other  in  the  spectrum.  With  potassium  pyrantimonite  the  neutral  aaAts  of 
sodium  give  a  white  crystalline  precipitate  of  acid  sodium  pyrantimonate  in  the  cold. 

This  reaction  is  one  of  the  very  few  which  permit  sodium  salts  to  be  distinguished  and 
separated  from  potassium  salts. 

LITHIUM :   Li,  7 

This  is  a  somewhat  rare  clement,  but  is  widely  diffused  in  small  quantities.  It  is 
foimd  in  various  mineral  waters,  for  example,  in  those  of  Salsomaggiore,  which  are  the 
richest  known  in  lithium  and  strontium  ;  also  in  the  ashes  of  many  plants,  especiaJly  in 
those  of  beetroot,  tobacco,  and  tea.  It  is  also  found  in  animal  organisms.  As  silicate, 
combined  with  other  metals,  it  forms  certain  minerals  such  as  lithiferous  mica  (lepidoUte), 
K4Li4(AlF2)3Al4(Si308)(Si04)8 ;  as  phosphate  in  tnphyllite  and  lithiophylliU,  Li(FeMn)P04. 
and  is  also  found  more  abundantly  in  ambligoniU,  Li(AlF)P04. 

It  is  a  soft  metal  with  a  silvery  lustre  and  was  obtained  by  Bunsen  and 
Matthiessen  in  1855  by  the  electrolysis  of  lithium  chloride  or  preferably  of  a 
mixture  of  LiCl  and  KCl.  It  melts  at  108°,  and  has  a  specific  gravity  of 
0*59  (water  =  1) ;  it  is  thus  the  lightest  metal  and  floats  even  on  petroleum 
in  which  it  is  preserved  in  order  to  protect  it  from  ready  oxidation.  It  decom- 
poses water  more  slowly  than  sodium ;  it  bums  at  200°  with  an  intense  white 
light  which  differs  from  that  of  lithium  salts,  which  colour  the  flame  crimson  red 
and  give  a  characteristic  brilliant  red  b'ne  in  the  spectrum  together  with  a  less 
brilliant  orange  line  (see  Spectroscopic  Plate  at  the  commencement  of  this 
volume).  Metallic  lithium  costs  Ss,  2d,  per  gramme,  and  when  chemically 
pure  9«.  Id. 

Lithium  salts  are  similar  to  sodium  salts  and  also  have  certain  resemblances 
to  those  of  magnesium. 

Lithium  bums  intensely  in  an  atmosphere  of  hydrogen  forming  LITHIUM  HYDRIDE, 
LiH,  which  is  a  fairly  stable  white  powder. 

LITHIUM  CHLORIDE,  LiCl,  crystaUises  in  octahcdra  and  is  deliquescent  in  the 
air. 

Lithium  may  be  separated  from  its  noluble  salts  by  means  of  sodium  phosphate  or  sodium 
carbonate  because  it  forms  a  phosphate,  Li3p04  (  +  iHgO),  and  a  ctvrbonate,  Li2C03,  which 
are  almost  insoluble  in  water,  and  in  this  respect  it  resembles  the  metals  of  the  second 
group. 

Certain  salts  of  lithium,  especially  the  carbonate,  and  the  salicylate  to  an  even  greater 
extent,  and  also  mineral  waters  containing  lithium  are  used  in  medicine  as  a  remedy  for 
arthritis,  renal  calculi,  stone  in  the  bladder,  &c.  I^u:e  lithium  carbonate  costs  about 
16«.  per  kilo.  In  the  United  States  1150  tons  of  lithium  minerals  were  treated  in  1903 
of  the  value  of  £4800  and  676  tons  in  1904  of  the  value  of  £1000. 

AMMONIUM 

When  treating  of  ammonia  we  already  noted  that  in  aqueous  solution  it 
may  bo  considered  to  partially  consist  of  a  hydrate  of  ammonia,  NH4.OH', 
resulting  from  the  combination  of  one  of  its  molecules  with  one  molecule  of  water, 
and  that  this  substance  must  be  supposed  to  be  partially  dissociated  into  two 
ions,  the  cation  NH4'  called  ammonium,  which  behaves  in  all  reactions  as  though 
it  were  an  alkaline  metal,  and  the  anion  OH',  which  is  the  cause  of  the  alkaline 
reaction  of  aqueous  ammonia.     Dilute  ammonia  solutions  conduct  the  electric 
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current  less  than  similar  solutions  of  KOH,  thus  showing  that  a  portion  only  of 
the  ammonia  is  present  as  a  hydrate,  which  is  confirmed  by  the  fact  that  the 
tensions  of  ammonia  solutions  follow  Henry's  law  fairly  closely,  and  thus^the 
greater  part  of  the  NH3  is  not  combined  with  H^O.  The  monovalent  ammonium 
ion  forms  numerous  salts  just  as  though  it  were  a  metallic  element,  and  these 
salts  have  very  great  chemical  and  physical  resemblances  to  potassium  salts 
with  which  they  are  ordinarily  isomorphous.  This  ammonium  group  may 
even  be  separated  by  absorption  by  mercury,  with  which  it  forms  an  amalgam 
(a  property  characteristic  of  metallic  elements  only  and  not  of  their  compounds).. 
When,  however,  attempts  are  made  to  isolate  this  ''  ammonium  metal "  it  is 
decomposed  into  NH3  and  H. 

Ammonia  in  aqueous  solution,  being  less  dissociated  than  sodium  and  potas-? 
slum  hydroxides,  forms  an  alkali  or  base  which  is  much  less  energetic,  and  is 
therefore  easily  displaced  by  other  bases  from  its  salts.  Its  basic  action  is 
diminished  in  presence  of  ammoniacal  salts,  because  these  increase  the  number 
of  NH4'  ions  in  solution,  thus  displacing  the  previous  ratio  between  the 
ammonium  NH4*  and  OH'  ions,  a  ratio  on  which  the  basic  power  depends 
(p.  98). 

Ammoniacal  salts  are  solid,  and  are  unstable  on  heating. 

AMMONIUM  CHLORIDE :  NH^Cl  (SAL  AMMONIAC) 

This  compound  was  obtained  by  burning  camel's  dung.  It  is  prepared 
to-day  in  the  same  way  as  ammonium  sulphate  from  the  ammoniacal  liquor 
of  gasworks  {see  Ammonia,  p.  323),  and  attempts  have  also  been  made  to 
obtain  it  by  decomposing  ammonium  sulphate  with  KCl.  It  forms  a  white 
crystalline  substance  of  fibrous  structure  which  sublimes  without  melting. 
It  dissociates  at  350""  into  two  gases,  NH3  and  HCl,  which  reunite  again  on 
cooling  (see  p.  40).  This  dissociation  only  occurs  in  presence  of  small  traces 
of  moisture  which  act  catalyticaUy,  and  since  all  catalysts  which  cause  a  certain 
reaction  are  also  capable  of  producing  the  reverse  reaction  when  external 
temperature  conditions  are  suitably  changed,  in  harmony  with  the  law  of  mass 
and  of  chemical  equilibrium,  on  mixing  completely  dry  ammonia  and  hydro- 
chloric acid  no  combination  occurs  ;  whilst  if  water  vapour  is  present  it  imme- 
diately takes  place  at  temperatures  below  that  of  dissociation. 

Ammonium  chloride  is  very  soluble  in  water  and  the  solution  has  a  weakly 
acid  reaction  because  the  NH4"  ion  hydrolyses  with  the  minimal  quantities  of 
dissociated  hydroxy  1  groups  of  the  water  forming  NH3  and  HgO  and  leaving 
unaltered  H*  acid  ions  of  the  water.  On  heating,  the  solution  loses  part  of 
the  hydrolised  ammonia,  and  thus  its  acid  reaction  is  increased  because  new 
quantities  of  ammonium  cations  NH4'  hydrolyse  forming  further  free  acid  H' 
ions. 

Ammonium  chloride  is  used  in  soldering  because  on  heating  it  liberates 
HCl  which  dissolves  the  oxides  on  the  surface  of  the  metals  (see  Borax, 
p.  480)  ;  it  is  used  in  dyestufE  factories  and  in  calico  printing. 

The  crude  commercial  product  costs  about  £26  per  ton,  and  when  purified 
£32. 

AMMONIUM  FLUORIDE  :  NH4F.  This  compound  is  obtained  by  the  inUraction  of 
HF  and  NH3,  or  alao  by  subliming  a  mixture  of  NH4CI  +  NaF.  It  forms  dehquescent 
crystals  which  readily  attack  glass.  On  heating  a  solution  of  this  salt  a  portion  of  the 
^Hg  ifl  evolved  and  an  acid  ammonium  fluoride,  NH4F.HF,  remains,  which  is  commonly 
used  for  etching  glass.  Pure  ammonium  fluoride  costs  £80  per  ton  ;  the  doubly  refined 
product  costs  £140  per  ton  and  when  chemically  pure  6«.  5rf.  per  kilo. 

It  is  used  as  a  disinfectant  in  the  manufacture  of  spirits,  beer,  &c.,  and  does  not  attack 
metallic  objects  very  much.  It  is  now  more  economicaliy  obtained  in  solution  by 
utilising  the  silicon  fluoride  formed  in  superphosphate  manufacture  (w/iidi  see). 
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AMMONIUM  SULPHATE :  (NHJ,.SO, 

The  preparation  of  this  salt  has  been  akeady  described  when  discussing 
ammonia  (p.  323) ;  it  forms  a  white  mass  of  crystals  which  are  isomorphous 
with  those  of  potassium  sulphate.  It  melts  at  140°  and  then  decomposes  in 
the  same  manner  as  all  ammonium  salts  of  polybasic  acids,  forming  ammonia 
and  acid  ammonium  sulphate,  NH4HSO4.  It  is  very  soluble  in  water  (in  an 
equal  weight  at  100°),  and  the  solution  is  slightly  hydrolysed  in  the  same 
manner  as  ammonium  chloride  solutions.  The  process  of  Addie  and  Mond  for 
absorbing  ammonia  in  the  distillation  of  coal,  peat,  &c.  (p.  326),  by  washing 
the  gas  with  sulphuric  acid  was  improved  according  to  Eng.  Pat.  20,870  of 
1904,  U.S.  Pat.  845,332,  and  Ger.  Pat.  181,846  of  1909.  According  to  these 
patents  the  gas  is  cooled  to  the  condensation  point  of  the  tar,  which  is  then  con- 
densed ;  the  gas  is  then  passed  through  a  separator,  reheated,  and  the  ammonia 
absorbed  by  sulphuric  acid.  Collet  and  Eckardt  (1910)  proposed  the  prepara- 
tion of  ammonium  sulphate  by  passing  a  stream  of  SOg  +  NH3  +  air  into 
water.  The  ammonium  sulphite  which  is  thus  formed  is  transformed  into 
ammonium  sulphate  by  the  action  of  the  air ;  similarly  by  treating  calcium 
cyanamide  in  the  heat  with  SO2  and  steam  soluble  ammonium  sulphite  is 
obtained  which  is  then  oxidised,  and  insoluble  calcium  sulphite  remains  : 

CaCNa  +  2SO2  +  ^HaO  =  CaSOa  +  COj  +  S08(NH4)2. 

It  is  used  in  artificial  manure  at  a  price  of  £14  per  ton,  and  is  obtained  almost  exclusively 
in  gas  manufacture.  In  1860  the  world's  production  was  only  10,000  tons,  but  this  rose 
to  493,000  tons  in  1900  of  the  value  of  £5,200,000  ;  and  in  1903  it  exceeded  576,000  tons 
of  the  value  of  £6,000,000  ;  in  1906  it  was  759,000  tons,  in  1907  ^60,000  tons,  in  19<)8 
800,000  tons,  and  in  1909  more  than  900,000  tons.  The  production  of  the  various  countries 
is  seen  in  the  foUowing  Table  : 

England 

Germany    . 

United  States 

France 

Belgium 

Holland 

Austria-Himgary 

Italy 

Spain 

Italy  is  continuously  increasing  her  imports  of  ammonium  sulphate  for  agricultural 
purposes.  In  1904  they  were  5370  tons,  in  1904  6975  tons,  in  1906  9738  tons,  in  1907 
14,940  tons,  in  1908  16,700  tons,  and  in  1909  18,915  tons,  of  the  value  of  £246,896.  In 
1907  100  tons  of  ammonium  sulphate  were  produced  from  the  boric  soffioni. 

England  exported  145,000  tons  in  1900,  162,000  tons  in  1903,  201,400  tons  in  1906, 
235,000  tons  in  1908,  and  264,000  tons  in  1909. 

The  exports  in  1908  were  distributed  as  follows  :  24,000  tons  to  France,  24,500  tons  to 
Germany,  9000  tons  to  Belgium,  51 ,600  to  Spain  and  Portugal,  7300  to  Italy,  7400  to  Holland, 
39,000  to  Japan,  29,000  to  the  United  States,  &c. 

Of  the  ammonium  sulphate  produced  in  England  in  1908  168,000  tons  were  produced 
n  gasworks,  20,000  tons  in  blast  furnaces,  52,000  tons  from  the  distillation  of  shales, 
and  85,000  tons  from  coke-ovens  and  producers  (in  1898  only  11,000  tons  were  produced 
from  coke-ovens  and  producers). 

In  1905  Germany  imported  48,000  tons  of  ammonium  sulphate  and  exported  27,559 
tons  at  £12  10«.  per  ton ;  in  1908  it  imported  47,000  tons  and  exported  73,000  tons ;  in  19(K) 
it  imported  58,000  tons  and  exported  58,000  tons. 

On  electrolysing  ammonium  sulphate.  Ammonium  Persulphate  (NH4)2S208,  is  obtained 
and  is  now  employed  commercially  as  an  oxidising  agent,  because  on  heating  in  aqueous 


1903 

1006 

1907 

1908 

tons 

tons 

tons 

tons 

234,000 

283,000 

316,000 

325,000 

140,000 

267,000 

287,000 

313,000 

75,000 

82,000 

44,000 

49,000 

52,700 

57,600 

35,000 

26,000? 

20,000? 

40,000? 

— 

20,000? 

30,000 

55,000 

3,685 

4,820 

5,058 

5,346 

10,000 

— 

20,000 
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solution  it  forms  ammonium  sulphate,  sulphuric  acid,  and  oxy^,cui  [see  Persulphuric  Acid, 
pp.  286  and  466).     It  is  used  for  the  preparation  of  other  persulphates. 

AMMONIUM  NITRATE  :  NO3NH4,  is  very  deliquescent,  melts  at  159°,  has  a  bitter 
taste,  and  decomposes  above  170°  into  2H2O  and  N2O.  This  is  not  a  simple  dissociation, 
bfKjause  on  cooling  this  mixture  the  original  product  is  not  regenerated  as  in  the  case  of 
ammonium  chloride.  , 

It  is  obtained  by  saturating  nitric  acid  with  gaseous  ammonia  or  ammonium  carbonate 
and  on  evaporating  the  solution  large  crystals  are  thus  formed  which  absorb  heat  when 
dissolved  in  water.  According  to  Ger.  Pat.  178,620  and  Norwegian  Pat.  19,410  of  1908, 
it  may  be  prepared  by  mixing  a  solution  of  calcium  nitrate  with  excess  of  ammonia  and 
passing  carbon  dioxide  through  the  liquid  : 

Ca(N08)2  +  2NH4OH  +  CO2  =  CaCOa  +  2NH4NO3  +  HgO. 

It  may  also  be  obtained,  according  to  Ger.  Pat.  184,144,  from  ammonium  sulphate 
and  excess  of  sodium  nitrate,  either  in  solution  or  by  fusion. 

It  is  used  in  freezing  mixtures  and  for  the  preparation  of  explosives,  which  may  be 
handled  without  danger  because  they  do  not  easily  catch  fire.     It  costs  £40  per  ton. 

AMMONIUM  NITRITE  :  NH4NO2.  This  compound  is  formed  by  the  action  of  an 
electric  discharge  on  moist  air.  It  forms  a  crystalline  dehquescent  mass  which  decomposes 
on  heating  or  even  in  hot  concentrated  solution  into  2H2O  +  N2,  with  evolution  of  heat, 
so  that  it  is  not  possible  to  recombine  the  products  of  the  decomposition  by  pressure,  as 
the  reaction  is  exothermic.  In  this  case  also  the  phenomenon  is  not  one  of  dissociation 
as  is  the  case  in  the  formation  of  sodium  hydride. 

N— O— NH4 

AMMONIUM  HYPONITRITE  :  ||  is  obtamed  from  gaseous  NH,  and  an 

N— 0— NH4 
ethereal  solution  of  hyponitrous  acid  ;  it  melts  at  64°  with  decomposition. 

AMMONIUM  CARBONATE:  C08(NH4)2.  This  compound  forms  a  transparent 
crystalline  mass  which  sublimes  at  60°,  is  rather  unstable,  and  is  obtained  together 
with  ammonia  from  AMMONIUM  BICARBONATE :  CO3HNH4,  or  acid  ammonium 
carbonate,  which  is  more  stable  and  is  formed  from  aqueous  ammonia  and  CO2  or  also 
from  gaseous  ammonia  with  CO2  and  steam.  It  is  commonly  prepared  by  the  sublimation 
of  a  mixture  of  equal  parts  of  calcium  carbonate  and  ammonium  sulphate  with  addition 
of  one-eighth  part  of  powdered  wood  charcoal.  It  is  easily  found  already  formed  in  the 
commercial  sesquicarbonate,  which  is  a  mixture  of  one  part  of  ammonium  carbonate  with 
two  parts  of  the  bicarbonate  and  a  little  ammonium  carbamate,  NH2.C02-NH4. 

It  is  used  in  the  manufacture  of  dyestuffs,  for  the  degreasing  of  fabrics  and  in 
medicine. 

It  costs  £40  per  ton.  It  is  mainly  manufactured  in  England  and  Germany  and  in 
1908  673-2  tons  were  imported  into  Italy.  The  sesquicarbonate  is  obtained  by  heating  a 
mixture  of  ammonium  sulphate  or  chloride  with  calcium  carbonate. 

AMMONIUM  PHOSPHATES.  Normal  triammonium  phosphate  is  not  known 
because  it  is  not  stable,  although  phosphoric  acid  is  tribasic  ;  mono-  and  di-ammonium 
phosphates  of  httle  importance  are  however  known. 

SODIUM  AMMONIUM  PHOSPHATE  (Secondary  Phosphate):  P04NaH.NH4 
(Phosphorus  Salt  or  Microcosmic  Salt).  This  is  the  most  important  of  the  various 
ammonium  phosphates  and  is  found  in  guano  and  in  fermented  urine.  It  is  obtained  by 
crystallising  a  mixture  of  disodium  phosphate  and  ammonium  chloride  : 

Na2HP04  -I-  NH4a  =  NaHNH4.P04  -1-  NaQ. 

On  melting,  it  loses  water  and  ammonia,  forming  a  vitreous  mass  of  sodium  metaphosphate, 
which  when  fused  dissolves  various  metallic  oxides  forming  metallic  orthophosphatcs 
which  are  variously  coloured  according  to  the  nature  of  the  metal  (phosphate  bead). 

AMMONIUM  SULPHIDE  :  (NH4)2S.  This  compound  is  obtained  from  HgS  and  NH3 
at  —  18°,  but  at  ordinary  temperatures  even  in  aqueous  solution  it  decomposes  to  form 
NH3  -f  NH4SH  (ammonium  hydrosulphide).  At  45°  it  dissociates  into  2  vols,  of  NH, 
and  1  vol.  of  H2S.  On  passing  hydrogen  sulphide  into  a  concentrated  solution  of  ammonia 
until  this  is  completely  saturated,*  a  solution  of  ammonium  hydrosulphide,  NH4SH,  is 

In  ordw  to  Miily  detennlne  whether  a  liquid  li  saturated  with  a  gas  8  to  10  c.e.  are  placed  In  a  test-tube 
t&d  the  lipoid  ia  t|ien  shaUcen  itronf^ly  after  dosing  the  month  of  the  test-tub^  with  the  thumb.    If  pressure  i» 
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obtained  and  if  the  same  volnme  of  ammonia  as  was  first  employed  is  rdJed  to  this  a  solut  ion 
of  normal  ammonium  sulphide,  (NH4)2S,  is  obtained. 

AMMONIUM  HYDROSULPHIDE  :  (NH4)SH.  This' compound  is  obtained  in  a 
crystalline  condition  by  passing  a  current  of  H2S  into  an  alcoholic  solution  of  ammonia. 
The  aqueous  solution  obtained  as  described  above  becomes  yellow  on  standing  in  the  air, 
because  the  hydrogen  sulphide  which  is  formed  by  hydrolysis  oxidises  in  the  air  with  Repara- 
tion of  sulphur,  and  this  dissolves  in  the  ammonium  hydrosulphide,  forming  ammoninm 
poly»ulphides,  (NI'[4)2Sj^f  which  are  also  obtained  directly  by  heating  ammonium  hydro- 
sulphide  with  sulphur.  The  pure  solid  hydrosulphide  dissociates  at  45°  into  1  vol.  of 
NHs  +  1  vol.  of  HgS. 

The  solution  of  the  hydrosulphide  is  used  in  the  laboratory  in  analysis  for  the  pre- 
cipitation of  metallic  sulphides  which  cannot  be  separated  otherwise  because  they  are 
soluble  in  acids.  The  yellow  hydrosulphide  is  used  for  dissolving  those  metallic  sulphides 
which  are  capable  of  forming  thionic  acids  which  form  soluble  ammonium  salts.  Ammonium 
sulphide  is  used  in  organic  chemistry  as  a  reducing  agent. 

GENERAL  REACTIONS  OF  AMMONIUM  SALTS.  They  are  all 
volatile  and  decompose  on  heating  ;  the  other  bases  (alkalis  or  alkali  earth.s) 
drive  off  ammonia  from  solutions  of  ammonium  salts  on  heating. 

Chloroplatinic  acid  gives  a  yellow  crystalline  precipitate  of  ammonium 
chloroplatinate,  (NH4)2PfcC51,j,  only  slightly  soluble  in  water,  with  ammonium 
salts.  Excess  of  tartaric  acid  also  forms  a  slightly  soluble  acid  ammonium 
tartrate. 

SECOND  GROUP  OF  THE  METALS 

These  are  all  divalent,  and  are  divided  into  three  sub-groups,  in  accordance 
with  certain  analogies  in  their  chemical  and  physical  properties  : 

(a)  Calcium,  Strontium,  Barium  ;  (b)  Glucinum,  Magnesium  ;  (c)  Zinc, 
Cadmium,  and  Mercury. 

ALKALI  EARTH  METALS 

Ca,  40.09  ;    Sr,  87.6  ;    Ba,  137-37 

These  metals  are  thus  called  because  on  the  one  hand  their  oxides  are  similar 
to  those  of  the  alkali  metals,  and  present,  on  the  other  hand,  certain 
similarities  to  the  earths  (alumina,  &c.). 

With  increase  of  the  atomic  weight  and  atomic  volume  their  basicity 
ncreases  ;  thus  the  derivatives  of  barium  are  more  stable  than  those  of  calcium, 
which  is  also  in  harmony  with  their  heats  of  formation.  They  also  combine 
directly  with  nitrogen,  forming  nitrides,  in  common  with  lithium  and 
magnesium. 

They  are  easily  distinguished  from  the  alkali  metals  because  they  form 
insoluble  carbonates,  sulphates,  and  phosphates.  They  have  no  great  affinity 
for  oxygen,  although  they  cannot  be  obtained  in  the  free  state  by  reducing 
their  oxides  with  carbon  because  these  oxides  only  melt  at  extremely  high 
temperatures  in  the  electric  furnace,  and  at  such  temperatures  the  alkali 
earth  metals  which  are  liberated  immediately  react  with  carbon  to  form 
carbides. 

CALCIUM :   Ca,  40.09 

This  compound  is  very  abimdant  and  widely  diffused  in  nature,  especially 
as  calcium  carbonate  in  the  form  of  marble,  chalk,  calcspar,  &c.  ;  as  phosphate 
in  phosphorite  ;  as  sulphate  in  gypsum,  anhydrite  and  alabaster  ;  as  fluoride 
in  fluorspar  ;  as  a  pure  silicate,  CaSiOg,  in  luoUastonite,  &c.,  and  also  abounds 

pioduoed  in  the  tabe,  which  is  easily  obBerved  on  lilting  the  thumb,  it  is  a  sign  that  the  Uqald  was  latorated,  bat 
lootion  ii  prodaoed,  this  was  not  the  oaa^. 
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a«  a  component  of  various  other  rocks  ;  it  is  also  found  in  all  vegetable  and 
miiinal  oi^aniHins,  in  egg-shells,  sea-shells,  &c. 

Calcium  was  diBcovered  !>y  Davy  in  1808,  and  was  pi'epared  iTi  the  pure 
s'fcate  by  Bunsen  in  1855.  Moissan  obtained  it  later  by  heating  calcium  iodide 
to  a  dark  red  heat  with  an  excess  of  sodium,  which  also  served  to  (liasolve  the 
metallic  calcium  as  it  was  formed.  After  cooling,  the  sodium  was  separated  and 
dissolved  in  absolute  alcohol,  and  calcium  thus  remained  in  the  form  of  a  lustrous 
crystalline  powder.  Metalhc  calcium  is  now  obtained  by  the  process  of  Ruff 
and  Plato  (Ger.  Pat.  153,731)  by  electrolysing  at  800"  a  mixture  of  100  parts 
of  CaClg  and  16  parts  of  CaFj,  which  melts  at  660° ;  graphite  is  used  as  the  anode 
and  an  iron  wire  as  the  cathode,  pure  calcium  of  99-3  per  cent,  being  deposited 
on  the  latter.  Other  electrolytic  processes  are  given  in  Ger.  Pats.  144,667  and 
155,453. 

In  dry  air  metallic  calcium  keeps  fairly  well,  but  in  moist  air  it  becomes 
covered  with  a  layer  of  hydroxide.     Calcium  decomposes  water  in  the  cold 
■with  considerable  evolution  of  energy.     It  has  a  silvery  lustre,  which  is  slightly 
yellowish  in  shade.    Its  specific  gravity  is  1-83,  and  it  is  harder  than  tin.     It 
has  a  great  absorbent  power  for  gases  and  can  be  used  for  the  production  of  a 
vacuum  in  various  media.     It  melts  at  a  red  heat 
(760°)  and  bums  with  an  orange-red  flame.     Its 
vapours  combine  readily  with  oxygen  and  nitrogen. 
One  gramme  of  calcium  once  coat  17a.  6d.  ;  it  is 
now  prepared  industrially  at  9a.  7d.  to  12a.  per  kilo, 
and  is  employed   in  metallurgy  for  removing  the 
last  traces  of  carbon  from  alloys  and  metals   by 
melting  them  with  a  little  calcium.     It  serves  as 
a  good  reducing  agent  in  organic  chemistry  and 
is  used  instead  of    magnesium  in  Grignanl's  re- 
action.   Certain  metallic  alloys  containli^  calcium 
are  of  special  interest. 

CALCIim  NITRIDE  :  CaaNj.     This  ia  a  bro«-n  sub-  F,,,  202. 

stance  which  is  obtained  by  heating  calcium  to  a  red  heat 
in    a   current   of   nitrogen  ;    it    is   decomposed    by  water,  forming    calcium   hydroxide 

CAIXIUM  HVDRIDE  :  CaH^.  This  compound  is  formed  in  the  cold,  but  the  reaction 
proceeda  more  rapidly  on  heating  by  the  direct  interaction  of  Ca  uid  Hj,  It  is  a  grey 
powder  which  deoompoacs  water  energetically  with  evolution  of  hydrogen,  and  it  has 
therefore  been  proposed  for  filling  balloons. 

CALCIUM  OXIDE  :  CaO  (QUICKLIME) 
The  practical  importance  of  this  substance  is  universally  known.  The 
chemicaUy  pure  product  is  obtained  in  the  laboratory  by  heating  pure  calcium 
nitrate  or  carbonate  to  redness.  Industrially  limestone  is  used  ;  this  forms 
lai^e  deposits  and  is  often  found  as  pebbles  in  river  beds.  On  heating  this 
limestone  in  intermittent  or  continuous  kilns  to  about  1000°  all  the  COj  of  the 
carbonate  escapes  and  CaO  remains.     In  order  to  dissociate  1  kilo  of  CaCOj, 

425  Cals.  are  required,  and  since  1  kilo  of  coal  produces  8000  Cals.  ' ,  t.e, 

5-3  kilos  of  coal  will  be  theoretically  required  in  order  to  decompose  100  kilos 
of  calcium  carbonate  into  CaO  +  CO^.  But  in  practice  the  best  lime-kilns 
(those  of  Hoffmann,  Dietzsch,  &a.)  use  about  10  to  12  kilos  of  coal. 

The  tj^  of  kiln  which  was  mostly  used  in  the  past  was  distinguished  by  its  simple 
construction,  aad  consisted  of  on  open  chaimel  formed  of  brickwork  which  was  filled  from 
above  (Fig.  2t)2).  Large  pieces  of  limestone  were  first  orraaged  to  form  an  arch,  which 
was  tempcvarily  sapport«d  by  wood,  on  which  smaller  [neoee  were  heated.    The  fuel  waa 
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hunit  at  tho  Iiiwit  part  of  th*-  fiirnacc.  but  thp  heat  was  not  well  utilised,  and  500  tofWKi 
kiloB  of  wood  were  usod  per  cubic  metre  of  lime,  whieh  weighed  I40<)  to  160(1  kilos  ;  each 
operation  producing  10  to  20  cu,  motres  of  lime  takes  from  40  to  45  hours.  It  is  finished 
when  the  ItmcHtonc  blocks  haro  become  white  liot,  and  have  somewhat  decreased  in  volume 
(about  one-aixth).  The  kiln  is  then  allowed  to  cool  for  twelve  hours,  is  discharged  at  (he- 
lower  part  whieii  has  served  as  a  hearth,  and  is  again  recharged. 

A  furnace  for  continuous  work  in  wliioh  the  heat  is  better  utilised  and  the  carbon 
dioxide  recovered  is  illustrated  in  section  and  perspi'ctive  in  Fig.  203,  in  which  the  hcsting 
is  produced  by  three  lateral  hearths  with  a  grate,  F,  which  alternate  with  tliree  discharging 
openings,  8.  The  limestone  is  charged  in  above  from  cars  by  means  of  inclined  planes 
or  elevators,  through  the  mouth,  B,  which  is  immediately  closed  so  that  the  carbon  dioxide 
may  be  collected  in  the  upper  tubes,  C  ;  the  progress  of  the  burning  of  (he  lime  is  watched 
by  observing  the  rod-hot  limestone  through  the  windows,  g,  and  the  temperature  and  the 
draught  are  regulated  by  means  of  the  damper.  D. 


Another  form  of  continuous  kiln,  much  used  in  sugar  factories,  where  both  the  lime 
and  the  carbon  dioxide  are  utilised,  is  sho«-n  in  Fig.  204.  In  this  there  are  no  lateral 
hearths,  but  it  is  charged  from  obovo  witli  a  mixture  of  limestone  and  coke  which  is  raited 
in  cars,  Y,  by  the  elevator.  E  ;  the  kiln,  F,  is  formed  of  a  sheet-iron  shell  of  eonieat  form 
constricted  bdow  and  lined  inttmally  by  a  layer  of  firebrick.  The  whole  of  the  furnace 
is  raised  above  the  ground,  and  supported  by  cast-iron  columns,  K.  The  whole  weight  ol 
the  limestone  and  carbon  with  which  it  is  charged  is  supported  by  the  conically  raised 
floor,  T  ;  the  interval  which  separates  the  lower  mouth  of  the  kiln  from  the  floor  alloani 
the  quicklime  to  be  gradually  removed  and  allows  sufficient  air  for  the  combustion  to  enter. 
The  small  side-windows,  g,  allow  the  progress  of  the  burning  to  be  obse^^■ed.  The  carbon 
dioxide  which  collects  above  is  led  by  the  tube,  C,  to  a  washing  apparatus,  P,  and  then 
posses  through  the  tube,  L.  into  the  exliaust  pump. 

In  certain  coses  the  cirenlar  Hoffmann  furnace  which  is  generally  adopted  in  the  coramir 
industry  is  used  {see  Poreelain).  and  economises  fuel  very  considerably.  There  are  also 
somewhat  complex  gas-fired  kilns  which  we  will  not  describe  here  ;  it  is  said  that  in 
America  rotary  furnaces  have  been  employed,  similar  to  those  used  tor  cement,  which 
require  about  8-5  kilos  of  coal  per  100  kilos  of  limestone. 

The  proportions  of  limestone,  coal,  and  air  in  the  lime-kilns  of  the  Solvay  Soda  Worb 
are  adjusted  in  such  a  manner  that  the  gas  which  is  collected  above  contains  about  32  par 
cent,  of  CO,,  but  lew  than  28  per  cent,  if  the  ohftrges  are  only  introduoed  everjr  thiM 
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hours  and  not  more  frcquenlly.     When  Ihfi  COj  is  to  he  uliliiird  poke  is  used  inftend  of 
ooal  in  order  to  obtain  it  in  a  purer  stato. 

Commercial  quicklime  always  contains  a  little  silica,  alumina,  and  iron 
oxide,  which  sometimes  gives  it  a  slightly  yellow  or  grey  colour. 

The  limestone  used  for  the  production  of  quicklime  should  not  contain 
much  magnesia,  because  6  to  8  per  cent,  of  this  ingredient  already  causes  the 
formation  of  poor  lime  (of  poor 
quality),  and  when  20  per  cent. 
is  present  the  lime  is  useless  ; 
those  quicklimes  which  contain 
little  magnesia  are  called  fat 
(or  rich)  limes.^ 

When  pure,  calcium  oxide 
forms  a  whitish  mass  which 
only  melts  at  about  3000°  and 
then  volatilises.  When  heated 
in  the  oxy-hydrogen  flame  it 
emits  an  intense  white  light 
(Limelight,  p.  175). 

Calcium  oxide  absorbs  water 
very  actively  combining  with 
it  with  evolution  of  much  heat 
and  transformation  into  a 
voluminous  amorphous  mass 
of  calcium  hydroxide,  Ca(OH)j 
(slaked  lime),  On  standing  in 
the  ^ir  it  absorbs  CO,  and  H^O 
vigorously  and  may  be  used  as 
a  dehydrating  or  drying  agent. 

Quicklime  is  used  for  the 
preparation  of  slaked  lime  and 
therefore  of  mortar,  and  also 
for  the  manufacture  of  crucibles 
which  resist  high  temperatures 
(for  melting  platinum  in  the 
oxy-hydrogen  flame) ;  it  is  also 
used  in  glass  manufacture  and 
in  the  smelting  of  metals.  Italy 
produced  28.000  tons  in  lOO'? 
for  this  latter  purpose,  of  the 
value  of  £11,200.  ^"'■'^■ 

ANALYSIS  OF  QUICKLIME  AND  SLAKED  UME.  It  is  ordinarily  necessary 
to  note  how  much  CaO  and  how  much  CaCOj  it  contains.  In  order  to  determine  the 
Arst,  100  grms.  of  the  lime  arc  slaked  with  water  in  a  half-litre  flask,  and  made  up  to  half  a 
litre.  The  whole  is  then  stirred  and  a  100  c.c.  sample  immediately  taken  before  it  settles, 
placed  in  another  half-litre  flask  and  ^ain  made  up  to  half  a  litre  with  water  ;  25  c.c., 
rorresponding  to  1  grm.  of  tJio  original  hnie,  arc  removed  after  sfiaking  and  are  titrated 
with  a  normal  solution  of  HCJ,  using  phenol phthalein  as  an  indicator.  As  soon  as  the  red 
eolour  of  the  solution  disappears  the  CaO  has  all  been  neutralised  and  CaCO^  only  remains. 
The  determination  of  CaO  +  CaCOj  is  then  made  by  discolvinfc  a  given  quantity  of  the 
lime  in  excess  ot  normal  HCI  and  titrating  back  the  excewi  of  HCl  with  a  normal  solution 
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of  NaOH.  One  cubic  centimetre  of  normal  HCl  corresponds  to  0*028  grm.  of  CaO,  and 
by  deducting  from  this  total  the  quantity  of  HCl  corresponding  to  the  GaO,  the  quantity 
of  CaO  combined  with  CO2  as  carbonate  is  found. 

CALCIUM  HYDROXIDE  :  Ca(0H)2  (SLAKED  LIME) 

When  quicklime  is  moistened  with  about  one-third  its  weight  of  water 
heat  is  developed  [CaO  +  HgO  =  Ca(0H)2  +  15-5  Cals.],  and  the  temperature 
rises  up  to  160°.  A  white  powdery  swollen  mass  of  slaked  lime  results, 
which  when  mixed  with  a  further  three  or  four  parts  of  water  forms  a  soft 
homogeneous  paste  which  is  kept  in  a  trench  dug  out  of  the  ground,  where  it 
loses  the  excess  of  water  together  with  soluble  alkali  salts  which  spoil  the 
mortar  as  they  would  produce  efflorescence  in  the  brickwork. 

Calcium  hydroxide  is  a  white  mass,  only  slightly  soluble  in  cold  and  less 
in  hot  water,  so  that  the  cold  solution  (lime  water)  becomes  turbid  on 
heating.  One  part  of  lime  dissolves  in  760  parts  of  water  at  O'' ;  ,in  776  parts 
at  15°,  in  813  parts  at  20°,  in  885  parts  at  30°,  in  962  parts  at  40°,  in  1044  parts 
at  50°,  in  1158  parts  at  60°,  in  1330  parts  at  70°,  and  in  1482  parts  at  80°.  The 
aqueous  solution  has  a  strongly  alkaline  reaction  because  the  hydroxide  is 
partly  dissociated  into  Ca"  and  20H'.  Slaked  lime  does  not  lose  aU  its  water 
even  at  300°,  and  only  regenerates  the  oxide  at  a  red  heat.  It  absorbs  COj 
from  the  air,  being  slowly  transformed  into  carbonate. 

The  solubiUty  of  calcium  hydroxide  in  water  does  not  vary  much  with  the 
temperature,  and  a  saturated  clear  solution  at  the  ordinary  temperature 
contains  1'3  grms.  of  Ca(0H)2  per  Utre. 

USES  OF  LIME.  Lime  is  used  in  the  preparation  of  sodium  and  potassium 
hydroxides  from  the  carbonates.  It  is  also  used  in  the  manufacture  of  chloride 
of  lime  by  absorbing  chlorine  and  in  the  recovery  of  ammonia  from  gas  water, 
and  largely  in  sugar  refineries,  candle  works,  &c.  -  • 

The  largest  quantity  is,  however,  used  for  the  preparation  of  common  mortar 
for  building  purposes  by  mixing  it  with  water  and  sand  ;  this  mortar  hardens 
slowly  in  the  air  (not  under  water)  because  a  large  portion  of  the  lime  absorbs 
CO2  from  the  atmosphere  and  is  thus  transformed  into  carbonate  which  then 
becomes  crystalline  and  very  hard. 

For  each  cubic  metre  of  fat  slaked  lime  3  to  5  cu.  metres  of  sand  are  required, 
whilst  with  weak  lime  not  more  than  2  cu.  metres  can  be  used. 

In  1903  Italy  produced  830,850  tons  of  fat  lime  of  the  value  of  £510,640, 
842,000  tons  in  1906,  and  858,000  tons  in  1908. 

CALCIUM  PEROXIDE :  Ca02.  On  mixing  hydrogen  peroxide  with  lime-water 
calcium  peroxide  separatx's  in  crystals  containing  8H2O.  It  loees  water  at  130°  and  parts 
with  its  oxygen  at  a  red  heat.  It  is  to-day  prepared  with  sodium  peroxide  which  reacts 
with  a  calcium  salt.  Attempts  were  made  to  use  it  for  bleaching  textile  fibres,  but  its 
cost  is  too  high  (£2  per  kilo). 

SOD  A- LIME.  This  product  is  obtained  by  heating  a  mixture  of  equal  parts  of  powdered 
sodium  hydroxide  and  calcium  hydroxide  to  redness.  It  is  obtained  pure  and  of  homo- 
geneous composition  in  small  quantities  by  quenching,  for  example,80grms.  of  pure  powdered 
calcium  oxide  from  marble  with  a  hot  solution  of  20  grms.  of  NaOH  in  60  grms.  of  water 
in  a  porcelain  crucible.  The  mixture  is  immediately  and  rapidly  stirred  and  then  heated 
directly  over  a  flame  in  order  to  drive  off  all  the  water.  When  it  is  cooled  the  mass  detaches 
itself  from  the  crucible  and  is  crushed  in  a  mortar,  and  the  granulated  soda-lime  so  obtained 
is  kept  in  well-closed  glass  vessels.  It  is  used  as  a  drying  agent  and  for  absorbing  COj. 
It  costs  Id,  per  kilo. 

CALCIUM  CARBONATE  :    CaCO, 

Calcium  carbonate  is  found  abundantly  in  nature  in  the  form  of  limestone  as 
the  principal  component  of  entire  mountain  chains,  forming  compact  masses 
of  very  fine  grain,  generally  amorphous,  mixed  with  clay  and  with  other 
minerals.     When  pure,  however,  and  of  granular  crystalline  structure  it  forms 
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large  deposits  as  marble.     Dolomitic  mountains  are  composed  of  a  mixture  of 
iiiagnesiura  and  calcium  carbonates  in  which  the  latter  preponderates. 

The  important  deposits  of  true  chalk  consist  of  pure  amorphous  carbonate 
formed  of  microscopic  remains  of  small  marine  animals.  Many  stalactites  are 
« Iso  formed  of  calcium  carbonate. 

Calcium  carbonate  is  widely  diffused  throughout  the  vegetable  and  animal 
kingdoms  ;  egg-shells,  corals,  and  pearls  contain  large  quantities  of  calcium 
carbonate,  as  do  also  the  bones  of  vertebrate  animals. 

It  crystallises  in  two  systems,  that  is,  it  is  dimorphous  and  thus  forms 
nrragonite  in  rhombic  prisms  of  sp.  gr.  3,  and  calcite  in  hexagonal  rhombohedra 
of  sp.  gr.  2-7,  and  when  this  latter  is  sufficiently  pure  and  transparent  it  goes  by 
the  name  of  Iceland  spar,  which  is  used  in  optical  instruments  ;  it  is  isomorphous 
with  MgCOg,  ZnCOg,  FeCOg,  and  MnCOa,  whilst  arragonite  is  isomorphous 
with  BaCOa,  SrCOg,  and  PbCOs. 

On  heating  to  redness  calcium  carbonate  loses  44  per  cent,  of  C02>  and  calcium  oxide, 

C'-siO,  remains  in  the  form  of  a  white  porous  mass.     The  evolution  of  CO2  is  more  rapid 

tvnd  complete  if  it  is  carried  away  by  a  current  of  air  or  steam  as  fast  as  it  is  formed.     The 

toraperature  of  decomposition  of  the  carbonate  varies  with  the  pressure  and  thus  at  56  mm. 

pressure  dissociation  occurs  at  626°  ;  at  255  mm.  at  740°  ;  at  678  mm.  at  810°  ;  at  763  mm. 

(or  at  the  ordinary  pressure)  at  812°,  and  at  1333  mm,  at  865°.     Practically,  however,  at 

ordinary  pressure  and  with  rapid  heating  dissociation  does  not  occur  at  812°,  but  only 

towards  925°,  although  even  at  ordinary  pressures  it  may  fall  to  800°  if  the  heating  of  the 

carbonate  is  not  rapid  and  the  CO2  is  immediately  removed  as  fast  as  it  is  formed  by  a 

CTirront  of  air  or  preferably  by  a  current  of  superheated  steam.      This  fact  is  explained 

by  remembering  that  the  temperatures  indicated  above  at  which  the  dissociation  of  the 

carbonate  occurs  also  depend  on  the  partial  pressure  due  to  the  CO2  which  is  evolved  ;  we 

have  thus  a  behaviour  analogous  to  that  explained  on  p.  277,  in  connection  with  the 

catalytic  formation  of  sulphur  trioxide. 

On  heating  CaO  in  a  vessel  containing  CO2,  recombination  occurs  in  the  proportions 
indicated  by  the  dissociation  pressure5i.  On  the  other  hand  on  heating  calcium  carbonate 
in  closed  vessels  at  a  high  temperature  (about  1200°)  no  dissociation  occurs,  because  at  these 
tomporatures  the  pressure  is  so  great  that  the  carbonate  melts  (artificial  marble). 

One  kilo  of  calcium  carbonate  requires  425  Cals.  for  its  dissociation. 

Calcium  carbonate  is  almost  insoluble  in  pure  water  and  its  extremely 
small  solubiUty  may  be  determined  (in  common  with  that  of  other  very  slightly 
soluble  substances)  by  a  determination  of  the  electric  conductivity  of  the 
solution.  The  carbonate  is  more  soluble  in  water  containing  COj,  because 
the  primary  carbonate  or  calcium  dicarbonate,  Ca(C03H)2,  is  formed,  which  is 
soluble  in  water  in  the  proportion  of  0-385  grm.  per  1000  grms.  of  water. 
This  fact  explains  why  all  natural  waters  contain  more  or  less  calcium  dicar- 
bonate, which  readily  loses  CO2  again,  and  thus  becomes  insoluble  ;  one  is 
thus  also  able  to  understand  how  the  so-called  scale  is  formed  in  boilers,  how 
stalactites  are  formed,  &c. 

Calcium  carbonate  is  decomposed  by  acids  with  evolution  of  all  the  CO2 
which  it  contains. 

If  a  soluble  carbonate  such  as  NagCOg  is  added  to  a  soluble  calcium  salt, 
insoluble  calcium  carbonate  separates  ;  the  precipitate  is  at  first  amorphous, 
but  rapidly  becomes  crystalline.  In  the  heat  these  crystals  take  the  form  of 
arragonite  which  is  slowly  transformed  into  crystals  of  calcspar.  Arragonite  is 
less  stable  than  calcspar,  and  that  which  is  now  found  in  nature  is  undergoing 
slow  transformation  into  calcspar,  which  takes  thousands  of  years,  although 
at  300°  the  transformation  occurs  very  quickly. 

When  limestone  has  a  very  fine  compact  grain  and  shows  parallel  stratification,  it  is 
used  for  the  preparation  of  lithographic  stones,  which  have  a  yellowish  homogeneous 
appearance,  are  of  hardness  3  in  Mohr's  scale,  and  can  be  perfectly  polished  by  suitable 
jnacldi^eTy,  in  whioh  condition  they  are  able  to  receive  the  finest  imprints. 
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The  lithographic  stones  of  Pappenheim  and  of  Solenhofen  in  Germany  are  world-famed 
For  some  years  good  lithographic  stones  have  been  obtained  from  Sardinia  (Bannei)  and 
Cagli  (Peaaro) ;  this  latter  quarry  yielded  200  tons  of  stone  in  1908  of  the  value  of  £4S<». 

Calcium  carbonate  in  the  form  of  marble  is  of  great  industrial  importance  and  aboundt* 
in  Italy,  the  most  valuable  coming  from  the  Apuan  Alps.  Commercially  two  forms  of 
marble  are  distinguished,  namely,  that  of  compact-  structure  called  oriental  alabasfir. 
and  that  with  a  crystalline  or  saccharoid  structiure  (statuary  marble),  that  of  Carrara 
being  renowned  for  its  whiteness  and  clearness.  There  are  also  the  most  varied  coloured 
marbles  of  varying  value.  In  1903  the  production  of  Apuan  marble  was  about  300,0(H) 
tons,  of  which  about  220,000  tons,  crude,  worked,  and  sawn,  were  exported.  In  1908  the 
Italian  production  was  425,000  tons  of  which  155,400  were  exi)orted.  Unshaped  marble 
is  sold  at  £1  I65.  per  ton.  In  1907  2500  tons  of  powdered  marble  were  also  produced  of 
the  value  of  £500.  One  cubic  metre  of  limestone  weighs  about  2  tons.  In  1905  a  single 
block  of  red  statuary  granite  was  obtained  by  suitable  means  from  the  quarry  at  Baveno 
of  a  volume  of  15,000  cu.  metres. 

CALCIUM  CHLORIDE :  CaCl, 

In  general  the  halogen  salts  of  metals  are  obtained  by  treating  the  raetal  lie- 
oxide  or  carbonate  with  a  halogen  hydracid  (HCl,  HBr,  &c.). 

Calcium  chloride  is  obtained  as  a  by-product  in  various  industrial  processes., 
such  as  the  manufacture  of  ammonia  soda.  It  is  also  obtained  by  dissolving 
the  pure  carbonate  in  HCl  and  evaporating  to  dryness  ;  it  then  forms  a  porous 
mass. 

It  is  very  soluble  in  water  (100  parts  of  water  dissolve  37  parts  of  CaC^  at  0°  ;  about 
41  parts  at  14°  ;  45-5  parts  at  25°  ;  and  60-67  parts  of  CaClg,  or  99-97  parts  of  crystallised 
CaCl2.6H20  at  29-5°).  On  dissolving  the  crystalline  product  a  strong  cooling  effect  is 
produced,  whilst  on  dissolving  the  anhydrous  product  the  reverse  is  the  case  ;  by  mixing 
with  snow  the  temperature  may  be  lowered  to  -  48°.  This  substance  crystallises  ^-ith 
6H2O  in  transparent  hexagonal  prisms  which  are  deliquescent  in  the  air,  melt  at  29°, 
and  then  readily  lose  4  mols.  of  water,  whilst  the  last  2  mols.  are  only  removed  above 
200°,  leaving  a  white,  porous,  very  hygroscopic  mass  which  only  melts  at  806°.  On  then 
melting  the  CaClg  and  allowing  it  to  solidify  it  forms  a  compact  crystalline  mass  which 
readily  absorbs  water  and  is  employed  as  a  good  dehydrating  agent  for  drying  gases  and 
removing  water  or  moisture  from  other  liquids  such  as  ether,  &c.  It  is  most  eflficacious  for 
drying  gases  when  in  a  spongy  condition.  It  cannot  be  used  for  drying  gaseous  NH, 
because  it  combines  with  this  gas  forming  CaCl2 .8NH3.  The  crude  product  is  also  used  in 
5  to  10  per  cent,  solutions  for  watering  roads  as  its  use  prevents  the  formation  of  dust. 

When  the  anhydrous  chloride  is  melted  in  presence  of  moist  ail"  it  partially  decomposes, 
forming  CaO  and  HCl. 

The  crude  fused  product  which  is  obtained  in  Solvay  soda  works  (p.  476)  is  generally 
used  in  artificial  ice  factories,  in  the  form  of  a  6  to  10  per  cent,  solution  of  CaCl^  as  the 
cooling  brine,  as  this  solution  does  not  freeze  even  at  8°  to  9°  below  zero.  This  crude 
chloride  contains  70  to  75  per  cent,  of  CaCl2  and  costs  £1  12«.  to  £2  16^?.  per  ton.  In  Italy 
3700  tons  were  produced  in  1906  of  the  value  of  £13,320  ;  in  1904  1035  tons  were  imported  ; 
1740  tons  in  1908  of  the  value  of  £5560,  and  1406  tons  in  1909  of  the  value  of  £4501.  The 
pure  product  costs  up  to  £20  per  ton,  and  if  it  is  anhydrous  and  chemically  pure  it  costs 
more  than  £40  per  ton. 

In  1905  Germany  exported  2825  tons  of  the  value  of  £5680. 

CALCIUM  BROMIDE  AND  IODIDE  :  CaBrg  and  Calg.  These  salts  are  similar  to 
the  chloride  but  more  deliquescent.  By  the  action  of  the  carbon  dioxide  of  the  air  on  the 
iodide  HI  is  first  separated,  and  this  yields  free  iodine  with  the  oxygen. 

CALCIUM  FLUORIDE  :  CaFg.  This  compound  is  found  in  nature  in  colourless  cubes 
or  octahedra  as  fliwrite  or  fluorspar  and  is  sometimes  variously  coloured.  It  is  also  found 
in  compact  amorphous  masses.  It  is  also  present  in  small  quantities  in  the  bones  and  teeth. 
It  is  formed  as  a  voluminous  precipitate  from  solutions  of  CaCl2  with  solutions  of  soluble 
fluorides,  or  by  heating  cryolite  (Al2Fe.6NaF)  to  redness  with  calcium  carbonate,  or  by 
boiling  cryolite  with  milk  of  lime  {see  p.  476). 

It  is  only  docomposod  by  strong  aoids  such  as  H^SO^  ;  it  is  insoluble  in  water,  and 
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melts  eaail;  at  a  red  heat  and  ia  therefore  nsed  metaUurgically  as  a  flux  in  the  treatment 
of  ores.     It  becomes  phoephoreBcent  on  heating  and  by  the  action  of  direct  sunlight. 

The  crude  natural  product  is  sold  at  £2  168.  to  £4  per  ton  ;  the  chemically  pure  preci- 
pitated compound  costs  more  than  5s.  Id.  per  kilo.  The  United  Stales  produced  about 
r)7.000  tons  of  fluorspar  of  the  value  of  £72.000  in  1905, 

CALCIUM  HYPOCHLORITE  (CHLORIDE  OF  LIME, 

BLEACHING  POWDER) 

This  salt  has  Dot  yet  been  obtained  in  the  pure  state,  but  chloride  of  lime, 

which  must  not  be  coitfused  with  calcium  chloride,  containfi  calcium  hypochlorite 

as  its  active  ingredient  and  probably  has  the  following  formula  ;  Ca <;„„., H^O 

mixed  with  CaO.Ca<yp|.HjO  ;  It  was  first  prepared  by  Temiant  in  England 
in  1798  by  saturating  lime  with  gaseous  chlorine  : 

2Ca(0H)g  +  2Cit7l2iL,fi  +  Ca(OCl)j  +  CaClj. 
It  is  maintained  by  many  that  the  true  composition  of  chloride  of  lime 
■    n  ^Cl 
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INDUSTRIAL  MANUFACTURE  OF  BLEACHING  POWDER.  The  Lalciuni 
hydroxide  employed  tor  the  absorption  of  the  chlorine  niUHt  bo  pure  and  not  very  moist,' 

The  chlorine  should  not  contain  HCI  as  otherwise  CaClg  in  formed  and  renders  the 
bleaching  powder  deliquescent.  The  fact  must  be  taken  into  account  that  in  winler 
fhlorino  is  dryer  than  in  summer,  because  a  good  deal  of  moisture  is  deposited  in  the 
pipes.  The  lime  Ih  exposed  in  lead  chambcrH  (Fig.  205]  20  to  30  metres  long,  about 
10  metres  wide,  and  2  metres  high,  Hupportid  by  a  wooden  franiework.  The  floor  of  the 
ehanibcrB  is  of  asphalt  and  )0  kilos  of  bleaching  powder  can  bo  produced  daily  per  Kquiirc 
metre  of  surface.  These  chambers  arc  also  constructed  of  metal,  sometimes  even  of  iron, 
but  not  in  brickwork,  as  it  is  neeesHary  to  rapidly  dispel  the  heat  which  is  formed  in  the 
chamber  during  the  reaction.  Two  or  three  of  these  chambers  are  arranged  in  series 
in  order  to  enable  work  to  be  carried  on  continuously. 

The  layer  of  slaked  lime,  80  to  100  cm.  in  tliickncw,  sliould  bo  loosely  hoa{ied,  and  the 
chlorine  which  passes  in  at  the  top  of  the  chamber  rapidly  penetrates  throughout  tlie  masK 
to  the  bottom.  By  watching  the  process  through  a  few  small  windows  it  is  iX)Hnjble  (o 
tell  by  the  moro  or  less  greenish  colour  of  thegaa  whether  the  lime  is  still  absorbing  chlurijie. 
Generally  saturation  is  complete  in  24  hours.  Before  opening  the  chamber  it  is  coimi'ctcd 
for  twelve  hours  with  the  works  chimney,  and  air  is  thus  carried  through  it  in  order  to 
remove  all  excess  of  chlorine.  If  the  product  has  not  a  strength  of  35  to  36  per  cent. 
of  active  chlorine  the  mass  is  remixed  with  shovels  and  treated  nith  chlorine  once  more. 

'  Thii  Mlrium  liydroilde  f«  oniy  prepared  (rein  very  pure  llmoitone,  wliich  leaven  no  rtiiilue  on  treatment 
vFitli  Mide,  Bnil  contiint  no  Mu  and  Fe  ;  tlie  ptenpuce  o(  organic  matlcr  !■  o(  no  conseflusnro  b«BU»F,  on  burnlnd 
Ihe  limeKtone  to  quicklime  id  the  u«ual  kilnx  tliiv  Is  de>tro]-Fcl.    Kich  limes,  wliicli  are  Blske.1  iilnre  cssily.  a1»orb 

[orximo  dayi.  Tlimretlcall)' csleium  hydroxidr,  CaO  +  H,0,  contnliu  24-3  |>n  ccnl.ot  valrr.lhc  ■■'•t  beiiifl 
CaO  :  pnctienily  bleaching  powder  ol  good  xlrcnj(th  IH  obtained  bv  the  emiiloyinciit  ol  a  quh-kliuH'  vuntoinin)! 
about  i  per  cent,  lo  4  per  cent,  mote  than  Ihe  thuorcllFa]  c|uaiitlty  of  Hator.  Alllwogli  Ilia  imiiinmiugtreiiEtb  Is 
obtAined  by  paiwlng  very  dry  chlorine  o>-er  wty  dry  rlakcd  lime,  in  practice  it  ia  not  cany  to  work  uudvr  eucli 
condition!.  A  larger  quantity  ol  fre«  water  In  the  ulikkcd  lime  enables  It  to  abaorb  rhlorine  very  rapidly,  bnt 
lampa  are  (armsd  In  the  maw  witb  vblcb  chlorlue  1*  unabl*  to  react 
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In  order  to  accelerate  the  alMorption  of  the  chlorine  and  to  avoid  ecrious  injurr  t'l 
workmen  on  diBcharging  the  bleaching  powder  from  the  chamber  virioud  fornix  of  pluni 
have  been  propoeed,  of  which  the  nioet  practical  and  efficacious  is  that  of  Hasenclevrr 
(1891).  Fig.  206.  Thid  consiEts  of  four  superposed  leaden  cylinderii  2  to  3  metres  font:, 
turniahcd  with  stirrers.  A,  which  continuously  transport  the  lime  which  falls  into  a  hopptr. 
E,  successively  from  one  cylinder  to  the  next  below  it. 

At  tho  same  time  chlorine  enters  through  a  wide  lower  tube,  CI,  and  traverK<'s  tli. 
cylinders  in  the  opposite  direction  to  the  lime.  The  chlorine  is  completely  abeorlKd  in  lb 
upper  cylinder  where  tho  fresh  lime  enters,  and  very  little  posses  up  the  exit  flue,  o.  In 
the  lower  part  of  tho  plant  there  is  a  discharge  outlet  for  the  saturated  bleaching  )K>wdt-r, 
which  is  at  once  collected  in  barrelw.  The  workmen  who  handle  bleaching  powder  smcir 
their  bodies  with  fat  and  wear  a  mask  which  protects  their  respiratory  organs  and  nyi----. 

The  Societii  elettrochimica  of  Rome  ore  using  ten  of  these  plants  in  their  works  at  Bu^>i. 

The  greater  portion  of  bleacliing  powder  is  to-day  produced  in  electrolytic  alkali  'no^k^ 
in  order  to  utilise  tho  largo  quantities  of  chlorine  which  Ihey  obtaui.     In  1907  (Fr.  Pal. 


FiQ.  206. 

370,873)  the  Elektron  works  at  Griesheim  produced  bleaching  ]iowder  tuntaining  fill  to 
00  per  cent,  of  active  chlorine,  by  almost  completely  saturating  milk  of  lime  with  ehkiriiic 
and  continuing  to  stir  it  ;  after  filtration  the  liquid  is  slowly  evaporated  in  lyirnoaiid  lliu? 
a  solid  ehlorido  of  lime  is  obtained  which  is  more  stable  aud  purer  than  the  ordinary  pniduci 
and  is  soluble  in  water. 

Commercial  bleaching  powder  is  a  soft  while  powder  with  an  odour  of  chlorine,  anil  it? 
aqueous  solution  has  an  alkaline  reaction  and  is  a  strong  hieacliiug  agent.  ltisdecoiniH>H?d 
by  the  air  through  the  action  of  the  carbon  diondc. 

It  also  decomposes  slowly  in  closed  vessels  with  formation  of  oxygen,  and  this  chaiijii' 
is  more  rapid  under  tho  influeneo  of  sunlight  and  of  heat.  In  some  cuses  closed  veK.-jN 
in  which  it  is  contained  may  even  explode.  In  order  to  store  bleaching  powder  withoul 
danger  it  is  kept  in  wooden  vats  in  the  dark  for  some  time  after  it  has  been  preparrtl. 
Barrels  containing  bleaching  powder  should  not  be  wealed  hermetically,  and  should  be  kcjit 
in  well- ventilated  dark  store.rooms. 

On  treating  bleaching  powder  with  dilute  hydrochloric  or  sulphuric  acid. 
twice  as  much  chloiine  is  evolved  aa  is  apparently  active,  that  is,  united  to 
oxygen  : 

r^.fl.OCl  +  2HC1  -  CaCL  +  H^O  +  ('I, 
Ca  .  J^'j^j  +  H^iSO,  =  aOjCa  +  H^U  +  CI, 
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The  value  of^bleaching  powder  is  proportional  to  the  amount  of  this  active 
chlorine  which  is  evolved  with  acids.^ 

On  heating  bleaching  powder  with  NH3  nitrogen  is  evolved : 

USES  AND  PRICES.  Chloride  of  lime  is  used  for  the  preparation  of  chlorine, 
chloroform  and  oxygen  {see  Oxygen),  as  a  disinfectant,  as  an  oxidising  agent,  and  more 
especially  for  bleaching  cotton  fabrics,  and  in  printing  on  wool,  because  it  more  readily 
absorbs  the  dyestuffs  after  such  treatment.  The  price  of  bleaching  powder  varies  with 
its  strength,  and  for  a  strength  of  35  per  cent,  chlorine  may  reach  £8  per  ton.  In  1906, 
when  the  European  syndicate  which  fixed  the  prices  ceased  to  exist,  the  price  fell  to 
£1  4«.  per  ton,  and  in  Italy,  where  the  two  existing  works  enjoy  the  advantage  of  a 
protective  tariff  of  £1 16^.  per  ton,  the  price  rose  again  to  £5 12«.  and  £6,  and  it  is  gradually 
rising  in  other  couo tries. 

The  world's  production  of  bleaching  powder  in  1904  was  260,000  tons  and  now  exceeds 
300»000  tons,  of  which  about  60,000  tons  are  produced  in  France  and  100,000  tons  in 
Grermany,  of  which  more  than  60,000  tons  were  produced  in  the  manufacture  of  electro- 
lytic alkali,  and  27,300  tons  were  exported  in  1909.  England  produces  more  than  190,000 
tons  and  exported  37,000  tons  in  1909.  The  United  States  imported  50,000  tons  from 
Europe  in  1907,  36,000  tons  in  1908,  and  45,000  tons  in  1909.  Russia  consumed  10,000 
tons  of  bleaching  powder  in  1895  and  about  12,000  in  1908,  and  now  only  imports  300  tons 
from  other  countries.  Italy  consumed  about  10,000  tons  of  bleaching  powder  in  1902, 
almost  all  of  which  was  imported ;  in  1903  the  Italian  production  at  Bussi  started  and 
already  exceeded  4000  tons  in  1905 ;  in  1907  it  was  also  produced  at  Gaffaro  (Brescia),  - 
and  amounted  to  5700  tons  altogether,  increasing  to  more  than  9000  tons  in  1908. 
Meanwhile  the  imports  diminished  to  5200  tons  in  1906,  3000  tons  in  1907,  2941  tons  in 
1908,' and  2993  tons  in  1909  of  the  value  of  £13,170.  On  the  other  hand,  the  exports 
increased,  being  110  tons  in  1906,  344  tons  in  1907,  1190  tons  in  1908  of  the  value  of 
£4993,  and  853  tons  in  1909. 

CALCIUM  NITRATE  :  Ca(N03)2  (crystallising  with  4H2O).  On  treating  of  potassium 
nitrate  we  already  mentioned  that  the  nitrogen  of  putrefied  organic  matter  was  oxidised 
in  presence  of  lime  by  certain  nitrifying  bacteria  which  transformed  it  into  calcium  nitrate  ; 
this  is  often  found  as  an  efflorescence  on  the  walls  of  stables. 

It  is  very  soluble  in  water  and  in  alcohol  and  is  readily  transformed  into  potassimn 
nitrate  by  potassium  salts.  It  is  abimdant,  naturally  formed,  in  Venezuela  and  is  an 
excellent  manure.    When  purified  it  is  used  for  incandescent  mantles. 

The  crude  product,  used  as  a  manure,  costs  £40  per  ton,  but  it  is  now  also  obtained 
olectrolytically  from  atmospheric  nitrogen  (p.  303),  and  is  sold  at  less  than  £8.  The 
chemically  pure  product,  as  used  in  connection  with  incandescent  lighting,  costs  Is.  Id, 
per  kilo  ;  in  1909  12,000  tons  were  produced  by  the  Birkeland-Eyde  process  at  Notodden. 

BASIC  CALCIUM  NITRATE  is  less  deliquescent  {see  p.  304),  and  contains  about 
13  per  cent,  of  nitrogen,  26  per  cent,  of  lime,  and  24  per  cent,  of  water,  together  with  very 
small  amounts  of  nitrites  (which  are  sometimes  harmful  to  vegetation). 

CALCIUM  NITRITE:  Ca(N02)2,  is  produced  together  with  calcium  nitrate  in  the  electnc 

processes  for  the  utilisation  of  atmospheric  nitrogen  (see  p.  303) ;  in  order  to  separate  it 

the  solutionis  concentrated  until  on  cooling  to  30°  to  35°  crystals  of  the  nitrite  are  deposited, 

whilst  the  nitrate  remauis  in  solution. 

I  In  commerce  the  strength  is  also  often  given  in  Qay-Lusaac  degrees  whicti  indicate  the  Dumber  of  litres  of 

active  chlorine  which  can  bo  evolved  from  1  kilo  of  bleocliing  powder ;  thus,  for  example,  a  bloachiug  powder 

which  contains  25  per  cent,  by  weight  of  active  chlorine  is  called  79°  Gay-Lussac  ;  if  it  contains  40  percent. of 

active  chlorine  it  is  of  120**  Qay-Lussac,  because  1  kilo  of  this  bleaching  powder  would  evolve  400  gnns.  of 

400 
chlorine  and  a  litre  of  this  gas  weighs  8-16  grms.,  and  --—  —  126°. 

N 

The  strength  of  bleaching  powder  is  determined  w^ith       solution  of  sodium  arsenite  obtained  by  dissolving 

4'950  grms.  of  pure  AsiO,  in  200  c.c.  of  water,  and  20  grms.of  pure  sodium  dicarbonate ;  the  whole  ia  boiled 
with  stirring,  allowed  to  cool,  and  made  up  to  1  litre  ;  1  c.c.  uf  tiiis  solution  corresponds  to  0-00355  grm.  of  active 
cbloriDC.  The  titration  is  carried  out  by  stirring  up  to  7*1  grms.of  the  well-mixed  bleaching  powder  to  a  paste 
with  water,  diluting  with  water  to  1  litre,  shaking  well,  and  immediately  removing  50  c.c.  (=»  0-355  grm.)  of 
the  sample  ;  this  is  titrated  in  a  beaker  with  the  solution  of  the  arsenite,  the  end  of  the  operation  being  detected 
by  spotting  the  liquid  on  to  filter  paper  impregnated  with  starch  and  potassium  iodide  solution  until  the  blue  spot 
produced  by  iodine  liberated  by  the  chlorine  is  no  longer  obtained. 
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Aocordisg  to  Ger.  Pat.  220,539  of  1909,  the  nitrite  may  be  transformed  into  nitrate 
by  heating  it  to  over  300°  in  presence  of  NOg  :  CaCNOgjg  +  2NO2  =  Ca(N08)2  +  2N0 ; 
the  nitric  oxide  is  mixed  with  the  necessary  quantity  of  air  to  retransform  it  into  NO; 
and  then  re-enters  the  cycle.  In  a  similar  manner  nitric  acid  may  be  obtained  from  the 
mixture  of  nitrates  and  nitrites. 

CALCIUM  SULPHIDE.  This  is  a  yellowish  mass  which  is  obtained  on  heating  calciam 
sulphate  with  charcoal  ;  on  dissolving  in  water  it  forms  calcium  hydrosulphide,  Ca(SH)2- 
When  it  is  very  pure  and  dry  it  is  not  phosphorescent,  but  becomes  so  in  presence  of  tracer 
of  other  salts. 

CALCIUM  SULPHITE  and  DISULPHITE  :  CaSO^  and  CaCSOaH)^.  These  com- 
pounds  are  obtained  by  the  action  of  SO2  on  slaked  lime  and  on  nuik  of  lime  in  wooden 
chambers  or  boxes. 

The  SO2  fumes  are  passed  in  at  the  bottom  of  a  tower  which  contains  limestone  (calcium 
carbonate^  and  down  which  a  shower  of  water  falls  from  above.  A  solution  of  calcium 
sulphite  is  so  formed,  which  collects  at  the  bottom  of  the  tower,  and  carbon  dioxido  only 
escapes  at  the  top. 

Calcium  sulphite  is  solid  and  forms  a  readily  transportable  source  of  SO2  which  can  be 
regenerated  from  it  by  the  action  of  acids.  It  is  insoluble  in  watef ,  but  readily  soluble 
in  aqueous  SO2  forming  calcium  disulphite. 

The  disulphite  is  used  in  large  quantities  in  cellulose  works  and  paper  mills,  also  in 
sugar  factories,  spirit  distilleries,  and  breweries,  as  a  disinfectant,  &c.  U.S.  Pats.  84,698 
of  1907  and  945,426  of  1908  describe  two  forms  of  industrial  plant  for  the  manufacture  of 
calcium  disulphite. 

Neutral  commercial  calcium  sulphite  costs  £18  per  ton  and  the  purified  product  £26  per 
ton.     The  bisulphite  in  solutions  of  13°  to  14°  B6.  costs  £6  per  ton. 

CALCIUM  SULPHATE  :  CaSO, 

This  compound  is  found  abundantly  in  nature  without  water  of  crystallisa- 
tion as  anhydrite,  or  crystallised  with  2  mols.  of  water  in  large  monoclinic 
prisms  or  as  a  granular  crystalline  mass  known  as  gypsum.  In  the  natural 
state,  in  the  form  of  a  pellucid  mass  which  cleaves  to  form  sheets,  it  is 
known  as  selenUe  and  is  used  for  optical  instruments. 

When  natural  gypsum  is  heated  to  110°  to  120°  it  loses  a  considerable  part 
of  its  water,  probably  forming  CaS04.|:H20,  and  this  product  has  the  valuable 
property,  when  worked  to  a  paste  with  water,  of  recombining  with  the  whole 
of  its  water  of  crystallisation,  and  immediately  becoming  very  hard  with  separa- 
tion of  the  excess  of  water  ;  for  this  reason  it  is  used  for  very  varied  industrial 
and  artistic  purposes  under  the  name  of  plaster  of  Paris,  But  if  it  is  heated  to 
170°  it  loses  all  its  water  of  crystallisation,  and  also  its  property  of  hardening 
when  mixed  with  water,  and  is  then  known  as  dead  or  over-burnt  plaster.  In 
order  to  increase  the  rapidity  with  which  plaster  of  Paris  sets  and  hardens^ 
it  may  be  mixed  with  0-1  to  0-5  per  cent,  of  sodium  phosphate. 

On  a  small  scale  plaster  of  Paris  is  prepared  by  gradually  heating  the  natural  powdered 
gypsum  in  iron  pans  with  continuous  stirring  until  water  is  no  longer  condensed  on  Ihf 
cover  of  the  pan. 

On  a  large  scale  it  is  heated  in  largo  ovens  similar  to  those  used  for  baking  bread,  out  of 
contact  with  the  products  of  combustion.  The  furnace  is  heated  with  wood  and  coal  up 
to  a  suitable  temperature  and  the  fuel  is  removed  before  the  gypsum  is  introduced.  Ga>- 
fired  furnaces  are  also  used,  and  at  present  metallic  drums  heated  by  a  current  of  hot  air 
are  oomiiig  into  use. 

The  burning  of  crude  gypsum  takes  from  12  to  24  hours  ;  60  to  70  kilos  of  coke  are 
used  for  heating  per  cubic  metre  of  plaster  of  Pans  which  is  produced.  In  modem 
furnaces,  for  example,  of  the  Pcrin  type,  27*5  kilos  of  coke  are  used  per  1000  kilos  of  gypsum, 
starting  from  crude  gypsum  with  22  per  cent,  of  water  and  finally  obtaining  plaster  of  Paris: 
containing  7-70  per  cent,  of  water. 

A  method  of  manufacture  which  is  often  ado]jled  is  the  following  :  1  he  natural  gy()8um. 
in  large  lumps  as  it  is  quarried,  is  first  crushed  and  then  ground  in  the  usual  form  of  mill 
with  horisontal  atonee. 


GYPSUM  :  CALCIUM    SILICATE  497 

After  grinding  in  this  way  the  crude  gypsum  is  heated  in  open  iron  p&nc  furnished  with 
stirrers  and  holding  about  60  to  70  kilos.  These  pans  are  arranged  over  a  hearth  heated 
Mrith  coal  and  lined  with  refractory  bricks  in  order  to  avoid  direct  contact  with  the  flame 
jpT  with  the  hot  gases  ;  in  this  way  heat  is.transmitted  through  the  refractory  lining  and  the 
temperature  of  the  mass  of  gypsum  does  not  exceed  120°  to  130^;  18  to  20  kilos  of  coal 
sfcro  used  per  100  kilos  of  gypsum. 

Xhiring  heating  the  stirrer  is  always  kept  in  slow  motion  and  the  end  of  the  process  is 
recognised  by  the  fact  that  the  mass  ceases  to  "  boil,'*  because  no  more  steam  is  evolved  in 
the  form  of  vapour  jets  which  rise  through  the  powdered  gjrpsum. 

**  Scagliola  "  is  thus  obtained  ;  in  order  to  obtain  ordinary  plaster  of  Paris  the  gypsum 
18  heated  in  small  pieces  in  furnaces  without  stirrers,  but  a  poorer  quality  is  thus  obtained  ; 
this  process  takes  a  few  hours. 

Dead  burnt  plaster  may  apparently  be  partially  regenerated  by  the  addition  of  about 
4  per  cent,  of  sodium  disulphate. 

It  appears  that  when  the  gypsum  is  removed  from  the  ovens  it  contains  no  water  and 
only  absorbs  7  to  8  per  cent,  on  standing  in  the  air  ;  -it  has  then  the  power  of  setting  in  the 
well-known  manner. 

The  gypsum  which  is  obtained  on  precipitating  a  soluble  calcium  salt  with 
sulphuric  acid  crystallises  with  2H2O  ;  it  is  very  slightly  soluble  in  water 
(1  part  in  460  parts  both  at  0°  and  100°),  and  acquires  its  greatest  solubility 
at  35®,  namely,  2*5  grms.  per  litre.  Natural  anhydrite  behaves  like  gypsum 
freed  from  water,  that  is,  it  does  not  set  with  water. 

Gypsum  is  used  for  making  models  of  artistic  figures  by  using  a  paste  of 
1  part  of  gypsum  and  2J  parts  of  water,  because  it  reproduces  even  the  finest 
details  ;  it  is  used  for  modelling,  &c. 

It  is  used  as  a  corrective  for  certain  soils.  When  it  is  moistened  with  a 
solution  of  glue  and  a  little  zinc  sulphate  stiicco  is  obtained  which  is  used  for 
ornamentation  and  sets  very  slowly,  but  more  strongly  than  pui»  gypsum. 

In  Italy  264,843  tons  of  gypsum  were  produced  in  1890  of  the  value  of  £97,160 
and  in  1902  the  production  was  341,883  tons  ;  in  1908  it  exceeded  361,000  tons, 
of  the  value  of  £120,000  ;  270  tons  of  calcium  sulphate  were  also  produced 
as  a  chemical  product.  The  works  of  the  Sindacate  della  Valle  Camonica  are 
alone  capable  of  producing  80,000  tons  of  gypsum.  In  1903  390,000  cu.  metres 
were  used  in  Paris.  The  imports  into  Italy  in  1907  were  20,000  tons,  15,000 
tons  in  1908,  and  21,000  tons  in  1909,  of  the  value  of  £25,240.  In  1909  Germany 
imported  11,285  tons  of  gypsum  and  exported  63,220  tons. 

CALCIUM  SILICATE :  CaSiOa 

This  compound  is  found  pure  and  crystalline  as  wollaatonUe,  CaSiOg,  a 
mineral  which  is  not  very  abundant.  Calcium  silicate  is  an  important  constituent 
of  natural  silicates  which  abound  in  many  minerals  and  geological  formations. 
Since  a  remote  epoch  it  has  been  used  as  a  constituent  of  glass  and  it  is  specially  in 
connection  with  this  substance  that  calcium  silicate  is  of  great  importance  to  us. 

GLASS  ^  consists  of  an  amorphous  transparent  mixture  of  alkali  silicates 

*  01088  is  of  very  ancient  origin  :  the  Egyptians  were  well  acquainted  witli  its  production  and  working  1800  D.c, 
and  perliaps  the  Chinese  manufactured  glass  at  a  still  earlier  date.  The  art  of  melting  and  blowing  glass  passed 
from  the  Egyptians  to  the  Phoenicians  and  then  to  the  Ancient  Romans  (200  B.C.). who  used  it  for  artistic  objecU. 
The  glass  indostry  then  developed  at  Byxautium  and  later  in  Venice  where  it  acquired  great  importance.  Glass 
mirrors  have  been  manufactured  since  1400  ;  before  that  time  metallic  mirrors  were  used.  In  Bohemia  the  glass 
industry  developed  in  the  Middle  Ages,  then  declined,  and  reacquired  great  importance  during  the  past  century. 
In  the  tenth  century  stained  glass  for  windows,  especially  in  churches,  already  occurs.  In  France  and  in  England 
the  glass  industry  became  important  towards  the  end  of  the  Middle  Ages,  and  inlSOO  the  large  works  at  the  Faubourg 
St.  Antoine  in  Paris  were  founded  and  were  tiien  removed  to  St.  Qobaiu.  In  Germany  the  industry  received  a 
great  impetus  through  the  introduction  of  ths  Siemens  furnaces.  The  mirror  industry  developed  in  Austria 
in  1700  and  in  Germany  only  after  1850.  Various  attempts  to  revive  this  industry  in  Venice  at  the  beginning  of 
thenbetcenth  century  were  unsuccessful  and  the  actual  revival  of  glass-working  at  Murano  (nearVcnice)  is  largely 
due  to  Dr.  Salviati,  who,  by  investigating  with  an  enlightened  mind  the  good  points  of  the  old  proceBscs  and 
bringing  them  into  harmony  with  modern  science  and  industry  in  the  middle  of  the  nineteenth  century,  was 
able  to  revitalise  the  new  works,  which  once  more  gained  the  admiration  of  foreigners  for  the  intelligent  work 
of  the  men  who  are  able  to  shape  in  a  thousand  fashions  and  with  exquisite  artistio  taste  the  soft  formless  paste 
which  if  incesBantiy  drawn  from  the  red-hot  fnmaccs. 

The  Veoetlin  renaisHtnM  was  completed  in  iU  most  highly  artistic  forms  by  the  temarkable  ability  of  Luigl 

'  3a 
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with  calcium  and  lead  silicates,  obtained  by  fusion  in  the  heat.    Glasses  ar 
divided  into  four  principal  groups : 

I.  Glasses'l^consisting  of^^Calcium  and  Potassium  Silicates.  These  an 
very  hard,  not  very  fusible,  and  very  resistant  to  the  action  of  water  and 
acids.  They  are  completely  colourless  and  are  used  for  the  preparation  oi 
chemical  and  physical  apparatus.    They  have  a  specific  gravity  of  about  2-4^J 

II.  Glasses  consisting  of  Calcium  and  Sodiiun  Silicates.  These  are  mon 
fusible  and  less  resistant  than  those  of  the  preceding  class  ;  they  resist  the 
solvent  action  of  water  and  of  acids.  They  are  used  for  makiiig  ordinary  sheets 
and  cheap  objects,  and  have  always  a  sUght  bluish-green  colour  and  a  specilic 

,  gravity  of  about' 2-65.     Mirrors  are  often  made  of  a  mixture  of  glasses  «.! 
groups  I.  and  II. 

III.  Glasses  composed  of  Lead  and  Potassium  Silicates.  These  are  very 
soluble  and  are  suitable  for  many  ornamental  objects.  They  have  a  high 
specific  gravity,  possess  very  marklsd  lustre,  and  refract  light  very  strongly. 

They  are  used  in  the  preparation  of  so-called  crystal  glass  of  sp.  gr.  21' 
to  3-25  and  also  foim  flint  glass  of  sp.  gr.  4  to  5,  in  which  considerable  quan- 
tities of  boric  acid  and  bismuth  are  added  to  the  lead  silicate.  The  pa^i^' 
(strass)  which  is  used  for  the  manufacture  of  artificial  gems  is  very  refractivt 
and  transparent  and  belongs  to  this  group. 

Lead  glasses  are  used  for  lenses  and  optical  apparatus,  but  these  are  now  al^<) 
prepared  with  barium  because  they  are  then  harder  although  still  very  refractive. 

IV.  Common  Bottle  Glasses.  These  consist  of  silicates  of  sodium, 
potassium,  calcium,  and  aluminium  accompanied  by  iron,  manganese,  and 
sometimes  by  magnesium.  They  contain  less  alkali  than  other  glasses  and  have 
a  yellow  or  dark  green  colour.  White,  opg-que,  or  translucent  glasses  aiv 
obtained  by  the  addition  of  barium  sulphate,  &c. 

Glass  is  amorphous  and  transparent,  and  is  a  bad  conductor  of  heat  and 
electricity. 

Tho  composition  of  glasses  ordinarily  varies  within  tho  foUowing  limits  : 

KgO.CaO.eSiOg  and  SKaO.TCaO  .  SOSiOjj ; 

tho  K  may  bo  replaced  by  Na  and  the  Ga  by  Pb. 

Good  glasses  for  chemical  purposes  ordinarily  contain  so  much  silica  that  a  trisilic;itr' 
is  formed,  and  the  follo\^ang  proportions  give  good  results:  l-SiKgO  +  ICaO  +  7Si(V 
Zulkowski  maintained  in  1899  that  glass  is  a  true  chemical  compound,  which  he  suppose-:: 

to  bo  a  double  silicate  of  the  general  formula   Sii,02n.i<C/"| \ro''  >Siu02o-i»  where  M' 

is  the  alkali  metal  and  M"  tho  divalent  metal  Ca,  Pb,  &o,i 

Lobmeyer,  born  at  Vienna  in  1829,  who  succeeded  in  creating  an  entirely  new  art  of  cutting  and  polishing  gl&.«» 
with  Buch  refined  taste  that  iu  a  very  short  time  he  claimed  the  attention  of  the  whole  world  by  tho  industr.^! 
production  of  beautiful  artistic  objects. 

In  the  nineteenth  century  the  glass  industry  acquired  a  new  impetus  amongst  all  civilised  nations,  when  it 
became  possible  not  only  to  produce  artistic  objects  for  the  wealthy  but  also  such  as  could  be  produced  chcsi'lr 
and  on  a  large  scale. 

The  large  modem  glass  industry  has  been  enabled  to  arise  through  the  valuable  assistance  of  chemistry  aoJ 
engineering.  By  means  of  the  first  the  composition  of  tho  necessary  pastes  for  obtaining  tho  most  \'aried  quilit  >•  9 
of  glass  with  precision  and  security  was  studied  ;  and  tho  second  furnished  the  necessary  means  for  the  large-scale 
mechanical  production.  Tho  exact  relations  between  tho  prime  materials,  quarts,  silicates,  sodium  aai 
potassium  carbonates,  sodium  sulpliate,  lime,  lead  oxide,  dc,  and  carefully  regulated  temperatures  allow  tbc 
various  types  of  glass  to  be  obtained  with  certainty. 

The  old  glass-melting  furnaces  yielded  a  very  impure  glass,  and  the  heating  was  not  so  regular  as  in  modirs 
furnaces  using  special  hearths  with  suitable  draught,  aided  by  powerful  fans  and  fed  by  fuel  of  the  first  quahty. 
llio  large  consumption  of  fuel  and  tho  results  which  aro  often  unsatisfactory  render  the  succeas  of  importaat ; 
enterprises  very  difficult.  I 

^  Vic  here  give  the  composition  of  certain  glasses  of  various  qualities  aud  also  of  various  epochs: 

8,0.       MgO  MnO 

t.        Per  cent.  Per  cent 
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SiOa 

Na,0 

CaO 

Al,0,4 

Per  cent. 

Per  cent. 

Per  cent. 

Per  < 

Impure  mirror  glass  from 

St.  Gobain 

.       73 

11-5 

Io'5 

0-8 

TVjudow  glass 

60  to  71 

1117 

10  to  13-5 

2-7 

Common  green  bottle  glass 

.     68-5 

«-5  (-f  1-3  K,0) 

14 

5 

Bohemian  glass  tubes 

.     74-4 

18-5  (E.O) 

7-2 

0-6 
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. 

Ancient  Sg>pt 

.     060 

12*8 

8*4 
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A  good  glass  should  be  resistaiit  to  the  action  of  the  atmosphere,  of  water,  carbon  dioxide, 
aoids,  and  dilute  alkalis.  No  quality  of  glass,  however,  is  absolutely  resistant.  Even  in 
the  air  glasses  lose  their  transparency  and  become  dull  in  time,  because  alkali  is  dissolved. 
A  good  glass  should  resist  the  action  of  strong  HCl  vapours  for  twenty-four  hours. 

The  resistance  increases  with  increasing  amounts  of  Si02,  though  ^s  constituent 
must  not  exceed  80  per  cent>  on  account  of  the  infusibility  and  fragility  of  the  resultant 
glass.  For  equal  contents  of  siiica,  that 'glass  which  contains  the  most  lime  and  the  least 
alkali  is  most  resistant.  The  coefficient  of  dilatation  increases  with  increasing  amounts  of 
alkaH. 

The  property  of  Bohemian  glass  of  being  very  resistant  is  largely  due  to  its  high  content 
of  silica,  apart  from  the  presence  of  potassium  instead  of  sodium  salts.  Bluish-green 
glass,  containing  much  ferrous  oxide,  only  allows  very  small  quantities  of  thermal  rays  to 
pass. 

Apart  from  its  chemical  composition  the  quality  of  glass  depends  largely  on  the 
mechanical  treatment.  Rapid  cooling  renders  it  fragile  but  very  hard,  whilst  slower  cooling 
renders  it  elastic.  By  cooling  molten  glass  by  immersion  in  oil  or  resin,  as  was  proposed  by 
De  la  Bastia  in  1874,  or  by  compressing  it  between  very  cold  iron  plates,  as  proposed  by 
Fr.  Siemens,  extremely  hard  glass  is  obtained  which  resists  the  strongest  impacts  and  may 
be  used  for  pavements  or  for  street  lamps.  If  glass  is  kept  molten  for  several  days  it  becomes 
turbid  and  also  forms  many  small  crystals  on  solidification,  and  the  surface  is  no  longer 
smooth  and  lustrous. 

PRIME  MATERIALS  FOR  GLASS  MANUFACTURE.  (1)  Silica.  This  is 
ordinarily  employed  in  the  form  of  quartz,  flint  pebbles,  or  siliceous  sand.  When  pure 
colourless  glasses  are  required,  the  sand  should  not  contain  iron,  but  if.  this  is  present 
in  small  amount  it  sometimes  pays  to  eliminate  it  by  Washing  or  digesting  wit]},  dilute 
hydrochloric  acid.  A  very  pure  sand  sent  from  Australia  for  use  in  European  glass  manu- 
facture gave  the  following  analytical  results  :  SiOj  -=  99-7*pef  cent.  ;  C&O  «=  0-1  per  cent.  ; 
MgP  •=»  0-06  per  cent.  ;  A1203  +  FegOa  =»  0*09  per  cent.  The  quartz  and  flints  are 
first  heated  to  redness  in  furnaces  in  order  to  render  them  brittle,  and  are  then  powdered. 
For  ordinary  glass  common  sand  is  employed,  even  if  it  contains  clay,  because  the  mass 
then  melts  more  easily. 

(2)  Alkali.  In  past  da3rs  potassium  carbonate  or  plant  ashes  were  almost  exclusively 
employed,  and  then  anhydrous  sodium  carbonate  (Leblanc  soda  ash)  was  introduced  and 
became  general.  Since  1840,  however,  through  the  initiative  of  Baader  di  Monaco,  the 
use  of  Boditun  sulphate  obtained  directly  in  the  Leblanc  process  has  become  very  extended 
of  late  years.  This  product  is  lower  in  price  than  soda  and  can  replace  it  very  well  if 
6  to  7  per  cent,  of  coal  is  mixed  with  it  (in  spite  of  the  fact  that  sodium  sulphide  is  then 
formed  in  the  furnace  which  colours  the  glass  brown  and  which  must  be  corrected  with 
an  oxidising  agent),  and  at  high  temperatures  it  is  decomposed  by  the  silica.  All  the 
sulphur  of  the  sulphate  escapes  as  sulphur  dioxide,  which  is  lost  because  it  is  mixed  with 
large  quantities  of  furnace  gases.^  The  replacement  of  sodium  sulphate  by  the  carbonate 
has  been  prophesied  by  many  now  that  the  price  of  the  latter  is  so  low : 

/ONa 

Si=0 

>0 
2Na2S04  +  eSiOg  +  C  -  2Si=  0      +  2SO2  +  CX)a 

/^ 
Si=0 

^ONa 

Sodium  chloride  cannot  bo  employed  because  it  is  too  volatile  and  is  not  decomposed 
by  SiOa  except  in  presence  of  air  and  of  steam,  with  loss  of  chlorine  and  HCl.  For  ordinary 
potash  glass,  wood  ashes  are  employed,  and  for  the  best  glasses  pure  potassium  carbonate. 
Potassium  sulphate  is  not  employed  because  it  is  too  difficult  to  decompose. 

(3)  Lime*    This  is  used  in  the  form  of  carbonate  ;  for  glass  of  high  quuJity,  marble 

^  Xbe  Oerman  law  of  1895  forbidfi  glassworks  from  allowing  gases  containing  more  tlian  0-01  per  cent,  by 
volnme  of  SO,  to  escape  from  their  chimneyt*,  and  this  renders  the  use  of  sulpliate  difficult.  In  any  case  it  is 
necessary  to  pass  the  chimney  gases  through  cylinders  or  towers  filled  with  lumps  of  limestone  kept  moist  witli 
a  spray  of  water.  A  solution  of  calcium  sulphite  and  bl-sulphite  is  thus  obtained  which  can  be  utilised  in  various 
industries,  whilst  C0«  escapes 
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is  employed.  In  Bohemia  woUastonite  or  caksium  eilicate  ia  used,  while  slaked  Udk'  ii 
rarely  employed.  The  limestone  should  be  as  free  from  iron  as  possible  and  20  parU  *tf 
often  uaed  per  100  parte  of  silica.  In  order  to  facilitate  fuuoQ,  a  little  calcdum  fluoiidr  >.- 
sometimes  added. 

(4)  Lead  Oxide.  This  is  used  in  the  form  of  minim  PbtO^,  which  is  then  oonveruJ 
into  lead  peroxide,  aiid  should  not  contain  copper  or  tin. 

(5)  Certain  Natural  Silicates.  Felspar,  pumice,  basalt,  lava,  Ac.,  are  of  similir 
composition  to  glass,  and  may  be  used  in  glass  manufacture  with  the  addition  of  a  fev 
other  ingredients. 

(6)  Broken  Glass.  The  mixture  of  materials  for  the  production  of  common  gla«s  i- 
madc  with  about  one-third  uf  broken  glass  wiiich  is  present  in  the  works  or  is  acquired. 

(7)  Decolorising  Materials.  These  act  in  two  ways  :  by  oxidising  the  impuriti^ 
which  colour  the  glass  or  by  producing  supplementary  colours  which  destroy  the  oolonr 
due  to  the  impurities.  Manganese  dioxide,  which  has  been  used  for  this  purpose  sinii: 
ancient  times,  acts  partially  by  oxidising  the  green  ferrous  oxide,  prodneing  a  yellow  oxidr 
which  has  a  less  intense  colour,  and  partially  forms  manganic  silicate  which  is  violet  and  i 
eliminates  the  greenish-yellow  colour,  forming  colourless  mangaaous  silicate.    Nickel  oxide . 

'}  sometimes   used    instead 
of  manganese  dioxide. 
j-HB.^     I  I  Pure  arsenious  oxide  ir 

-  ''  ™   I-M    ■  I    used  and  so  is  potassium 
nitrat«,  luid  the  additiun  ol 
Ci^ii^     a   little   antimony  sulphid<' 
or  oxide  increases  the  Iusifl- 
of  the  glass. 

According  to  Gtr.  Pat. 
217,422  of  1907,  coiourles.- 
optical  glass  is  obtaint^  b\ 
malting  in  an  electric  indut 
tion  current  and  inst*;ad  ol 
the  ordinary  gas  fumaec. 
Hardeiied  Glasses  which 
Fia.  207,  resist  fluctuations  of   tem- 

perature from  200°  to  100=, 
Ac,  are  obtained  by  adding  MgO  and  ZnO  to  a  lead  glass  prepared  with  7fi  parta  of  sand, 
13  parts  of  sodium  bicarbonate,  9  parte  of  manganese  carbonate,  6  parts  of  rino  oxide, 
and  50  parts  of  minim  ;  the  coefficient  of  dilatation  Is  high  and  it  may  be  used  for  lamp 
glasses  [Crislalleriai  de  BaeaiTiU).  In  Germany  the  same  and  even  better  resulte  wrre 
obtained  at  an  earlier  dato  with  borosilicate  glass  which  is  the  best  for  the  manufacture  of 
steam  gauges  for  high  pressures. 

GLASS  MANUFACTURE.  The  materials,  which  have  been  previously  analysed,  are 
finely  powdered  and  mixed  in  the  proportions  required  for  the  desired  quabty  of  glass.' 

These  substanccB  are  melted  in  suitable  fireclay  pots  which  are  placed  in  melting  furnaces 
constructed  of  highly  refractory  materials. 

The  gaa  furnaces  of  Pr.  Siemens  are  now  general  in  the  glass  industry,  and  consist  of 
three  perfectly  distinct  portions,  the  generator  or  producer,  the  true  melting  furnace,  and 
the  regenerator.  Siemens'  gas  producer  118(H),  which  has  enabled  30  to  40  per  cent,  of 
fuel  to  be  saved,  is  based  on  the  principle  of  passing  a  current  of  air  or  steam  through  the 
red-hot  fuel,  consisting  of  peat,  wood  residues,  or  preferably  coke,  arranged  on  an  inclined 
plane,  U,  the  lower  part  of  which  consiste  of  a  grate  arranged  in  steps,  C  (Pig.  207) ;  the 
whole  ie  enclosed  in  a  brickwork  chamber.  Energetic  combustion  is  only  started  in  lh« 
lower  portion  of  the  heajwd-up  fuel,  through  which  air  is  drawn  fiom  within  ;  at  tho  samu 
time  a  fine  spray  of  water  is  introduced  through  tho  tube,  B.    The  producto  of  combustion 

'  Here  ue,  tor  eiaiople,  two  rccipeb  tot  wInJow  or  bottlo  glua 

3«i.d  SO,N..         Soda  ceo.  Cok.        ^o^^;;^        ItoO.  AhO  Sb.^. 

1.     kilos  100  37  S3d  i       .  —  ___ 

II.      „       lOO  —  SB  17  —  Eg  0-«00  0-180  O-ltO 

la  llHuo  Kclpei  the  s  to  S  per  ccut.  o(  (Ikall  which  ii  l»t  daring  tTMUDaat  li  ainadj  aUomd  to. 
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tans  through  the  remaming  fuel  producing  a  kind  of  distillation  with  formation  of  a  gas 
■f  high  calorific  power,  whilst  the  COj  is  reduced  to  CO  and  the  st«am  is  decomposed  by 
he  red-hot  carbon  with  formation  of  hydrogen.  The  mean  composition  of  such  producer 
las  (p.  3d3)  is  28  to  33  per  cent.  (X),  Iito4per  cent.  H,  0-8  to4  per  cent.  COg,  62  to  W  per 
■ont.  N,  with  a  calorific  power  of  800  to  1000  cals.  per  cubic  metre. 

The  hot  gases  from  the  producer  pass  along  a  flue,  /,  about  4  metres  high,  through  a 
argc,  wide,  horizontal  iron  tube,  and  then  descend  when  somewhat  cool  down  a  vertical 
flue,  K,  at  the  bottum  of  which  there  is  a  cistern  of 
water  where  the  tarry  products  of  the  distiJlation  of 
the  fuel  condense.  These  would  otherwise  obsteuct 
the  succeeding  pipes.  The  gas  in  /  is  hot,  whilst  in 
K  it  is  cooler,  so  that  there  is  a  pult  from  /  towards 
K,  and  this  causes  a  strong  air  draught  through  the 
grate  of  the  producer  without  any  neeessity  for  fans 
or  ^r  injectors. 

The  gases  from  K  pass  through  small  hot  flues,  a 
Fro.  208.  (Fig,  208)  or  f  (Fig.  209),  situated  below  the  melting 

furnace,  into  a  common  chamber,  A ,  whence  they  pass 
through  a  reversible  valve,  E,  for  half  an  hour  into  the  chamber,  C,  from  whence  they  are 
carried  through  the  flue,  C,  into  a  couple  of  red-hot  regenerators  described  below  (Figs.  200 
and  210).    Meanwhile  the  gases  from  the  melting  furnace,/'  (Fig.  209),  pass  through  the  fiue, 
B',  into  the  chamber,  B,  after  having  given  up  their  heat  to  the  other  pair  of  regenerators, 
d'  (Fig.  209),  and  then  pass  to  the  chimney  through  the  fiue,  D.    After  half  an  hour 
D'  has  cooled  somewhat,  whilst  d' 
has  become  red  hot.    The  onrrent 
of   gas  is  then  roversed  by  alter- 
ing the  position  of  the  reversible 
valve,!  go  that  the  gases  from  the 
generator  first  pass  through  B  and 
B'   and   then   into    the    red-hot 
regenerator,  d',  whilst  the  gases 
from  the  melting  fomace  then  heat 
the  colder  regenerator,  D',  to  red- 
ness and  pass  through  the  flue,  C, 
into  the  chamber,  G,  and  thus  to 
the  chimney  through  D, 

The  regenerators  (Fig.  209)  are 
arranged  in  two  pairs  under  the 
melting  furnace,  and  consist  of 
two  systems  of  vertical  chambers 
filled  with  firebricks  which  are 
arranged  at  equal  intervals  so 
that  plenty  of  space  is  left  for  the 
passage  of  the  gas.  A  pair  of 
regenerators  which  have  been 
heated  to  redness  and  comprise 
the  two  halves,  D'  (Pig.  209), 
serve  on  the  one  hand  {D')  to 
heat  the  gas  from  the  producer. 

and  on   the   other   hand,  the   air  Fu).  209 

which  passes  to  the  melting  fur- 
nace. The  red<hot  gases  and  air  pass  through  separate  flues  into  the  common  chamber, 
£',  (wd  then  pass  to  the  furnace  through  its  fioor,  and  between  the  crucibles  where  the 
mixtnre  oat«hes  fire  producing  so  much  heat,  up  to  1200°,  that  the  mixturo  in  the  cnicibles 
melts.  These  hot  gases  then  escape  through  the  openingin  the  fioor  at  the  other  side  of  the 
furnace  and  heat  the  other  pair  of  regenerators,  d',  which  are  used  after  half  an  hoiu-  for 
he-ating  the  air  and  producer  gas.      On  p.  367  we  have  already  seen  these  generators 

■Ive  tfl  the  Qlcgg  volve  uKd 
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applied  to  ooko  production.  Apart  from  Siemens'  furnaces,  similar  types  evolved  by 
Nehso  and  Dralle  are  now  employed,  and  it  is  estimated  that  to-day,  for  oomfrfetel>- 
working  100  kiloR  of  glass,  130  kilos  of  coal  arc  required.  The  heat  is  still  incompletely 
utilised,  bat  three  to  four  times  less  fuel  is  used  than  in  the  old  furnaces.  At  th-f. 
surface  of  the  molten  glass  impurities  and  the  excess  of  alkali  sulphates  and  chloridr^ 
(glass-gall)  separate  and  aie  removed  with  an  iron  ladle,  or  if  present  in  small  qnantitir^ 
are  allowed  to  volatilise. 

The  glass  is  not  worked  at  this  very  high  temperature — 1000°  to  1100° — but  is  cooltd 
to  about  800°  by  allowing  cold  gases  (air)  to  circulate  in  the  flues,  k",  under  the  fnma(^>-- 
aoor. 

The  preparation  of  glass  in  pots  is  accompanied  by  many  difficulties  and  a  considcraUr 
expense  for  pots,  which  easily  wear  ont,^  Moreover  the  work  is  not  continuous  becauM> 
for  half  a  day  the  glass  is  melted  and  the  molten  glass  is  then  worked  during  another  half 
day.  For  these  re'asons,  attempts  were  made  without  success  by  Chance  and  Donzi"! 
to  employ  tank  furnaces,  but  later  Siemens  succeeded  in  solving  this  problem  vety  completely 
and  advantageously  by  using  the  hearth  of  the  furnace  itself  as  a  tank,  and  in  Fig.  210  a 


Fio.  210. 

section  of  one  of  these  furnaces  is  shown  together  with  the  course  of  the  gases  which  enter 
at  It  and  escape  at  S,  giving  ofi  their  heat  to  the  regenerators  placed  below. 

There  are  other  systems  of  regenerative  (but  not  recuperative)  fumacea  which  it  would 
take  too  long  to  describe,  and  it  is  also  impossible  to  describe  the  working  of  glass  in  order 
to  obtain  sheets,  bottles,  mirrors,  vases,  tubes,  ftd.,  in  this  volume. 

-  STAflSTK^:^.  The  glass  industry  has  to-day  acquired  a  certain  importenoo  in  Italy, 
and  the  supply,  even  of  cheaper  articles,  is  commencing  to  be  almost  independent  o£  other 
countries,  hi  1903  about  10,000  operatives  were  employed  in  Italy  in  varions  glassworks, 
which  produced  46,167  tons  of  various  objects  of  crystal  glass  of  the  value  of  £440,000 
(in  1908,  70,615  tens  of  the  value  of  £671,120)  ;  to  this  must  be  added  17,100  tons  of  glass 
sheets  and  bell-jars  of  the  value  of  £258,000  (and  19,650  tonBinl908  of  the  value  of  £291.040) ; 
fiirthernwre  there  were  produced  143  Ions  of  artistic  glass  and  enamels  of  the  value  of 
£L'8,600  (1943  tons  in  190S  of  the  value  of  £156.000).  and  also  5300  tons  of  glass  beads  of 
the  value  of  £180,000  (4500  tons  in  1908  of  the  value  of  £157,000),  of  which  four -fifths  wer* 
exported.  Itely  still  imported  5300  tons  of  ordinary  and  flmt  glass  in  1903  (11,766  tons  in 
1908),  3400  tans  of  bottles  and  carboys  (3797  tons  in  1908),  3000  tons  of  ordinary  and 
flint  glass  sheete  (6046  tons  in  1908),  and  199  tons  of  mirror  glass  (98  tons  in  1908).     The 

'  The  wDita  now  pMi*te  theet  cmclblca  from  a  pute  of  flreclay  with  Bnely  gronDd  eb*nmtte  tntal  vKh  a 
little  wsterind  minlnul  quuitltlei  ottodn,  which  are  caicfall;  dctFnnlnrd  iDoachcaat.  ItypnilaDged  miiJBg 
a v«'j'plut1c<callolda])maul>thiia  obtained  (E.Wobcr'tptoceu,  IMS), »  that  crvfllbiM  may  beobtaintd  whirh 
already  kC  In  th«  minld  In  a  few  boon,  andma;  benmoTgd  fram  It  In  t>D  daji. 
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glass  factories  of  Belgium  import  large  quantities  of  glass  into  Grermany  (more  than 
OOO  tons  in  1890),  in  spite  of  an  import  duty  of  £1  4«.  per  ton. 

In  Germany  in  1903,  61,000  workpeople  were  employed  in  the  glass  industry,  and 
BO^OOO  tons  of  glass  were  exported,  of  which  100,000  tons  consisted  of  green  bottles 
f  t^lie  value  of  £1,400,000,  and  66,000  tons  of  other  articles.  On  the  otlier  hand,  Germany 
niI>orted  15,000  tons  of  glass  of  the  value  of  £520,000. 

Austria  also  exports  large  quantities  (47,000  tons  in  1887). 

The  Belgian  glass  industry  employed  10,124  workpeople  in  1880,  about  23,000  in  1900 
.nd  about  31,000  in  1906,  in  72  works.  In  the  five  years  1891  to  1895  Belgium's  average 
reports  were  of  the  value  of  £1,920,000,  and  in  the  five  years  1901  to  1905  the  mean 
kxinual  exports  were  of  the  value  of  £3,440,000,  of  which  50  per  cent,  was  consumed  by 
Sn gland  and  British  possessions  (India,  Australia,  and  Canada) ;  50  per  cent,  of  the  average 
^x ports  consist  of  window  glass,  and  30  per  cent,  of  mirror  glass. 

In  France  the  glass  industry  occupied  37,000  workpeople  in  1896  and  about  43,000  in 
L  901,  of  whom  800  were  employed  in  the  manufacture  of  optical  glass,  10,900  in  the  manu- 
E&cture  Of  bottles  (14,700  in  1906)  and  3600  in  the  manufacture  of  window  glass.  The 
iiiaports  amounted  to  24,000  tons  in  1897  of  the  value  of  £600,000,  and  the  exports  to  104,000 
t43n8  of  the  value  of  £1,080,000.  In  1906  the  imports  rose  to  30,000  tons  of  the  value  of 
£720,000,  and  the  exports  to  132,800  tons  of  the  value  of  about  £1,680,000. 

In  the  United  States  three  Pittsburg  works  alone  have  a  total  capital  of  £2,480,000,  and  ' 
omploy  6000  workpeople.     The  annual  wages  of  these  amoimt  to  £600,000,  and  the  • 
production  is  466,000  tons.    The  Rochester  Tumbler  Company  is  the  most  important 
glass  and  bottle  factory  in  the  world.    It  produces  1,000,000  articles  per  week,  and  covers 
&   surface  of  six  hectares. 

Forty  per  cent,  of  all  the  glass  manufactured  in  the  United  States  comes  from  Pittsburg. 
The  Macbeth  Emaux  Glass  Company  is  the  largest  lamp-glass  works  in  the  world.  In  1 905 
there  were  400  glassworks  in  the  whole  of  the  United  States  with  an  invested  capital  of 
£18,000,000,  employing  64,000  workpeople,  paying  £7,600,000  yearly  in  wages,  consuming 
prime  materials  of  the  value  of  £5,200,000,  and  manufacturing  finished  products  of  the 
value  of  £16,000,000,  including  £6,600,000  of  various  bottles,  £4,400,000  of  pressed  and 
blown  glass,  £2,320,000  of  window  glass,  and  £1,600,000  of  plate  glass. 

The  United  States  supply  half  the  world's  production  of  flint  glass  plates  as  is  shown 
by  the  foUowing  summary  for  1906 :  France,  1,420,000  sq.  metres  ;  Belgium,  2,350,000 
sq.  metres  ;  Germany,  1,410,000  sq.  metres  ;  Holland,  80,000  sq.  metres  ;  Italy,  80,000 
sq.  metres  ;  Austria-Hungary,  275,000  sq.  metres  ;  Russia,  310,000  sq.  metres  ;  England, 
739,000  sq.  metres ;  United  States,  5,500,000  sq.  metres. 

CALCIUM  CARBIDE :    CaC, 

This  product  has  only  acquired  importance  during  recent  years,  but  was 
already  obtained  by  Wohler  in  1862  by  heating  an  alloy  of  calcium  and  zinc 
with  carbon.  It  was  obtained  in  the  electric  furnace  after  many  attempts 
by  Borchers  in  1891,  and  the  first  patent  was  taken  by  Bohm  in  the  same  year. 
In  1892  it  was  also  obtained  accidentally  by  Wilson,  and  was  then  at  once 
prepared  in  the  electric  furnace  by  Moissan,  from  which  time  the  process  became 
industrial. 

When  chemically  pure,  it  forms  transparent  crystals  of  sp.  gr.  2-2,  and  is  ob- 
tained by  heating  calcium  oxide,  obtained  by  heating  pure  marbletor  edness,  with 
metallic  calcium  or  with  pure  carbon  (sugar  charcoal),  CaO  +  3C  =  CO  +  CaCg. 
C.  A.  Hansen  showed  in  1909  that  during  this  reaction  an  equilibrium  is  estab- 
lished by  the  pressure  of  the  CO  and  that  the  reaction  starts  at  1275°,  and 
only  continues  at  1450°  on  condition  that  the  pressure  of  the  CO  is  kept 
below  the  critical  limit,  otherwise  the  reaction  ceases. 

Calcium  carbide  is  very  inactive  towards  most  reagents  and  insoluble  in  all 
solvents,  but  immediately  decomposes  in  contact  with  water  and  with  acids 
with  production  of  acetylene  gas,  CaCg  +  2H2O  =  Ca(0H)2  +  CgHg.  It  is 
therefore  necessary  to  always  keep  it  in  well-closed  bottles  and  thus  avoid 
access  of  moisture. 
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EnoFmooB  quantities  of  oalcinm  carbide  are  to-daj  prodnoed  industriallj  in  electric 
fumacee  of  very  varied  torrafl,  which  are  described  in  Qumeroua  patents  which  follow  fni*- 
another  incessantly  by  Siomens  and  Halako,  Hnroulf,  BuMior,  Pictet,  Rcgnoli,  tc. 

We  will  only  describe  a  single  typo  of  furnace,  that  of  Tenner,  because  it  is  thf*  ]i-^~ 
complex  (Fig.  211).  The  furnace  ia  lined  internally  with  refractory  niot«riala  and  has  i 
movable  bottom  which  acts  as  the  negative  electrode,  and  ia  formed  of  a  car  which  carrtt;: 
on  iron  plat«  covered  fo  a  depth  of  20  cm.  with  a  compact  layer  of  coke  held  together  b'.- 
tar.  The  positive  electrode  of  carbon  may  bo  lowered  from  the  top  of  the  fumaco.  li^- 
gaaea  which  arc  formed  during  the  reaction,  consisting  of  carbon  mono»de  at  2500",  epc.ij>- 
through  the  flue,  d.  When  the  furnace  is  ready,  connection  is  established  between  tlr 
polea  of  a  dynamo  working  with  a  oiurent  of  1500  to  2000  amps,  at  65  to  100  volts.  Tl-' 
anode  ia  then  lowered  until  an  electric  arc  is  produced  in  the  finely  powdered  mixture  i 
G6  parts  of  calcium  oxide  and  36  parts  of  coal  then  charged  in  through  the  small  openin  f .  ^ 
so  that  it  covets  the  anode  at  the  bottom  of  the  furnace  to  a  depth  of  30  cm.  The  ma.-' 
then  becomes  heated  up  to  3000°  and  higher.  Further  materials  are  added  during  scverJ 
hours  and  then,  after  the  molten  or  crystalline  calcium  carbide  has  cooled,  it  is  dischorgi-d 
by  removing  the  car  through  the  door,  D. 

Erlwein  and  Engelhardt  (Ger.   Pat.  206,175  of    19C"T' 

have  proposed  the  use  of  induction  furnaces  in  which  thf-rt- 

ia  less  loss  of  thermal  ener^.     Since  the  carbide  is  nt't 

produced  directly  by  the  electric  current,  but  by  the  high 

temperature,  it   is   immaterial'  whether  alternate   or   con- 

tinuoua  current  is  used.    For  the  production  of  1  kilo  of 

I  calcium  carbide  2800  cals.  are  required,  which  correspond 

to  3-24  kw.-houra,  that  is,  to  4-4  h.p. -hours  {ate  p.  371). 

and  thus  theoretically  each  horae-power  should  produce 

5-04  kilos  of  pure  carbide  per  twenty-four  hours    (which 

should  yield  349  litres  of   acetylene  per  kilo  of  carbide). 

but  in  practice  leas   than  4  kilos  are  obtained  even  under 

the  most  favourable  conditions.    More  exactly,  for  C'a<'h 

effective  horae'powcr  measured  at  the  furnace  (and  not  in 

the  transformer)  3'8  kilos  of  carbide  of  good  quality  (3"<' 

litres  per   kilo   of   carbide)   are  obtained  per  twenty-four 

Fio.  211.  hours,  or  4-3  kiloR  of  a  strength  which  yielda  280  litres  of 

gas  per  kilo,  or  again  5  kilos  of  a  strength  of  250  litres  per 

kilo.     The  cost  of  a  ton  of  carbide  may  be  calculated  approximately  as  follows :    1  -2  tons 

of  limestone,  I0'4fl.  +  0'6  tons  of  coke,  21  ■6».  -t-  12'8j.  for  consumption  of  electrodes  -t- 

28-Oa.  for  labour  +  15-2s.  for  general  expenses,  amortisation,  &c.  +  36'6«.  for  cltx;trical 

energy,  calculated  at  the  price  of  48«.  per  horso-powor-year  ;  total  for  one  ton  of  carbide 

£4  8«,    {Trartslator'»  note. — These  figures  do  not  add  up  correctly.)   In  Italy  in  the  work^ 

at  Torni  and  at  Bussi  the  Tofan  furnace  is  used  which  produces  about  1-8  tons  of  carbide 

per  horse -power -year  (almost  the  theoretical   amount)  of  a  strength  of  300  litres  of 

acetylene  gas  per  kilo. 

Lime  for  the  manufacture  of  carbide  should  contain  little  magnesia  (not  more  than 
I  per  cent.)  and  no  phosphates,  which  would  cause  the  acetylene  to  be  contaminated  wiib 
poisonous  hydrogen  phosphide. 

The  practical  application  of  carbide  for  lighting  purposes  is  known  to  all,  and  the  con- 
trivances for  the  preparation  of  acetylene  vary  very  greatly.  It  is  nowuaed  metallurgical  It 
as  a  reducing  agent  for  various  metallic  oxides,  salts,  Ac,  and  the  metals  Cu,  Pb,  Ag,  Xi 
are  thus  easily  obtained  from  their  corresponding  dry  chlorides  mixed  with  a  little  nielailu- 
oxide  :  40uO  +  CuCla  +  CaCj^  5Cu  +  CaClj  +  2C0i.  It  is  used  for  the  production  of 
acetylene  for  the  oxy-acetylene  blow-pipe,  for  illuminating  purposes,  &c.  (p.  176).  It  is  also 
used  in  large  quantities  to-day  in  the  manufacture  of  calcium  oyanamide  (see  p.  309). 

STATISTICS.  This  industry,  which  has  rapidly  acquired  very  large  proportions  and 
extended  to  almost  every  comitry,  has  only  been  able  to  continue  and  overcome  competi- 
tion in  those  places  where  electrical  energy  is  cheap.  Italy  is  amongst  those  nation.-^ 
which  are  most  favoured  in  this  respect,  as  it  has  various  cheap  wat^r-powers,  bnt  the 
industry  is  more  especially  helped  by  the  protective  tarlS  of  £4  per  ton  which  allows 
Italian  manufacturers  to  sell  carbide  at  low  prices  abroad  and  at  deu  prices  is  Italy, 


CALCIUM   CARBIDE  505 

The  Italian  production,  imports,  and  exports  are  given  by  the  following  figiuvs  : 


Production 

ExportB 

Imports 

Tons 

Tons 

Tons 

1900 

-        2,800 

1903 

16,260 

5,000 

1904 

27,300 

at  2248. 

to  24-Oa. 

4,366 

1905 

28,200 

17-6«. 

200«. 

8,955 

688 

1906 

28,350 

16-8*. 

19  28. 

10,200 

1,660 

1907 

30,560 

16-8«. 

19-28, 

8,587 

801 

1908 

35,760 

19-2«. 

22-4^. 

4,840 

1,760 

1909 

— 

- 

— 

1,811 

3,132 

Up  to  1907  there  were  4  carbide  factories  in  Italy  which  together  utilised  46,000  h.p., 
but  the  most  important  is  that  at  Temi  (Society  italiana  del  carburo),  which  alone  accounts 
for  more  than  two -thirds  of  the  whole  Italian  production  ;  in  1905  it  produced  more  than 
23,680  tons,  and  in  1907  more  than  24,800  tons. 

The  Societal  dei  prodotti  azotati  (calcium  cyanamide)  of  Bussi  now  produces  its  own 
carbide  and  in  1908  two  new  works  were  erected  at  Nami  in  Perugia  and  at  Capostello  in 
Aquila. 

The  world's  prodtiction  of  calcium  carbide  in  1909  is  estimated  at  about  280,000  tons. 

In  France  carbide  costs  £3  12«.  more  per  ton  than  in  Sweden,  but  in  1908  it  enjoyed 
a  protective  tariff  of  £2  8«.  per  ton.  There  are  10  amalgamated  works  in  France  capable  of 
producing  40,000  h.p.  and  2  independent  works  commanding  8000  h.p.  In  1904  only 
18,000  tons  of  carbide  were  produced  on  account  of  the  diminished  demand,  whilst  the 
ordinary  production  is  about  30,000  tons. 

In  Oermany,  the  carbide  industry  consumes  about  10,000  h.p.  ;  the  production  is  about 
12,000  tons,  but  it  is  not  increasing  because  Germany  is  less  satisfactorily  placed  than 
other  nations  in  regard  to  the  cost  of  electrical  energy,  and  there  is  no  protective  tariff 
for  carbide.  On  the  other  hand,  the  consumption  is  increasing  and  the  imports  in  1904 
were  14,840  tons,  17,256  tons  in  1905,  22,727  tons  in  1906,  25,834  tons  in  1907,  29,000 
tons  in  1908,  and  27,000  tons  in  1909.  The  German  exports  oscillate  between  8000  and 
10,000  tons.  Of  the  imports  into  Germany  about  one-third  come  from  Norway,  about 
one-half  from  Switzerland,  and  about  one-sixth  from  Austria. 

At  Cordoba  in  the  Argentine,  a  works  was  erected  in  1900  which  produced  1  ton 
of  carbide  daily  and  4  tons  daily  in  1908. 

In  Japan  there  is  a  single  carbide  works  which  now  utilises  10,000  h.p.  Formerly  the 
production  was  only  90  tons  per  annum,  which  covered  the  consumption. 

Switzerland  utilises  66,000  h.p.  in  the  manufacture  of  carbide,  although  it  only  produces 
30,000  tons  of  carbide,  of  which  26,000  tons  are  exported. 

Austria  utilises  35,000  h.p.  in  its  carbide  factories  and  the  annual  production  is  about 
25,000  tons. 

The  United  States  and  Canada  produce  about  45,000  tons  of  carbide. 

Nortoay  has  a  production  of  more  than  30,000  tons,  and  Sweden  of  about  15,000 
tons. 

Spain  and  Portugal  together  produce  about  12,000  tons. 

Commercial  cnrbide  has  a  greyish-yellow  coloiu:,  and  each  kilo  produces  about  300  litres 
of  acetylene  gas  with  water.*^    In  Italy  carbide  costs  from  £10  to  £12  per  ton  ;  that  which 

Analysis  of  Calcinm  Carbide.  Commercial  calcium  carbide  conBists  of  pieces  from  the  bIzc  of  a  pea  to  ttiat  of 
a  nnt  and  should  not  contain  more  than  10  per  cent,  of  dust.  Its  commercial  value  depends  upon  the  yield  of 
acetylene.  The  chemically  pure  product  should  theoretically  yield  548-7  litres  of  acetylene  gas  at  0"  and  760  mm. 
pressure  per  kilo  of  carbide  when  treated  with  water.  A  good  commercial  product  yields  300  litres  of 
acetylene,  although  carbide  of  poor  quality  is  often  found  in  practice  which  yields  less  than  280  litres.  The 
quantitatlTe  determination  is  carried  out  by  weighing  about  a  gramme  of  calcium  carbide  in  a  flask,  introducing 
a  test -tube  containing  two  or  three  times  its  weight  of  water,  closing  with  a  stopper  carrying  a  tube  filled  with 
dry  calcium  chloride,  and  then  weighing  the  whole.  The  apparatus  is  then  inclined  so  that  the  water  escapes 
from  the  test-tube  and  liberates  all  the  acetylene  from  the  carbide,  which  Is  dried  by  passing  through  the  calcium 
chloride  tube.  A  current  of  air  is  finally  drawn  through  the  apparatus  in  order  to  displace  all  the  acetylene,  and 
the  whole  is  reweighed,  the  loss  in  weight  representing  the  quantity  of  acetylene  by  weight  evolved  from  the 
given  weight  of  carbide,  and  the  volume  is  found  from  the  fact  that  one  litre  of  acetylene  weighs  1*165  grms. 

In  the  analyslB  of  carbide,  the  rational  preparation  of  the  sample  is  of  the  greatest  importance,  as  already 
described  In  the  case  of  coal  («e«  p.  371) ;  one  of  every  five  barrels  is  opened  and  a  kilo  removed. 

It  isalways  necessary  in  analysing  a  sample  of  carbide  to  determine  how  much  hydrogen  phosphide  it  produces 
as  this  is  polsonoas.    The  acetylene  should  not  contain  more  than  1  grm.  of  hydrogen  phosphide  per  cubic  metre, 
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was  exported  or  prodnoed  by  works  outside  Italy  in  1009  was  sold  at  £4  8«.  to  £4 160.,  charged 
into  the  bins  of  the  consumer. 

The  carbides  of  strontium  and  barium  are  obtained  in  a  similar  mannex  to  oalciuzn 
carbide. 

CALCIUM  PHOSPHATE— CHEMICAL  MANURES  AND 

SUPERPHOSPHATES 

In  the  section  on  phosphoric  acid  (p.  346)  we  have  already  seen  how  this 
acid  may  give  rise  to  three  series  of  salts. 

TRICALCIUM  PHOSPHATE  ;  Ca8{P04)2,  or  Tertiary  Calciiun  Phosphate, 
is  somewhat  scarce  in  the  soil  and  in  rocks,  forming  various  minerals  which 
are  described  below  under  CSxemical  Phosphatic'  Manures.  Plants  absorb 
the  phosphate  from  the  soil  and  accumulate  it  more  especially  in  the  seeds  of 
cereals,  vegetables,  &c.  The  phosphates  also  exercise  a  very  great  influence  on 
the  development  of  the  animal  organism,  because  they  are  the  fundamental 
constituent  of  bone,  of  which  the  ash  (p.  313)  contains  up  to  82  per  cent,  of 
tricalcium  phosphate.  This  phosphate  is  almost  completely  insoluble  in  'wat^r 
and  is  obtained  from  soluble  salts  (alkali  phosphates)  by  the  addition  of  a  soluble 
calcium  salt  in  presence  of  ammonia.  It  separates  as  a  gelatinous  mass, 
which  after  drying  forms  a  white  amorphous  powder  easily  soluble  in  acids 
(even  in  acetic  acid),  and  which  is  attacked  by  carbon  dioxide  dissolved  in 
water  and  may  thus  be  assimilated  by  plants  from  the  soil. 

The  SECONDARY  PHOSPHATE,  CaHP04  +  2H2O,  is  also  called 
Dicalcium  Phosphate,  because  the  calcium  has  replaced  two  atoms  of 
hydrogen  of  the  phosphoric  acid.  It  is  found  already  formed  in  small  crystals  in 
guano  and  is  obtained  as  an  amorphous  powder  by  mixing  a  solution  of  diisodium 
phosphate  with  calcium  chloride  in  presence  of  a  little  acetic  acid.  It  dissolves 
in  a  little  water,  but  is  decomposed  by  much  water  with  production  of  a 
turbidity  consisting  of  tricalcium  phosphate,  whilst  the  remaining  solution 
acquires  an  acid  reaction.  On  heating  to  redness  it  is  transformed  into 
calcium  pyrophosphate,  Ca2P207. 

The  PRIMARY  PHOSPHATE  ;  Ca(P04H2),  (Monocalcium  Phosphate) 
is  obtained  from  the  other  phosphates  by  treating  them  with  the  calculated 
quantities  of  sulphuric  or  hydrochloric  acid.  It  is  soluble  in  much  water, 
whilst  when  treated  with  a  little  water  tricalcium  phosphate  is  formed  and 
a  very  acid  liquid  remains. 

CHEMICAL  FERTILISERS 

In  the  course  of  this  work  we  have  become  acquainted  with  numerous  salts,  chlorides, 
nitrates,  sulphates,  carbonates,  ammonium  salts,  phosphates,  &c.,  and  as  many  of  these 
have  acquired  great  agricultural  importance,  and  to-day  form  the  basis  of  successfu 
agriculture  by  maintaining  or  increasing  the  fertility  of  the  soil,  we  will  devote  some  pages 
to  the  important  industry  of  artificial  manures.  In  1840,  Liebig  disproved  the  erroneous 
and  traditional  conceptions  which  were  then  prevalent  ^  in  connection  with  substances 

and  the  quantity  of  this  Is  determined  according  to  Lunge  and  Cedcrkreuts  by  passing  the  gas  produced  by  50  grins 
of  the  carbide  through  a  fresh  solution  of  sodium  hypochlorite  <about  75  c.c.  containing  2  to  3  per  cent,  of  hypo- 
chlorite) ;  phosphoric  acid  is  thus  formed  which  may  then  be  precipitated  with  magnesia  mixture  in  the  form 
of  magnesium  ammonium  phosphate,  MgiPtOT.  of  which  1  grm.  corresponds  to  0-6198  grm.  of  calcium  piKwphidc, 
Caal^t.  contained  in  the  carbide  or  to  0-307  grm.  of  hydrogen  phosphide,  PHg.  W.  Hinrichsen  showed  in  1907 
that  only  half  of  the  phosphorus  contained  In  the  carbide  is  transformed  into  hydrogen  phosphide,  and  that  the  rest 
forms  o^^nic  phosphorous  compounds  which  are  absorbed  by  the  hypochlorite,  whilst  it  is  not  known  whether 
they  are  poisonous.  In  any  case,  he  advises  the  determination  of  all  the  phosphorus  by  the  process  of  completely 
burning  the  acetylene  according  to  the  method  of  Lidholm  (1897). 

^  Until  the  middle  of  last  century,  and,  if  we  wish  to  go  backwards  in  history,  also  from  the  remotest  antiquity 
when  agriculture  Itself  arose,  the  only  substance  which  was  supposed  to  supply  and  replace  the  nourishment 
periodically  removed  from  the  soil  was  stable  manure  and  excrements  in  general.  Guano,  the  excrement  of  birds, 
has  besn  used  agriculturally  in  Peru  since  1800  (during  the  rule  of  the  Incas).  and  the  birds  which  produced  it 
were  protected  by  law. 

The  aetlon  of  dung  «m  attribatod  by  Palissy  in  1530  to  the  tolablo  salts  whioh  It  oontainwl.    In  1780. 
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i^hich  fertilise  the  soil,  by  numerous  experiments  and  treatises,  especially  by  his  book  on 
agricultural  chemistry  and  his  celebrated  pamphlet "  Die  Latrinenfrage,*'  in  which  he  showed 
that  all  green  plants  obtain  their  most  important  nourishment  in  the  form  of  mineral 
matter,  carbon  dioxide,  ammonia,  water,  phosphoric  and  silicic  acids,  lime,  magnesia, 
potash  (and  soda),  iron,  &c.  Human  and  animal  excrements  are  important  not  on  account 
of  the  organic  matter  itself  which  they  contain,  but  on  account  of  the  organic  substances 
which  are  produced  by  these  on  putrefaction,  by  which  the  organic  carbon  is  transformed 
into  carbon  dioxide  and  the  organic  nitrogen  into  ammonia,  nitrates,  &c.,  so  that  in  order 
to  maintain  the  fertility  of  the  fields  it  suffices  to  treat  the  soil  with  inorganic  salts  which 
are  utilised  by  the  plants  and  which  are  formed  to  a  large  extent  during  the  putrefaction 
of  organic  matter,  such  as  stable  manure,  &c. 

The  use  of  artificial  chemical  manures  has  only  extended  and  continuously  increased 
since  this  precise  and  rational  theory  was  enunciated  by  Idebig. 

In  order  to  determine  the  absolute  value  of  a  chemical  manure  it  is  necessary  to  consider 
it  apart  from  other  agricultural  factors,  which  are  also  of  great  importance,  such  as  the 
character  of  the  soil,  the  amount  of  heat  and  light,  &c.  Wolff,  Sachs,  Stohmann,  and  others 
made  artificial  cultures  of  plants  in  water  only,  in  which  they  dissolved  various  mineral 
salts.  On  the  other  hand,  Hellriegel  employed  quartz  sand  which  had  previously  been 
boiled  with  acid  and  washed  with  water,  to  which  he  then  added  the  various  inorganic 
chemical  manures  which  he  wished  to  study,  and  watched  the  growth  of  the  various  plants. 
The  result  of  all  these  experiments  was  that  lime,  potash,  magnesia,  iron,  phosphoric 
and  sulphuric  acids,  nitrates,  ammonia,  and  nitric  acid,  all  in  the  state  of  salts,  are 
indispensable  to  vegetation,  whilst'  the  plants  absorb  the  carbon,  oxygen,  and  hydrogen 
which  are  necessary  to  their  development  from  the  carbon  dioxide  of  the  atmosphere  and 
from  water. 

Atmospheric  nitrogen  is  not  directly  assimilated  as  was  shown  by  Boussingault,  although 
we  have  already  seen,  in  speaking  of  nitrogen,  that  certain  micro-organisms  may  serve  as 
intermediaries,  as  in  the  case  of  leguminos»,  by  assimilating  free  nitrogen  (p.  30). 

In  the  cckse  of  the  ordinary  commonly  cultivated  plants,  the  addition  to  the  soil  of  potash, 
phosphoric  acid,  and  nitrogen  is  always  indispensable,  because  the  soil  contains  little 
of  these  elements,  and  is  easily  exhausted.^  In  acid  and  peaty  soils  phosphates  are  almost 
completely  absent  and  there  is  a  deficiency  of  calcium  carbonate.    ^ 

In  1906  Germany  used  various  artificial  manures  of  the  value  of  £15,000,000,  of  which 
£2,880,000  was  spent  on  ammonium  sulphate,  £0,000,000  on  sodium  nitrate,  and  £1,520,000 
on  potassium  salts  (200,000  tons  at  £7  12«.  per  ton).  The  rest  is  accounted  for  by  super- 
phosphates, basic  slag,  guano,  &c. 

In  1905  Italy  consumed  more  than  500,000  tons  of  various  artificial  manures,  more  than 
two-thirds  of  which  consisted  of  superphosphates,  of  a  total  value  of  about  £1,720,000. 
France  annually  consumes  about  2,000,000  tons  of  various  chemical  manures. 
In  1899  Japan  imported  various  chemical  manures  of  the  value  of  £77,600,  in  1906 
of  £3,000,000,  and  in  1909  the  imports  rose  to  a  value  of  £4,000,000. 

We  have  already  considered  potassium  and  nitrogenous  manures  when  discussing 
the  potassium  salts  of  Stassfurt,  sodium  nitrate,  and  the  utilisation  of  atmospheric  nitrogen 
(pp.  303,  424  and  459).    We  will  now  consider  the  phosphatic  manures. 

PHOSPHATIC  MANURES.  Under  the  best  conditions  soils  contain  up  to  0-3  per 
cent,  of  phosphorus  pentoxide,  but  ordinarily  less  than  0*1  per  cent.  Various  crops  annually 
remove  considerable  quantities  of  this  substance.  Thus  wheat  removes  about  46*5  kilos 
of  tricalcium  phosphate  per  hectare,  hemp  95  kilos,  trefoil  111  kilos,  sugar-beet  94-5 
kilos,  &c. 

If,  therefore,  a  corresponding  quantity  of  phosphoric  acid  is  not  replaced  and  returned 

Leblanc  showed  the  importance  of  ammonimn  salts  for  vegetation,  and  Sprengel  conflimed  this  idea  and  added 
that  mineral  salts  in  general  play  a  great  part  in  vegetation.  It  was,  however,  through  the  Inflaence  of  two 
agriculturists,  Thaer  in  Germany  and  Dombasle  in  France,  from  1800  to  1840,  that  in  Europe  a  theory  pTcvailc<l 
that  the  importance  and  efficacy  of  stable  manure  was  not  due  to  mineral  salts,  but  to  the  organic  humus  which 
is  formed  during  its  fermentation  and  putrefaction. 

The  Inflaence  of  this  erroneous  theory  has  extended  to  our  own  days,  and  we  still  find  it  amongst  the  old  farmers 
who  have  not  yet  opened  their  ey^  to  the  light  of  modem  science. 

1  It  has  been  calculated  that  in  France  from  25,000,000  hectares  of  cultivated  soil,  about  600,000  tons  of  nitrogen, 
300,000  tons  of  phosphorus  pentoxide  and  755,000  tons  of  potash  are  annually  removed  by  the  various  crops. 

Powdered  blood  containing  about  Id  per  cent,  of  nitrogen,  horn  powder  containing  about  14  per  cent,  of 
nitrogen,  and  hide  powder  with  7  to  10  per  cent,  of  nitrogen  are  sometimes  used  as  organic  nitrogenous  manures, 
bot  are  not  very  efficient. 
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to  the  soil,  this  will  become  sterile  in  a  short  time.  This  is  what  has  happened  during 
past  centuries  in  Greece,  Sicily,  Egypt,  and  Spain,  which  once  formed  the  so-caDed 
granary  of  Europe,  and  to-day  their  production  is  enormously  diminished  because  the 
replacement  in  adequate  amount  of  the  phosphoric  acid  removed  by  the  com  was  not 
thought  of. 

Liebig  proposed  in  1840  to  render  the  fertilising  action  of  bone-meal  i  more  effective  bj 
first  treating  it  with  sulphuric  acid  in  order  to  obtain  soluble  phosphates,  and  in  1857  ht 
proposed  to  treat  mineral  phosphates  in  a  similar  manner  thus  converting  them  into 
superphosphates.  In  England  about  200,000  tons  of  superphosphates  were  already 
produced  in  this  manner  in  1862. 

Since  this  time  one  of  the  largest  branches  of  modem  chemical  industry  has  arisen 
which  has  developed  with  startling  rapidity  and  caused  a  true  revolution  in  agricultural 
methods  (see  hdow,  Statistics). 

The  most  important  source  of  mineral  phosphates  which  was  used  in  the  past  for  the 
preparation  of  manures  was  guano,  which  consists  of  enormous  deposits  of  excrements 
and  skeletons  of  birds  and  other  animals,  formed  during  past  geological  epochs,  and  accord- 
ing to  their  geological  position  and  to  the  action  exercised  by  water  they  are  more  or  le&^ 
nitrogenous. 

Powdered  guano  is  often  used  without  chemical  treatment,  although  endeavours  are 
now  made  to  render  it  somewhat  assimilable  and  more  soluble  by  suitable  treatment  with 
mineral  acids. 

Guano  is  found  more  especially  in  Peru,  Colombia,  Bolivia,  Patagonia,  &c.  In  1902 
Peru  exported  61,000  tons  of  guano. 

Germany  imports  variable  quantities  (2360  tons  in  1904,  8030  tons  in  1906,  and  22,000 
tons  in  1907). 

The  most  abundantly  used  phosphatic  deposits  to-day  consist  of  phosphorite  which  is 
the  prime  material  for  the  superphosphate  industry.  It  is  an  amorphous  tricalcium 
phosphate,  entirely  of  organic  origin,  being  perhaps  formed  by  the  fossilisation  and  minerali- 
sation of  ancient  deposits  of  nitrogenous  guano.  Unaltered  teeth  of  various  sizes  belonging 
to  various  species  of  animals  are  often  found  in  phosphorite.  The  phosphorite  which  i> 
used  for  the  production  of  superphosphates  throughout  the  world  is  mainly  furnished  by 
the  United  States  (Florida,  Tennessee,  South  Carolina),  by  Algeria  and  Tunis  (especially 
from  the  deposits  of  Gafsa),  and  in  minimal  quantities  by  Belgium  and  France  (see 
Statistics  hdow). 

Recently  a  deposit  of  26,000,000  tons  of  phosphorite  has  been  discovered  in  Tennessee 
and  another  of  30,000,000  tons  in  the  Society  Islands. 

Phosphorite  is  also  found  together  with  various  other  minerals  and  soils  forming 
deposits  of  phosphatic  chalk  and  sandj  containing  60  to  75  per  cent,  of  tricalcium  phosphate, 
of  which  important  seams  abound  in  England,  Spain,  &c.  The  utilisation  of  poorer 
phosphatic  deposits  has  now  been  also  undertaken  by  concentrating  them,  that  is,  by 
increasing  their  strength  by  means  of  heating  in  furnaces,  sometimes  followed  by  treatment 
with  mineral  or  organic  acids.  The  concentration  of  phosphorite  is  sometimes  also  effected 
by  levigation  with  water. 

Very  numerous  deposits  of  other  phosphates  are  also  found  in  nature  distributed  in 
smaller  or  larger  quantities,  especially  phosphates  of  aluminium,  iron,  and  the  relatively 
abundant  apcUite,  consisting  of  a  calcium  fluophosphate,  Ca8(P04)2.CaF2. 

Apart  from  phosphorite  and  guano,  basic  slag  and  unfossilised  bones  are  also  used 
as  sources  of  phosphoric  acid. 

The  bones  2  are  first  defatted  by  immersion  in  boiling  water,  or  preferably  by  treating 

^  For  more  than  a  century  already  the  beneficial  action  of  phospliatcs  on  the  soil  had  been  known,  and  tbev 
were  employed  in  the  form  of  bone-meal.  In  1840  the  Duke  of  Richmond  in  England  showed  practically  that  the 
fertilising  value  of  bones  was  not  due  to  the  gelatine  and  fat,  but  to  the  calcium  phosphate  which  they  oontaincvi. 

In  1841  Flaming  in  England  made  the  first  attempt  to  treat  bones  with  acids  in  the  manner  proposed  by  Liebig. 

In  1856  Elio  de  Beaumont  showed  the  value  of  finely  divided  mineral  phosphates,  but  the  results  would  have 
been  more  immediate  and  advantageous  if  the  mineral  phosphate  (tricalcium  pliosphatc)  had  been  suitably  trans- 
formed in  order  to  render  it  more  soluble  and  more  easily  assimilable. 

*  Bones  contain  from  55  to  65  per  cent,  of  tricalcium  phosphate,  from  1  to  3  per  cent,  of  magnesium  phoaphate, 
and  from  2  to  9  per  cent,  of  calcium  carbonate.  They  also  contain  certain  quantities  of  fat  and  of  ^ue  (gelatine) 
and  small  quantities  of  fluorides.  From  an  ox  or  a  horse  40  to  50  kilos  of  tricalcium  phosphate  may  be  obtained  ; 
from  a  pig  or  a  calf  from  7  to  12  kilos,  from  a  ram  from  4  to  6  kilos,  and  the  same  quantity  from  a  man.  Apiul 
from  the  bones  of  all  the  animals  which  are  slaughtered  daily,  large  quantities  have  been  amassed  in  the  quaternary 
epoch  (that  of  primitive  man)  in  the  caves  of  Oallenreuth  in  Franconia,  of  Lherm  in  France,  and  of  Suffolk  in 
England  &c.,  and  are  also  formed  to-day  in  the  pampas  of  the  Argentine  through  periodic  hctacombe  of  horses 
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them  with  carbon  disulphide,  petroleum  benzine,  or  carbon  tetrachloride.  The  gelatine  is 
then  removed  in  autoclaves  at  a  pressure  of  1|  atmospheres  in  presence  of  steam,  which 
transforms  the  ossein  into  gelatine  and  dissolves  this  latter.  Bones  which  have  simply 
been  defatted  still  contain  3*5  to  4  per  cent,  of  nitrogen ;  after  the  gelatine  has  been 
removed,  they  only  contain  0*9  to  2  per  cent.,  and  when  powdered  form  bone-meal  which  is 
an  effective  phosphatic  manure  and  also  contains  nitrogenous  matter. 

These  bones  are  often  employed  for  the  preparation  of  bone  euperpho&phate,  which 
contains  all  the  phosphoric  acid  in  a  form  soluble  in  water,  because  there  are  no  substances 
present  which  cause  reversion  as  do  the  alumina  and  iron  in  phosphorite.  Such  bono 
superphosphate  also  contains  1  per  cent,  of  nitrogen.  The  units  of  nitrogen  in  bono 
superphosphate  are  paid  for  apart  from  those  of  P2O5,  and  these  latter  units  fetch  *5d, 
to  'Id,  more  than  when  present  in  mineral  superphosphates. 

Bones  which  have  simply  been  defatted  and  powdeted  do  not  keep  well  because  a 
fermentation  occurs  which  destroys  a  considerable  portion  of  the  nitrogen.  This  difficulty 
is  avoided  by  moistening  them  with  dilute  sulphuric  acid. 

Bone  black,  which  is  obtained  by  calcining  the  defatted  bones  in  closed  vessels  out  of 
contact  with  the  air,  is  first  employed  as  a  decolorising  agent  in  sugar  refineries,  after 
which  it  scarcely  contains  any  more  nitrogen,  but  is  often  further  employed  for  the  prepara- 
tion of  bone  superphosphate,  because  it  contains  from  65  to  75  per  cent,  of  tricalcium 
phosphate. 

BASIC  SLAG  is  obtained  in  steelworks  from  the  dephosphonsation  of  steel  by  the 
basic  Thomas-Gilchrist  process  in  presence  of  much  lime  {see  Iron).  For  each  ton  of 
steel,  200  to  300  kilos  of  slag  is  obtained,  which  floats  upon  the  molten  steel  in  the 
converter,  and  is  easily  separated  from  the  surface  with  suitable  ladles,  when  it  sets  to  a 
hard  spongy  mass  which  is  powdered  in  ball  mills.  Basic  slag  is  now  also  obtained  in 
open-hearth  furnaces  and  is  equal  to  Thomas  slag.  To  obtain  it  in  a  more  brittle 
condition  before  powdering,  it  is  poured  into  water  whilst  still  molten. 

The  phosphoric  acid  in  the  slag  is  probably  present  in  the  form  of  basic  totracalcium 
phosphate,  Ca4P809,  united  with  1  mol.  of  calcium  sUicate,  CaSiOs,  and  contains  about 
75  per  cent,  of  total  phosphorus  pentoxide  which  is  soluble  in  ammonium  citrate,  since 
it  behaves  as  dicalcium  phosphate.  It  also  contains  from  10  to  20  per  cent,  of  free  lime, 
from  4  to  30  per  cent,  of  iron  oxide  (Fe208  +  FeO),  and  from  2  to  20  per  cent,  of  silica. 
It  usually  contains  from  14  to  16  per  cent,  of  P2O5  or  from  16  to  18  per  cent.  ;  and  for 
equal  strength  in  phosphoric  acid,  that  is  preferred  which  contains  most  SiOs. 

Basic  slag  is  placed  on  the  market  for  direct  consumption  in  very  fine  powder,  80  per 
cent,  of  which  passes  through  sieve  No.  100  (French  scale),  and  its  efficiency  is  proportional 
to  its  degree  of  fineness.  It  varies  in  colour  from  reddish  brown  to  dull  yellow  {see 
Analysis  below). 

In  1892  Europe  produced  about  1,000,000  tons  of  slag ;  in  1899  the  production  rose 
to  1,650,000  tons,  and  Italy  imported  about  70,000  tons  in  1902. 

The  demand  for  this  product  is  so  great  that  the  unit  of  P2O5  fetches  almost  as  high  a 
price  as  the  same  unit  in  the  form  of  superphosphate. 

THEORY  OF  SUPERPHOSPHATE  MANUFACTURE.  Tricalcium  phosphate, 
however  finely  divided,  being  insoluble  in  water,  only  comes  into  contact  or  is  absorbed 
by  the  roots  of  plants  very  slowly,  and  it  is  therefore  advantageous  to  transform  it  into 
monocalcium  phosphate,  CaH4(P04)2  (superphosphate),  which  is  soluble  in  water,  and 
therefore  easily  dissolves  in  the  soil  and  penetrates  uniformly  throughout  all  the  strata 
of  arable  land.  In  contact  with  the  lime  in  the  soil  it  is  transformed  into  dicalcium 
phosphate  and  also  into  tricalcium  phosphate,  insoluble  in  water,  but  it  is  then  so  uniformly 

and  cattle.  Our  descencUnts  in  the  distant  future  will  find  bone  deposits  in  many  cemeteries  of  our  present 
large  towns. 

Bocky  conglomerates  formed  of  bone  abound  in  Algeria,  and  of  these  6000  tons  were  exported  in  1893  and 
225.000  tons  in  1806. 

Germany  imported  5600  tons  of  bones  from  La  Plata  and  the  Levaut  in  1903  and  1000  tons  in  1907  at  a  price 
of  £4  to  £4  16s.  per  ton.  It  also  imported  enuhed  bone  from  Calcutta,  Bombay,  d'c,  to  the  amount  of  13,500  tons 
in  1903  and  8900  tons  in  1907  at  £4  16«.  to  £5  12s.  per  ton,  and  also  bone-meal  from  India,  South  America,  and 
Eussia  to  the  amount  of  6000  to  9000  tons  at  £4  per  ton  if  degelatinised  and  at  £4  16«.  to  £5  4«.  per  ton  when  it 
still  contained  the  gelatine.  To  these  quantities  3450  to  4500  tons  of  imported  bone  ath  must  be  added  at  £2  16«. 
to  £3  12*.  per  ton. 

Defatted  bone  and  bone-meal  were  exported  from  India  in  1006  to  the  extent  of  17,060  tons,  and  0400 
tons  in  1000.  Germany  imported  1750  tons  of  defatted  bone  In  1908  and  2792  torn  in  1000,  and  exported 
28S0  tODi  in  lOOO. 
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distributed  and  so  finely  divided  that  it  is  carried  to  the  root  terminals  and  the  juices  ol 
these  attack  and  assimilate  it  rapidly.  The  solubility  of  superphosphate  is,  therefore,  d 
advantage  entirely  and  only  because  it  temporarily  facilitates  this  subdivision  and  pene* 
tration  into  the  soil. 

Einely  ground  tricalcium  phosphate  may  also  be  employed  directly  for  peaty,  marshy, 
and  acid  soils,  or  for  other  soils  when  an  immediate  effect  is  not  required* 

Superpfiosphates  are  the  product  resulting  from  the  treatment  of  natural  tricalcinjii 
phosphate  with  strong  sulphuric  acid  in  such  a  manner  that  the  maximum  amount  of 
monocalcium  phosphate  soluble  in  water  is  obtained,  together  with  a  little  dicalciuin 
phosphate  soluble  in  ammonium  citrate,  mixed  with  the  crystalline  gypsum  which  restdu 
from  the  reaction.^ 

If  an  excess  of  sulphuric  acid  is  employed,  this  remains  free  and  free  phosphoric  acid  > 
abo  formed,  whilst  the  resulting  superphosphate  is  moist  and  forms  pasty  lumps.  If  Uj".- 
small  a  quantity  of  phosphoric  acid  is  used  dicalcium  phosphate  is  mainly  formed  'which  i« 
insoluble  in  water,  but  soluble  in  ammonium  citrate.^  Thus  also,  if  unaltered  tricalciuir. 
phosphate  remains  this  forms  dicalcium  phosphate  in  contact  with  the  monocalciaxL 
phosphate.  The  iron  in  the  phosphorite  is  partially  obtained  as  primary  phosphate,  but 
in  certain  cases  if  the  phosphates  must  be  dried  it  reacts  with  the  monocalcium  phosphate 
forming  insoluble  ferric  phosphate  and  thus  diminishes  the  amount  of  soluble  phosphate*, 
that  is  to  say,  a  reversion  occurs  which  it  is  necessary  to  avoid  by  working  with  phosphorite 
which  contains  little  iron,  and  regulating  the  temperature  of  drying  of  the  superphosphate. 
This  reversion  also  occurs  in  the  soil,  and  in  order  to  retard  it  the  admixture  of  finely 
divided  stable  manure  with  the  superphosphate  has  been  proposed.  With  regard  to  yield, 
the  superphosphate  works  calculate  that  2  tons  of  superphosphate  are  obtained  from  1  tot. 
of  phosphorite. 

The  strength  in  phosphates  is  given  in  percentages  of  P2O5  soluble  in  water  and  in 
ammonium  citrate,  but  80  per  cent,  of  this  shoiild  be  soluble  in  water.  In  the  Grermac 
superphosphate  trade  the  strength  is  given  in  phosphorus  pentoxide  soluble  in  water, 
and  thus  the  same  superphosphate  will  be  indicated  in  Germany  by  a  figure  somewhat 
lower  than  that  on  which  it  would  be  sold  in  Italy.^ 

'  The  reaction  may,  in  many  cases,  be  thus  represented : 

'6Ga.(P0«).  +  6HaS0«  +  12HtO  =  6GaS04.2H,0  ■]■  4P0«H..Ca,(P0«)i 

and  this  latter  slowly  transforms,  forming  SGaH4(F04)t.HtO  with  water.  From  this  the  amount  of  w«t<T 
which  must  finally  be  added  to  the  mixture  in  order  that  the  superphosphate  may  not  be  moist  may  be  calculated. 
By  some  the  reaction  is  interpreted  in  the  following  manner : 

Ca.(P04)«  +  2Ha804  +  4H,0  =-  CaH4(P04),  +  2CaS04.2H,0.. 

In  the  treatment  with  sulphuric  acid  it  must  be  remembered  that  phosphorite  sometimes  contains  a  oonsidecabr 
quantity  of  calcium  carbonate,  from  1  to  20  per  cent,  or  more,  which  facilitates  the  action  of  the  acid  on  tbc  pixv- 
phate,  because  apart  from  heat,  carbon  dioxide  is  developed  which  renders  the  mass  more  porous  and  thus  facilitates 
the  reaction  and  more  complete  drying.  It  must  be  noted,  however,  that  an  excessive  quantity  of  calcium  carbonate 
results  in  loss  of  sulphuric  acid. 

Phosphates  such  as  apatite  which  do  not  contain  much  calcium  carbonate  react  with  sulphuric  add  with  morr 
difficulty  because  the  mass  does  not  become  heated  and  a  moister  and  less  porous  product  results.  In  auch  ca^cs 
it  is  necessary  to  work  with  hot  acid  or  to  admix  phosphorite  containing  much  limestone. 

If  the  phosphorites  contain  fluorides  (from  0-5  to  7  per  cent.)  or  small  quantities  of  chlorides,  hydrofluork*  i^r 
hydrochloric  acids  arc  formed  by  the  action  of  the  strong  sulphuric  acid,  and  since  silicic  acid  is  simultaneous!) 
liberated,  gaseous  silicon  fluoride,  SIF4,  Anally  results,  which  has  an  irritating  smell  and  is  obnoxious.  This  mu:^t 
therefore  be  removed  by  absorption  in  water  as  otherwise  it  would  be  harmful  to  the  health  of  the  workpeople 
and  the  vegetation  of  the  vicinity. 

'  In  superphosphate  works  the  exact  determination  of  the  quantities  of  sulphuric  acid  which  must  be  added  to 

each  type  of  phosphorite,  including  the  amount  consumed  by  the  carbonates,  fluorides,  sesquioxides,  Ac,  is  of 

mportance,  and  the  water  necessary  to  obtain  a  superphosphate  containing  10  per  cent,  of  moisture,  and  gypeom 

n  the  ciystallino  form,  must  also  be  determined.    If  water  is  present  either  in  excess  or  in  too  small  a  quaotit> 

the  superphosphate  remains  moist. 

In  German  works  the  quantity  of  sulphuric  acid  necessary  for  the  decomposition  of  phosphorite  la  detennintxl 

by  KUmpler's  method,  by  weighing  out  20  grms.  of  powdered  phosphorite,  treating  it  with  an  exactly  measurpd 

excess  (for  example,  20  c.c.)  of  sulphuric  acid  of  45"  B6.,  which  has  been  accurately  titrated,  in  agiaduated  l-ljtr* 

flask  and  digesting  in  a  water-bath  for  two  hours.    After  cooling,  the  whole  is  made  up  to  1  litre  with  wattr 

N 
It  is  filtered  then  and  50  c.c.  of  the  filtrate  are  titrated  with  a  rr  solution  of  sodium  hydroxide  until  a  precipitate 

commences  to  form,  showing  tliat  all  the  free  sulphuric  acid  is  saturated  and  that  the  reaction  with  mono-calciuoi 
sulphate  has  started.  By  deducting  the  free  sulphuric  acid  found  from  the  quantity  of  acid  employed,  the  quant  it  y 
of  acid  necessary  for  treatment  of  the  given  phosphorite  can  be  exactly  calculated,  although  in  the  case  of  pbo6- 
phorites  rich  in  sesquioxides  alittle  more  than  the  calculated  quantity  is  employed.  Any  tricalcium  phosphate  which 
may  remain  unaltered  constitutes  a  loss  to  the  manufacturer,  because  superphosphates  are  to-day  sold  acoonling 
to  the  strength  of  PaOs  soluble  in  water  and  in  ammonium  citrate  only. 

^  Analysis  of  SoperpbQSphate.  Preparation  of  the  tample.  The  preparation  of  the  sample  is  of  great  Importance. 
It  should  be  removed  from  several  sacks  and  at  various  depths  from  each  sack  by  means  of  a  samipling  tube  ■ 
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INDUSTRIAL  PROCESSES.  The  natural  phosphate  in  smaller  or  larger  pieces, 
soxnetimea  as  gravel,  is  loaded  loose  into  vessels  and  passes  from  these  into  trucks  in  which 
it  is  conveyed  to  the  works.  When  it  arrives  in  a  very  moist  condition,  which  is  rarely 
tlio  case,  it  must  first  be  dried  in  ovens.  Ordinarily  it  contains  from  1  to  3  per  cent,  of 
moisture,  but  not  more  than  5  per  cent,  can  be  tolerated  because  a  larger  quantity  renders 
tlie  subsequent  grinding  difficult. 

The  lumps  of  phosphorite  are  first  roughly  crushed  in  a  Blake  crusher  (p.  256),  which 
lias  an  output  of  3  or  more  tons  per  day.  The  material  which  has  thus  been  crushed 
must  then  be  finely  powdered  and  sieved.     Among  the  many  systems  proposed  for  this 

These  portions  aro  then  quickly  mixed  and  the  whole  forms  about  1  Idlo,  which  is  then  divided  and  introduced 
i  nto  three  dry  glass  bottles,  preferably  closed  with  glass  stoppers  or  with  a  good  cork  stopper  which  should  Anally 
be  paraffined.  The  stopper  is  tied  down  with  a  string,  the  ends  of  which  are  fastened  and  fixed  to  a  label  with  a 
seal,  and  the  stopper  itself  is  also  fixed  with  the  seals  of  the  buyer  and  the  vendor. 

On  the  label  the  statements  referring  to  the  contract  and  the  quality  and  quantity  of  the  product  are  stated, 
and  it  is  also  inscribed  with  the  testimony  of  Uie  two  parties  who  have  assisted  in  removing  the  sample.  The 
bamplo  is  sent  to  a  laboratory  selected  by  common  accord  for  the  execution  of  the  analysis.  Tl^e  second  sample 
may  be  eventuaUy  sent  to  another  laboratory  for  control,  and  the  third  is  reserved  in  case  of  disagreement 
between  the  results  of  the  two  first  laboratories. 

In  the  laboratory  the  chemist  notes  if  all  the  seals  aro  in  order  and  enters  the  details  on  the  label,  and  then 
if  the  superphosphate  is  dry  it  is  passed  through  a  sieve,  breaking  up  any  remaining  lumps  until  the  whole  sample 
has  passed  through.    If  the  sample  is  very  moist,  it  is  necessary  to  mix  it  by  hand  as  well  as  possible. 

Usually  the  determination  of  the  phosphoric  acid  soluble  in  water  and  in  ammonium  citrate  is  of  most  importance , 
and  sometimes  also  the  total  phosphate.  The  results  are  expressed  in  phosphorus  pentoxide,  PtOs,  and  the 
determination  is  made  in  the  following  manner  (official  Italian  method) :  For  the'detenninalion  of  the  photphoric 
acid  soluble  in  water  and  in  citrate^  5  grms.  of  the  substance  are  stirred  up  with  40  to  45  c.c.  of  water  and  the  liquid 
decanted  through  a  folded  filter.  The  residue  is  treated  similarly  three  or  four  times  with  watar,  and  finally  the. 
whole  is  poured  on  to  a  filter.  The  filtrate  is  collected  in  a  260  c.c.  flask,  acidified  with  a  few  drops  of  HNO„ 
and  the  residue  washed  on  the  filter  until  the  flask  is  filled.  The  filter  with  its  contents  is  placed  in  a  250  c.c. 
tlHsk  and  digested  at  30*^  to  40*  for  one  hour  with  100  c.c.  of  an  ammonium  citrate  solution  (prepared  by  dissolving 
400  grms.  of  citric  acid  in  water,  neutralising  with  ammonia  and  diluting  with  water  to  1  litre)  and  frequently 
stirred  ;  after  cooling,  it  is  made  up  to  250  c.c.  with  water  and  filtered. 

The  first  aqueous  solution  contains  the  phosphates  soluble  in  water  and  the  second  the  phosphates  soluble  in 
citric  acid.  The  phosphoric  acid  may  be  determined  separately  in  thefiBi  but  more  usually,  as  the  amount  of 
P,Ob  soluble  in  water  and  in  citrate  is  required  (80  per  cent,  of  which  should  be  soluble  in  water),  50  c.c.  of  each 
feolution  are  mixed  together,  diluted  with  50  c.c.  of  water  and  50  c.c.  of  ammonia  of  sp.  gr.  0-9,  and  magnesia 
mixture  then  added  a  little  at  a  time,  whilst  stirring  with  a  glass  rod  without  touching  the  waUa  of  the  vessel. 
Tho  magnesia  mixture  is  prepared  from  55  grms.  of  crystalline  magnesium  chloride,  70  grms.  of  ammonium 
chloride  and  650  c.c.  of  water  made  up  to  1  litre  with  ammonia  of  sp.  gr.  0-96.  After  adding  the  magnesia  mixture 
the  whole  is  allowed  to  stand  for  five  or  six  hours  and  then  decanted  through  a  filter,  the  weight  of  the  ash  of 
which  is  known.  The  residue  is  washed  several  times  by  decantation  with  dilute  ammonia,  and  finally  poured 
on  to  the  filter,  washing  untU  a  few  drops  of  the  filtrate  no  longer  give  a  precipitate  with  AgNO.  after  acidification 
with  HNO,.  Tho  filter  is  then  dried  in  an  oven,  heated  to  redness  in  a  platinum  crucible  and  allowed  to  cool 
in  a  desiccator,  the  precipitate  being  weighed  as  magnesium  pyrophosphate,  from  which  tho  weight  of  PaOs  may 
be  found  by  multiplying  by  0-64. 

The  total  photphonu  pentoxide^  soluble  and  Insoluble,  is  determined  by  treating  5  grms.  of  superphosphate 
with  25  grms.  of  hydrochloric  acid  +  5  grms.  of  nitric  acid  +  70  grms.  of  water,  boiling  for  half  an  hour  and  diluting 
with  water  to  250  c.c.  To  10  c.c.  of  this  solution  4  c.c.  of  an  ammonium  citrate  solution  (of  standard  strength) 
arc  added ;  it  is  neutralised  with  NH.,  and  5  c.c.  of  HNO,  +  15  c.c.  of  ammonium  nitrate  +  40  c.c.  of  a  molybdic 
acid  solution  are  added.  The  molybdic  acid  solution  is  prepared  by  dissolving  150  grms.  of  ammonium  molybdato 
in  1  litre  of  hot  water,  pouring  this  solution  into  a  litre  of  nitric  acid  of  sp.  gr.  1-2  and  allowing  the  whole  to 
settle  for  some  days.  After  adding  the  molybdic  acid  solution  the  liquid  is  heated  to  80**  to  90**  for  ten  minutes, 
allowed  to  cool,  filtered,  and  tho  precipitate  washed  with  a  solution  of  ammonium  nitrate,  containing  150  grms.  of 
ammonium  nitrate  +  10  c.c.  of  HNO, ;  the  filter  is  then  pierced  and  the  contents  rinsed  into  a  beaker  with  2^  per 
cent,  ammonia  solution  and  precipitated  as  above  with  magnesia  mixture. 

In  certain  cases,  for  instance,  in  bone  superphosphate,  the  determination  of  the  total  nitrogen  contained  in  the 
manure  in  the  form  of  nitric  acid,  ammonia,  and  organic  nitrogen  is  of  interest.  For  this  purpose  the  Kjeldatil- 
Jodlbauer  method  is  used  (tee  description  and  figure  in  vol.  ii, "  Organic  Chemistry  "),  using  1  grm.  of  the  material 
in  a  300  c.c.  long-necked,  hard  glass  fiask  with  30  c.c.  of  phenolsulphuric  acid  mixture,  prepared  by  first  mixing 
200  grms.  of  sulphuric  anhydride  with  500  c.c.  of  strong  sulphuric  acid  and  then  adding  to  this  solution  a  solution 
of  40  grms.  of  pure  phenol  in  500  c.o.  of  strong  sulphuric  acid ;  after  digesting  the  substance  with  30  c.c.  of  this 
mixture  for  one  hour,  about  1  grm.  of  mercury  and  2  to  8  grms.  of  dry  zinc  dust  are  added  little  by  little  with 
shaking  and  cooling. 

The  whole  is  digested  for  a  further  hour  and  then  heated  to  boiling  for  one  to  three  hours  until  the  liquid  in  the 
flask  has  become  colourless.  After  cooling,  this  is  poured  into  a  half -litre  flask  containing  200  c.c.  of  water ;  100  c.c . 
of  sodium  hydroxide  solution  of  sp.  gr.  1*29  are  added  together  with  about  1  grm.  of  zinc  dust  and  the  whole  is  then 
immediately  distilled,  using  a  delivery  tube  with  a  special  bulb  which  prevents  the  spray  from  the  soda  solution 
from  passing  into  the  distlllato.  The  ammonia  which  distils  is  passed  into  an  absorption  flask  containing  25  c.c. 
of  normal  hydrochloric  acid  coloured  with  methyl  orange. 

When  the  liquid  which  distils  is  no  longer  alkaline,  the  excess  of  HG  is  titrated  witii  normal  soda  and  the 
(luantity  of  ammonia  or  of  nitrogen  then  calculated.  One  cubic  centimetre  of  normal  HCl  corresponds  to  0*017 
grm.  of  NH,  or  0-014  grm.  of  nitrogen. 

The  AnalyaU  of  Basic  Slag  is  ordinarily  couflned  to  the  determination  of  the  degree  of  flneness  and  the  percentage 
of  total  phosphoric  acid,  but  it  should  be  noted  that  in  order  to  ascertain  that  the  slag  has  not  been  adulterated 
with  ordinary  ground  phosphorite,  it  is  advisable  to  always  determine  the  amount  of  phosphoric  anhydride  soluble 
in  citric  add,  which  is  always  from  75  to  80  per  cent,  of  the  total  anhydride  In  the  pure  slag,  whilst  in  phosphorite 
it  is  only  10  to  12  per  cent. 

The  flnencH  Is  determined  by  weighing  the  quantity  of  powder  which  remains  on  a  Eahl  No.  100  sieve  (or 
Fnnab  sieve)  after  sieving  60  grms.  of  the  slag  for  a  quarter  of  an  hoar.    This  weight  most^be  multiplied  by  8 
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purpose  the  beet  reeulta  are  obtained  with  the  ball  milla  of  the  fitm  of  EViedrioh  Krupp. 
Id  Figs.  212  and  213,  transverse  and  longitudinal  sections  and  a  view  of  one  of  these  mill» 
are  shown.  They  oontiist  of  a  rotating  drum  of  2  J  to  3  metres  wide  and  up  to  2  metres  in 
length  constructed  of  perforated  steel  or  hardened  cast-iron  plates.  They  contain  two  tu 
three  tons  of  sfeel  baJls  of  varying 
aizes  (from  6  to  12  em.  diamott-r). 
The  drum  is  actuated  by  a  motor 
of  25  to  35  h.p.  The  plates 
inaide  the  drum  are  so  arranged 
that  they  form  steps  at  their 
junctions,  and  thus  the  baltb 
which  are  carried  round  by  the 
movement  of  the  drum  oon- 
tinually  fall  back  on  to  one 
another  below,  hitting  and  pul- 
verising ths  fragments  of  phos- 
phorite until  they  acquire  su<h 
a  degree  of  fineness  that  they 
first  pass  through  the  holes  in  the 
plates  and  then  partially  through 
a  fine  sieve  by  which  the  plates  are  sur- 
rounded. The  coarser  portion  which  dot-s 
not  pass  through  the  sieve  is  carried  up  by 
ledges  to  the  top  of  the  drum  during  its 
rotation  and  then  falls  back  to  the  bottom 
through  a  aiit  which  is  suitably  placed 
between  one  plate  and  another,  so  that  it 
is  again  ground.  The  fine  powder  whirh 
passes  through  the  sieve  gradually  colleclii 
at  a  lower  aperture  closed  by  a  flap.  Th(-;^<' 
mills  have  been  greatly  improved  of  recent 
years  by  various  works  (see  bdaic,  CcmenI 
Industry).  In  many  works  Griffin  mills 
arc  used  with  two  or  four  peatlcs.  Since 
1905  the  Kent  mill  has  been  widely  usi'd 
(Fig.  214),  and  consists  of  a  largo  free  grind- 
Pio.  213.  ing  drum,  (,  which  containa  thive  revolving 

cylinders  1,  2,  and  3  ;  the  upper  cylinder,  1, 
p  velocity  uf  180  revolutions  per  minute,  and  since  it  supports  the  grinding  cyliti- 
13  thia  also  to  revolve  at  40  revolutions  per  minute,  and  the  drum  in  turn  causes 

!c  at aaeoat of  80.    Th»c  sievn danot, bawe*ci,>lny>  yielil 
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the  cytindera  2  and  3  to  revolve  by  friction.    All  the  oylmderB  ace  partially  dependent  on 
one  another  because  they  are  connected  with  three  steel  springs,  m,  in  such  a  mumer  that 
when  one  of  them  ia  displaced  through  the  passage  of  an  eBpeoially  large  or  hard  lump  of  phos- 
phat«  the  energy  is  recovered  by  pressure  on  the  other  cylinders  and  is  thus  not  lost.     The 
phosphate  which  has  previously 
been  coarsely  ground  is  intro- 
duced into  the  mill  at  its  two  ex- 
tromitiee  hy  means  of  a  hopper, 
b,   and   aa  it  is  pulverised  it 
adheres  to  the  internal  surface 
of  the  grinding  dram  through 
centrifugal  action,  so  that  it  is 
continuously  carried  round,  and 
the  continual  grinding  action  of 
the    particles   on   one  another 
causes     a     very     muoh     finer 
grinding   than    is    the  case  in 
ball   milla.    This  machine  also 
uses  less   power    and    is    less 
rapidly  worn.    It  has  the  addi- 
tional advantage  that  the  large 
amount  of  noise  characteristic 
of   ball   milla  ia    absent.     The 
Kent  mill  is  now  also  used  in  ' 
cement  works. 

The  treatment  of  bone  is 
carried  out  with  somewhat 
different   machinery.     The  first 

crushing  of  the  degreased  bones  Fio.  214. 

is  carried  out  between  toothed 

cylinders  such  aa  are  seen  in  plan  and  in  elevatitm  in  Fig.  316.  A  further  cmahing  is 
carried  out  in  a  stamp  mill  (Fig.  216)  which  breaks  the  bones  upon  a  grating  which 
allows  the  smaller  pieces  to  pass  through.  Below  the  grating  there  is  a  helical  trans- 
mitter which  ouriea  the  product  to  a  grinding  mill  which  powders  it,  and  after  sieving 
it  is  treated  in  the  same  way  as  phosphorite. 


Pio.  215. 

After  the  phosphate  has  been  finely  powdered  it  is  treated  with  sulpburie  acid  in  order 
to  convert  it  into  Buperphosphato.  Superphosphate  works  ordinarily  produce  their  own 
sulphuric  acid  and  employ  one  portion  of  it  at  60°  Bi.  as  obtained  in  the  Qlover  tower 
and  the  rest  at  52°  B^.  as  obtained  direotJy  in  the  lead  chambers.  It  is  always  necessary 
to  accurately  determine  the  strength  of  the  acid  which  is  employed  in  order  to  be  able 
to  exactly  calculate  the  quantity  which  is  required  for  a  given  weight  of  the  previously 
analysed  phosphorite. 

The  first  reaction  between  the  acid  and  the  phosphate  is  carried  out  in  a  mixer. 
I  33 
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The  first  types  of  miung  maohine  consisted  of  ftn  inolined  leaden  ojdmder  {Fig.  217) 
oontaining  a  shaft  provided  with  bladea  wluoh  mixed  the  powder  and  the  acid  which  wrae 
introduced  into  a  hopper  at  the  upper  part  and  then  discharged  from  the  lower  part  into 
a  chamber  beneath  ("  pit  "  or  "  den  ").  To-day  horisontal  oast-iion  mixers  vitb  blade- 
stirrers  are  generally  used. 

Lorenz  employs  a  mixer  with  a  spedal  stirriff  similat  to  the  earth-board  of  a  ptoogh, 
which  revolves  rapidly  so  that  complete  mixing  is  attained  in  half  a  minute.  The  mixer,  a 
(Fig.  218),  is  supported  on  a  wall  which 
ecparates  the  two  pits  which  receive  the 
superphosphate ;  it  has  two  dischar^ng 
openings,  each  of  which  commnnicates  with 
one  of  these  pits,  g.  Up  to  S  tons  of 
superphosphate  can  be  produced  per 
day  with  a  motive  force  of  2  h.p.  Since 
I  the  reaction  occurs  to  a  considerable 
exteat  in  the  mixer,  in  which  the  mass 
becomes  hot  and  evaporat«B  a  Uttle  water, 
drier  superphosphates  are  obtuned  by 
these  methods.  The  acid  passes  in  directly 
from  the  lead  chamber  and  the  Glover 
tower  imd  is  brought  to  the  required 
strength  in  the  vat,  k.  A  'smaller  vat.  A, 
measures  oS  the  necessary  quantity  of 
Flo.  216.  acid  oorresponding  to  the  charge  for  each 

operation. 
The  superphosphate  passes  out  of  the  mixer  in  an  almost  liquid  conditicni  and  collect.-i 
in  the  pits  in  horizontal  layers  until  these  are  half  filled,  after  which  they  aro  com- 
pletely dosed.  In  these  pits  the  reaction  between  the  sulphuric  add  and  thu  tri- 
caloium  phosphate  is  completed.  The  temperature  rises  considerably  and  much  gas  is 
evolved  consisting  of  carbon  dioxide,  silicon  fluoride,  hydrofluoric  acid  and  hydrochloric 
acid.    These  gases  escape  through  the  outlet,  h,  and  pass  through  it  into  the  absorption 

There  are  several  adjoining  pits  divided  by  walls  and  thus  whilst  one  chamber 
is  being  filled  the  contents  of  a  second  aro  stani^g  uid  a  third  is  emptied,  after  which 
it  is  allowed  to  oool  slightly.  Each  pit  is  capable  of  holding  50  to  100  Ions  of  super- 
phosphat«.     After    2    to    4 

days  thb  windows  and  dis-  "] 

charging  doors   of  the  pits  . 

are  opened.    These  apertures  ' 

are  closed  before  filling  with  \ 

bricks  or  with  wooden  boards  ! 

which    fit    tightly    and    are 
plastered  over  with  clay  in 

order    to    prevent    the    gas  J 

from     escaping.      In     some 

works     the     superphosphate  Pio.  217. 

is  already    discharged    after 

twenty -four  or  thirty-six  hours  in  order  to  powder  and  sieve  it  whilst  still 
hot,  and  dry  it  by  means  of  a  current  of  air  drawn  over  it  with  a  fan  in  order  <p 
remove  steam.  The  chambers  are  usually  discharged  by  hand  with  pickaxes,  and 
since  the  temperature  of  the  mass  is  high  and  noxious  gases  ace  evolved  a  fan  should 
be  employed  during  disahailging  in  order  to  draw  the  gases  away  into  the  fine  leading 
to  the  absorption  towers.  The  workmen  wear  clogs  and  are  provided  with  "Hard" 
masks  (safety  masks)  containing  a  sponge  moistened  with  a  dilute  soda  solutioD  m 
order  to  preserve  their  lungs  and  eyes  from  the  action  of  the  poisonous  gaaoe.  Id 
better  appointed  works  there  are  various  mechanioal  appliances  for  the  extraction  of 
superphosphates  from  the  chambers  {tee  Fig.  219),  thus  avoiding  any  injury  to  the  work- 
men (see  also  Qer.  FaU.  189.24S,  193,916,  and  196,938).  Smce  1908  the  simple  apparaliu 
of  the  engineer  AUogri  has  also  been  employed  in  certain  Italian  works.     It  acts  tike  ■ 
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plongh  vliiolL  gndoall;  removes  a  smftll  layer  from  the  olutmber  on  to  a  oontinaooa  band 
^uoh  oorriea  it  to  the  etorehouse.  One  of  these  machines  uaing  4  h.p.  disohai^es  20  tons 
or  looce  of  nq)erphoBphato  per  hour,  and  apart  from  the  rapidity  with  which  it  wodu  it 


effects  a  considerable  saving  in  labour.  We  illustrate  Milch's  apparatus,  which  is  somewhat 
widely  used  in  Gurope,  in  Fig.  219.  The  maturing  chamber  which  collects  the  super- 
phosphate paste  consists  of  a  very  large  horizontal  cast-iron  cylinder,  i,  which  may  contain 
up  to  30  tons  of  Biiperpbosphate  and  runs  on  wheels.    The  upper  longitudimtl  portion 


Fio.  219. 

of  the  cylinder,  S  and  •5',  and  the  djametrioally  opposite  portion,  oontdat  of  long  slits  which 
are  closed  by  plates  during  filling  ;  a  single  {^ata  at  the  top  is  opened  whilst  the  super- 
phosphate paste  is  passed  in  from  the  mixer,  V,  When  the  whole  mass  ctmtained  in  the 
cylinder  has  hardened  (after  three  to  four  hours)  it  is  removed  from  the  inside  of  the 
chamber  by  oausing  two  long  horiaontal  scrowH,  R,  which  carry  sleeves,  m,  attached  to 
the  large  cylinder,  to  revolve  by  means  of  the  spur-wheel,  Z.    Then  the  plato  which  closes 
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the  month  of  the  cylindei  at  the  end,  >,  is  opened  and  the  Barf»ce  of  the  hardened  nq>er- 
phoBphftt«  is  gradually  preaaed  against  the  wheel,  B,  whinh  caniea  metoUio  blades  which 
rapidly  revolve  over  its  surface ;  it  is  thus  cut  away  and  foUs  into  a  channel  below,  the 
plates  which  close  the  horizontal  bottom  of  the  cylinder  being  gradually  lemoved. 
When  the  oyUndor  has  been  completely  removed  from  the  chamber  and  emptied  in  the 
manner  described  all  the  movements  are  arrested  automatically. 

The  gases  from  the  maturing  pits  must  be  washed  before  they  are  allowed  to  eacapr 
into  the  atmosphere,  as  otherwise  they  would  injure  vegetation.  For  this  purpose  towers 
8  to  10  metres  high  are  used,  down  which  a  spray  of  water  passes  which  runs  in  a  thin 
layer  over  cement  plates  and  inclined  planes  arranged  in  such  a  manner  that  the  gas 
pursues  a  sig-zag  path  in  an  oppoute  direction  to  the  water.  The  gaaes  may  also  be 
washed  with  an  atomised  water-spray  obtained  with  a  Korting  apparatus  in  a  aeries 
of  special  chambers  which  force  the  gases  to  pursue  a  lengthened  path,  and  finally  to 
escape  free  from  harmful  substances.  AH  this  plant,  consiBting  of  towers  or  chambers, 
is  oonstructed  in  pitch  pino,  which  is  the  most  resistant  wood,  and  the  joints  of 
the  planks  are  made  good  with  molten  sulphur,  pitoh  or  bitumen,  otherwise  openings 
wonld  easily  form  because  fluosilicate  solutions  contiaat  wood  instead  of  canring  it 
to  swell. 

The  water  in  which  the  gas  has  been  washed  mainly  contami  fluosilioio  arid,  H,8iFg 
(up  to  12° B&).  It  isoither  mixed 
with  lime  and  discharged  into 
watercourses,  or  it  is  mixed  with 
a  10  per  <teat.  solution  of  sodium 
chloride,  and  the  sodium  fluo- 
silicate, NtuSiFg,  allowed  to  de- 
posit, sepa^ted  in  a  filter  proa 
and  then  dried,  when  it  eontoins 
up  to  68  per  oenL  of  fiuodUcale. 
This  may  be  utilised  in  eoamel 
factories,  for  the  manufacture  of 
opaque  glass,  or  of  oertain  special 
tiles,  and  is  sold  at  as  much  as 
Fio-220.  £18  per  ton.     The  superphosphate 

is  hot  when  removed  from  the 
chamber  and  contains  from  16  to  20  per  cent,  of  moisture.  It  is  in  the  form  of  lumps, 
and  is  powdered  in  a  crusher  formed  of  parallel  vertical  revolving  discs  oarrying  numerous 
pins  arranged  in  concentric  circles  (Fig.  220,  Th.  Carr's  disintegrator).  These  discs  revolve 
in  opposite  directions. 

Drying  by  heat,  which  is  carried  out  in  case  the  product  is  too  damp  through  an  erro'r 
in  manufacture,  is  a  delicate  operation,  because  when  the  hydroscopic  water  is  evaporated 
the  gypsum  loses  part  of  its  water  of  crystallisation  at  120°  uid  may  then  cause  reversion. 
The  truisformation  of  monocalcium  phosphate  into  acid  calcium  pyrophosphate  and  then 
into  oaldum  metaphosphate  at  200°  is  most  serious,  without  considering  other  causes  of 
reversion:    4CaH4(P04)a-  SCaHiPnO,  +  C6(P0,)g  +  SHjO. 

Ml  Whilst  superphosphates  containing  meta-  and  pyrophosphates  show  a  smaller  propor- 
tion of  Bolable  phosphorio  anhydride  on  analysis,  these  substances  are  slowly  decomposed 
in  the  soil  by  the  action  of  water  and  COg,  and  transformed  into  orthophosphatee  which 
are  aaumilable  by  the  plants  (Maercker),  Therefore  the  firm  of  Emilio  Giana  of  Vercelli 
has  expressly  manufactured  calcium  pyrophosphate  on  an  industrial  scale  since  1008  by 
direct  treatment  of  phosphorite  with  sulphur  dioxide  in  preeence  of  air : 

Cai(P04),  +  SOj  +  O  -  CaSO*  +  Cs,P,0,. 
This  product  is  a  white  powder  of  96  per  cent,  fineness  with  Kahl's  sieve,  which  does  not 
oorrode  the  socks  and  is  very  suitable  for  acid,  humous,  or  siliceous  wrils.  It  oontains 
26-5  per  cwit.  of  total  PaOo  and  only  3  per  cent,  soluble  in  dilute  citric  acid,  whilst  12  per 
cent,  dissolves  on  prolonged  contact  nnth  water  and  COg  (as  in  the  soil).  It  becomes 
almost  entirely  soluble  with  one-third  its  weight  of  sulphurio  acid,  which  is  the  amount 
necessary  to  convert  it  into  superphosphate. 

Of  the  various  types  of  drying  plants  the  best  results  an  obtained  with  a  long  twiokwork 
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chamber  (Kg.  221),  in  which  Kdrting  conTenimtJy  regnlatea  the  diBtribution  of  heat 
by  ftuig«d  pipes.  Small  tniokB  are  introduced  into  the  chamber,  which  are  piovided 
with  finely  perforated  iron  sheeting  on  which  the  Bupeiphosphate  ia  distributed  in  thin 
layers.  The  trucks  nearest  to  the  source  of  heat  are  the  first  to  dry.  Mid  idiilst  the 
trucks  iaaue  on  one  side  with  the  dry  product  others  with  the  moister  product  enter 
at  the  other,  in  such  a  manner  that  work  is  continuous  and  there  is  a  ratiimal 
utilisation  of  heat.    The  gaaea  which  escape  during  drying  should  be  led  to  the  absorption 

Superphosphate  ready  for  sale  is  kept  in  storehouses  protected  from  the  rain,  and  ia 
only  placed  in  sacks  at  the  moment  of  despatch,  because  these  sacks  are  attacked  in  time 
by  the  acid  in  the  superphosphate. 

Various  mixtures  of  superphosphate  with  other  fertilising  salts  are  also  prepued 
and  also  dovble  »wparpko*pKata  (of  almost  double  the  concentration  of  the  ordinary 


STATISTICS  AND  PRICES.  Production  of  crude  ^phosphate  (photphoritt).  In 
1906  the  American  product  cost  from  4»,  lOrf.  to  7*.  Z^.  per  ton,  according  to  strength, 
at  Hamburg  ;  the  African  product  cost  from  4».  to  6«.  Z^.  per  ton. 
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1903 

Ton* 

Tom 

Toni 

Tom 

Florid*. 

400,000 

650,000 

1,250,000 

1,692,100 

Tennessee       . 

40,000  (18M) 

600,000 

660,000 

465,500 

South  CaroUna 

600,000 

400,000 

300,000 

225,600 

Algeria  and  Tunisia 

6,000 

400,000 

1,050,000 

n,266,200(i«)9) 

\1,580,000(1«I9) 

400,000 

350,000 

400,000 

200,000(1900) 

Belgium          .         . 

400,000 

200,000 

155,000 

200,000 

In  1886  the  viorWa  production  of  photjAoritt  was  200,000  tons,  2,000,000  tons  in  1898, 
3,000,000  tons  m  1904,  4,000,000  tons  in  1006,  and  6,220,000  tons  in  1908. 

Of  the  phosphorite  imported  into  Italy^  two-thirds  originally  came  from  Africa  and 
one-third  from  America,  but  to-day  three-fourths  comes  from  Africa  (Gafsa,  Kolae 
Djerda,  and  Coustemtine),  containing  67  to  70  per  cent,  of  tricalcium  phosphate,  and  one- 
fourth  from  America,  The  African  phosphorite  contains  more  calcium  carbonate  and 
lesa  fluoride  than  the  American. 

The  Gafsa  company  for  the  production  of  African  phosphorite  has  a  capitfd  of  £720.000, 
and  is  located  at  Tunis.  It  commenced  by  producing  65,000  tons  in  1899 ;  in  1901  it 
[codaoed  178,000  tons,  m  1905  624,000  tons,  in  1907  746,000  tons,  and  in  1900  90Ci»O00 
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tons.  The  railway  which  leads  to  the  coast  at  Susa  is  now  finished,  and  when  the  farther 
railway  between  Tunis  and  Kalae  Djerda  is  completed,  this  source  of  phosphates  will  acquire 
even  greater  importance.  Tunisia  will  be  able  to  supply  an  abundance  of  phosphates  for 
a  further  century. 

In  1908,  France  imported  767,630  tons  of  phosphorite,  and  in  1909  645,192  tons,  apart 
from  the  200,000  tons  produced  in  the  oountry.  The  phosphates  from  the  8omme  valley 
contain  70  to  75  per  cent,  of  trioaldum  phosphate,  3  per  cent,  of  iron  and  alumina,  and 
cost  6'4d.  per  unit  of  phosphate  per  ton  in  the  ground  condition,  and  loaded  into  tmeks, 
early  in  1910.  American  phosphate  containing  less  than  5  per  cent,  of  moisture  costs 
£1  4^.  to  £1  Ss.  per  ton  of  70  to  80  per  cent,  strength  f.o.b.  at  the  port  of  departure.  In 
France  three-fourths  of  the  production  of  superphosphate  is  provided  by  the  numerous 
works  of  the  "  Sod^t^  de  produits  chimiques  de  St.  Gobain." 

In  the  Untied  States  of  America  in  1900  there  were  422  chemical  manure  works  with  a 
capital  of  £12,000,000.  In  1905  there  were  only  400  such  works,  but  their  total  capital 
was  £13,800,000,  and  they  employed  14,200  workpeople  and  1618  other  employees.  Apart 
from  the  manures  containing  potassium,  sodium,  &c.,  they  treated  1,300,000  tons  of  phos- 
phorite. The  production  of  phosphorite  is  very  large  as  it  is  largely  exported.  In  1905 
Florida  produced  1,200,000  tons,  of  which  580,000  tons  were  of  hard  rock  quality,  containing 
76  to  80  per  cent,  of  calcium  phosphate,  and  530,000  tons  of  land  pebble  quality,  containing 
68  to  73  per  cent.  ;  South  Carolina  produced  235,000  tons  of  land  rock,  and  Tennessee 
produced  440,000  tons  of  brovm  rock  of  78  to  80  per  cent,  strength,  and  45,000  tons  of 
blue  rock.  In  1909  a  Franco- American  society  in  Tennessee  commenced  to  exploit  a 
deposit  containing  25,000,000  tons.  The  phosphorite  of  Florida  is  always  very  rich  in 
fluorides. 

The  amount  of  phosphorite  utilisable  in  the  future  in  the  United  States  has  been  esti- 
mated as  follows :  3,000,000  tons  in  South  Carolina,  15,000,000  tons  in  Florida,  43,000,000 
tons  in  Tennessee,  and  100,000,000  tons  in  Idaho,  Utah,  and  Wyoming. 

The  production  of  superphosphate  in  the  various  countries  was  as  follows  : 


1900 

1904 

1908 

Imports 

Exports 

Imports 

of 

pliospfaoEit« 

United  States  of 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

America 

1,600,000 

3,800,000 

— - 

— 

^— 

r  720,000 

France 

1,150,000 

1,250,000 

1,608,000 

(1908) 
645,000 
1    (1909) 
630,200 

England    . 

750,000 

800,000 

1,200,000 

— 

— 

(1908) 
451,800 

Germany  . 

650,000 

• 

1,000,000 

1,600,000 

80,500 
(1909) 

169,000 

[  (1909) 
f  667,400 

Italy 

350,000 

450,000 

800,000 

— 

2,832 

(1908) 
609,400 

Belgium     . 
Austria- Hungary 
Russia 
Japan 

Spain 

330,000 
300,000 

120,000 

400,000 
400,000 

1,100,000 
800,000 

150,000 

800,000 

25,000 

(1905) 

120,000 

(1907) 

— 

[  (1909) 

100,000 
(1905) 
75,000 
(1907) 

The  world's  production  of  superphosphate  in  1904  exceeded  6,000,000  tons,  and 
7,600,000  tons  in  1906  and  about  9,600,000  tons  in  1908. 
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An  idea  of  the  rapid  development  of  the  superphosphate  industry  may  be 
gathered  from  the  following  Table  which  refers  to  the  superphosphate  production  of 
Italy  and  Germany : 


Gebkany 


Italy 


In  1867 

1,000  tons 

1872 

7,600    „ 

1883 

400,000    „ 

1000 

660,000    „ 

For  1904  to  1909  ate  last  page 


In  1893 

1895 

1899 

1903 

For  1904  to  1909  set  last  page 


72,000  tons 
145,686 
277,315 
400,000 


»» 


»> 


9> 


In  1907  Italy  produced  60,000  tons  of  bone  superphosphate. 

The  price  of  mineral  superphosphate  in  Italy  was  about  3*84(2.  per  kilo  of  phosphoric 
anhydride  soluble  in  water  and  in  ammonium  citrate  per  100  kilos  of  superphosphate. 
In  1904  the  syndicate  of  producers  was  dissolved  and  the  price  fell  to  2-88<i.  In  1906 
the  price  rose  again  to  3'84<2.  through  increased  cost  of  raw  materials.  In  1907  it  rose 
to  4:'224d,'4'22d,  and  in  May  and  June  1908  reached  4-32(2.-4*51 2<2.  per  unit  for  bone 
superphosphate  and  4*224<2.  for  basic  slag.  Then  a  drop  in  prices  occurred,  caused  by  the 
w^orld's  financial  crisis,  a  considerable  drop  in  the  price  of  raw  materials  and  over-production. 
In  1909  it  was  even  sold  at  2'SSd.-3'072d.,  and  it  was  only  in  May  and  June  1910  after 
the  syndicate  of  producers  had  been  reconstituted  that  a  minimal  price  of  3-264(2.  was 
fixed.  In  the  Table  below  the  oscillations  of  prices,  production,  and  imports  in  Italy 
during  the  last  few  years  are  shown.^ 

There  are  to-day  about  95  important  superphosphate  works  in  Italy  which  consume 
about  4000  h.p.  and  employ  4600  workpeople.  75  of  the^e  works  also  manufacture 
sulphuric  acid,  and  in  Sicily  a  works  has  been  erected  for  the  production  of  30,000  tons 
per  annum.  65  of  these  works  are  in  the  North  of  Italy,  25  in  Central  Italy,  and 
the  remainder  in  the  South. 

The  ConsumpHan  of  Basic  Slag  in  Europe  was  In  1886,  5000  tons,  almost  entirely 
m  Germany,  of  the  value  of  £1600  ;  in  1891, 400,000  tons  ;  in  1899,  1,655,000  tons  (of  which 
895,000  in  Germany  of  the  value  of  £2,120,000);  in  1907,  2,600,000  tons,  of  which 
1,500,000  tons  in  Germany. 

Italy  imported  70,000  tons  in  1902,  67,460  tons  in  1905,  81,840  tons  in  1906,  more  than 
129,000  tons  in  1907,  and  about  93,000  tons  in  1909,  of  which  two-fifths  came  from 
Belgium,  one-tenth  from  Germany,  and  one-fifth  from  England. 

In  1908  Russia  imported  1,000,000  tons  of  basic  slag.  Germany  imported  197,000 
tons  in  1907,  more  than  279,000  tons  in  1909  and  exported  361,000  tons.  Spain  imported 
30,000  tons. 


Year 

Price  per  unit 
otPtO 

Production 
in  tons 

Imports 

Exports 

Super- 
phosphate 
(?)    • 

Various 
unnamed 
fertilisers 

Basle  slag 

lOOS 
1004 

1006 

1007 
1008 
1000 
1010 

L.  0-40 

L.  0*30  (after  the  disaolation  of 

the  syndicate) 
L.  0-40  (through  increased  price 

for  phosphorite)    . 
L.  0-44  to  0-45  .... 
L.  0-46  to  0-47  .... 
L.  0-80  to  0-32  .... 
L.  0*82  to  0*34  (reconstltntlon  of 

the  manufacturing  syndicate) 

400,000 

450,000 

500,000 
651,000 
800,000 

700,000  r 

30,000 

23,700 
40,835 
40,880 
88,300 

17,500 

20,800 
30,040 
23,640 
24,000 

76,000 
60,000 

81,840 
120,000 
120,000 

03,000 

2300 
2800 
4250 

The  first  syndicate  was  dissolved  mainly  on  account  of  disloyal  infringement  of  the  mutual  compact  on  the  part 
of  many  producers.  The  excessive  rise  in  price  caused  hy  the  first  syndicate  and  hy  various  powerful  industrial 
groups  rendered  it  possible  for  many  co-operative  works  to  be  started  by  agriculturists,  especially  by  the  Federation 
of  Agriculturists  of  Piacenia,  and  thus  the  crisis  was  still  further  aggravated. 
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STRONTIUM :  Sr,  87.6 

This  element  is  not  very  abundant  in  nature  and  is  found  in  combination 
as  carbonate  in  Strontianiie,  SrCOs,  ^^^  ^^  sulphate  in  CelesHnSy  StSO^. 
It  was  already  studied  as  an  element  by  Hope  in  1792.  He  obtained  it 
free  by  electrolysing  molten  strontium  chloride  in  presence  of  ammonium 
chloride.  It  is  .also  obtained  by  heating  a  saturated  solution  of  SrCl2  with 
sodium  amalgam  and  then  distilling  the  mercury  from  the  strontium  amalgam 
which  is  so  formed. 

It  is  a  shining- yellowish  metal  of  sp.  gr.  2-5.  It  decomposes  water  at  the 
ordinary  temperature  ;  it  oxidises  in  the  air  and  bums  with  a  reddish  flame. 
The  heat  of  formation  of  the  divalent  Sr  *  ion  is  501  Kj. 

STRONTIUM  OXIDE :  SrO.  This  compound  is  formed  by  heatmg  the  nitrate  to 
redness  or  the  carbonate  to  a  white  heat,  or  perhaps  preferably,  by  heating  a  mixture  of 
strontium  carbonate  and  carbide  r  SSrGOj  +  SrC2  ■=  4SrO  +  5C0. 

Strontium  oxide  dissolves  in  water  with  evolution  of  heat  and  formation  of  the 
hydroxide. 

STRONTIUM  HYDROXIDE  :  SrCOH)^.  This  is  obtained  directly  by  heating  the 
carbonate  with  carbon  in  presence  of  steam  which  diminishes  the  partial  pressure  due  to 
the  CO2  by  carrying  it  away,  and  thus  causes  the  carbonate  to  dissociate  more  easiJy  : 
SrCOs  +  C  +  H2O  «=  200  +  Sr(0H)2.  Industrially  almost  all  strontium  compounds  are 
prepared  by  reducing  strontium  sulphate  to  the  sulphide  by  heating  with  carbon  and  then 
transforming  this  sulphide  into  other  compounds  by  suitable  reagents.  The  oxide,  for 
example,  is  obtained  by  heating  the  sulphide  in  steam  or  preferably  by  heating  the  sulphide 
solution  with  copper  oxide :  SrS  +  CuO  =  SrO  +  CuS.  llie  aqueous  solution  of  the 
hydroxide  is  strongly  basic  and  crystallises  with  8H2O  from  the  saturated  solution.  It 
has  an  important  application  in  the  extraction  of  the  sugar  of  beetroot  molasses,  which 
contain  45  to  60  per  cent,  of  sugar.  This  sugar  cannot  be  recovered  by  crystalliFation 
on  account  of  the  numerous  impurities  in  the  molasses.  Strontium  salts,  however,  form 
insoluble  saccharates  which  separate  and  are  then  decomposed  by  carbon  dioxide  with 
formation  of  sugar  and  strontium  carbonate,  which  latter  can  be  ufcd  for  the  production 
of  fresh  hydroxide.  This  process  is  used  in  Germany,  whilst  the  Italian  sugar  works  lu^ 
baryta  before  the  fiscal  legislation  of  1903  {see  Sugar,  vol.  ii,  "  Organic  Chemistry  "). 

Strontium  hydroxide  for  industrial  use  costs  £14  per  ton  ;  when  free  from  iron  £18  per 
ton,  and  chemically  pure  for  the  laboratory  2«.  5d,  per  kilo. 

STRONTIUM  PEROXIDE  :  SrOg.  The  corresponding  hydrate  is  first  prepared  by 
the  action  of  hydrogen  peroxide  on  a  solution  of  Sr(0H)2 ;  at  100°  this  hydrate  forms 
H2O  and  Sr02»  which  separates  as  a  white  powder. 

STRONTIUM  CHLORIDE :  S1CI2.  This  is  obtained  by  treating  the  carbonate  or 
sulphide  with  HCl ;  it  crystallises  with  6H2O  and  the  white  crystals  are  hygroscopic, 
readily  soluble  in  water  and  also  in  alcohol,  by  which  means  it  can  be  separated 
when  present  together  with  barium  chloride.  It  is  used  for  fireworks,  and  costs  £30  per 
ton. 

STRONTIUM  NITRATE :  Sr(N03)2.  This  compound  is  obtained  by  treating  the 
carbonate  or  sulphide  with  nitric  acid.  It  forms  colourless  crystals,  soluble  in  water  and 
almost  insoluble  in  alcohol,  by  which  means  it  can  be  separated  from  calcium  nitrat«  which 
is  soluble.  It  may  also  crystallise  with  4H2O.  It  is  used  for  fireworks  for  obtaining  a 
red  light  and  costs  £26  per  ton. 

STRONTIUM  SULPHATE  :  SrS04,  is  found  naturally  as  ceUstine  in  rhombic  crysUK 
isomorphous  with  anhydrite,  CaS04.  It  is  only  slightly  soluble  in  water  (1  :  7000),  and 
the  solubility  is  diminished  by  the  addition  of  alcohol.  Celestine  containing  95  per  cent,  of 
sulphate  costs  about  £3  per  ton,  whilst  pure  strontium  sulphate  obtained  by  precipitation 
costs  ten  times  as  much. 

STRONTIUM  CARBONATE:  SiCO,.  As  the  mineral  Mraniianite  this  is  found 
orystallisod  in  the  regular  system,  and  is  isomorphous  with  arragoniie,  CaCOs*  It  may  be 
prepared  from  the  sulphide  with  CO2,  or  by  precipitating  soluble  strontium  salts  with 
sodium  carbonate,  also  by  melting  strontium  sulphate  with  NagCOs.  At  1 100^  the  carbonate 
dissociates  into  SrO  +  CO2  ;  it  is  almost  insoluble  in  water. 
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BARIUM  :   Ba,  137.37 

This  element  is  fairly  abundant  in  nature  in  the  form  of  Heavy  SpaVy 
BaSO^,  and  as  Witherite,  BaCOg,  which  yields  the  various  salts  of  barium  with  the 
corresponding  acids,  whilst  heavy  spar  must  be  reduced  to  the  sulphide  by 
heating  it  with  carbon  before  other  barium  salts  can  be  obtained  from  it. 
Barium  is  obtained  in  the  metallic  state  by  the  electrolysis  of  molten  BaClj  in 
presence  of  NH4CI,  or  in  the  same  manner  as  strontium  from  barium  amalgam, 
but  the  new  electrol3rtic  process  of  preparation  from  BaClg  solution,  in  which 
mercury  is  used  as  a  cathode  and  forms  an  amalgam,  appears  to  be  better.  The 
amalgam  is  then  distilled  in  a  current  of  hydrogen,  and  barium  hydride  is  thus 
formed  which  loses  H  when  heated  in  vacrio,  so  that  pure  barium  remains 
(Guntz,  1907).    It  is  also  obtained  on  heating  barium  oxide  with  magnesium  : 

BaO  +  Mg  =  MgO  +  Ba. 

Barium  when  thus  obtained  is  pure  ;  it  has  a  metallic  appearance  with  a 
yellowish  reflex,  a  specific  gravity  of  3-75,  melts  at  850°,  and  decomposes 
water  more  energetically  than  calcium  and  strontium. 

Soluble  barium  salts  are  poisonous.  Metallic  barium  has  no  practical 
application  and  the  impure  product  obtained  from  sodium  amalgam  costs  6s, 
per  gramme,  whilst  the  pure,  electrolyiiic  product  costs  2Ss. 

BARIUM  OXIDE  :  BaO.  This  was  once  obtained  by  heating  barium  nitrate  or 
hydroxide  to  redness.  Frank  prepared  it  by  mixing  a  barium  salt,  BaCOg,  with  barium 
carbide  and  heating  the  mixture  out  of  contact  with  the  air.  The  porous  oxide  which  is  used 
for  the  preparation  of  the  peroxide  is  now  obtained  by  melting  the  hydroxide  together 
with  the  carbide  and  a  hydrocarbon,  for  example,  heavy  petroleum,  and  then  heating 
until  all  the  hydrocarbon  is  eliminated.  Egly  (1905)  obtains  the  porous  oxide  by  heating 
a  mixture  of  barium  carbonate  and  nitrate  mixed  with  a  little  hydrocarbon  to  redness. 
At  Niagara  Falls  the  oxide  is  industrially  obtained  in  the  electric  furnace  from  a  mixture 
of  4  molecules  of  BaS04  with  5  atoms  of  carbon  in  the  form  of  coke  ;  SO2  is  evolved,  and 
the  oxide  is  then  transformed  into  barium  hydroxide,  which  is  largely  used. 

W.  Feld  heats  barium  carbonate  with  carbon  free  from  hydrogen  to  a  high  temperature. 
Neither  free  nor  combined  hydrogen  being  present,  HgO  cannot  be  formed,  therefore  no 
Ba(OH)2  is  formed  and  the  reaction  is  facilitated. 

It  forms  a  white  amorphous  mass  which  actively  absorbs  water.  The 
crude  product  costs  £48  per  ton,  when  purified  £96,  and  the  chemically  pure 
product  £3  per  kilo. 

BARIUM  HYDROXIDE:  Ba(0H)2.  This  compound  is  formed  with 
evolution  of  heat  on  dissolving  the  oxide  in  water.  It  is  also  obtained  from  the 
carbonate  and  from  the  sulphide  in  the  same  manner  as  has  been  described  for 
strontium  hydroxide,  or  by  reducing  the  sulphate  with  carbon  and  treating  the 
barium  sulphide  so  formed  with  CuO  :  copper  sulphide  and  barium  oxide  are 
thus  produced.  On  lixiviating,  the  oxide  dissolves  to  form  barium  hydroxide, 
and  the  copper  sulphide  is  then  reconverted  into  copper  oxide.  It  has  been 
observed  that  the  copper  sulphide  easily  retains  much  barium  hydroxide  which 
is  then  transformed  into  carbonate  or  sulphate  and  renders  the  regeneration 
of  the  copper  oxide  difficult,  so  that  it  is  necessary  to  decompose  the  copper 
sulphide  by  wet  methods .     The  copper  oxide  may  also  be  replaced  by  zinc  oxide. 

Barium  hydroxide  is  also  prepared  by  transforming  the  sulphide  into 
carbonate  by  means  of  CO2  and  HgO  and  then  preparing  the  carbide  from  it 
by  heating  with  carbon  in  the  electric  furnace.  With  water  the  carbide  forms 
barium  hydroxide  and  acetylene,  which  may  also  be  utilised : 

BaCa  +  2H2O  =  Ba(0H)2  +  CgKj. 

Attempts  have  also  been  made  to  electrolyse  a  solution  of  barium  sulphide 
directly. 
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The  hydroxide  is  soluble  in  water,  forming  a  strongly  alkaline  liquid,  and 
crystallises  with  SHgO.  Barium  hydroxide  is  used  in  large  quantity  for 
the  extraction  of  sugar  from  molasses,  as  has  been  explained  in  the  case 
of  strontium  hydroxide.  The  crude  commercial  crystalline  product  costs 
£15  48.  per  ton,  the  anhydrous  product  £46  8^.,  and  the  chemically  pure 
anhydrous  product  costs  28.  5d.  per  kilo. 

Since  1903  barium  hydroxide  has  not  been  used  in  Italy  for  the 
extraction  of  sugar  from  molasses  because  this  sugar  extracted  from  molasses 
is  no  longer  exempt  from  taxation  as  was  formerly  the  case  {8ee  vol.  ii, 
"  Organic  Chemistry,"  Sugar).  In  1902  Italy  produced  about  3615  tons, 
in  1903  only  412  tons  of  the  value  of  £3920,  in  1904  about  70  tons  of  the 
value  of  £504,  in  1907  about  613  tons,  and  in  1908  about  45  tons  of  the 
value  of  £4000.     In  1909  it  imported  530  tons  of  the  value  of  £4240. 

In  the  United  States  50,500  tons  of  barium  hydroxide  were  produced  in 
1903  and  only  22,500  tons  of  the  value  of  £15,000  in  1904. 

BARIUM  PEROXIDE  :  BaO,.  This  is  obtained  from  the  oxide  by  heating  to  about 
500*'  in  presence  of  air.  At  higher  temperatures  the  peroxide  loses  oxygen  {see  p.  180). 
The  crude  product  forms  a  greenish  mass,  but  when  pure  it  is  a  colourless  powder  insohiUe 
in  water  and  forms  hydrogen  peroxide  with  dilute  acids.  On  heating,  it  evolves  oxygen, 
and  is  also  used  as  a  bleaching  agent. 

Barium  peroxide,  like  other  peroxides,  such  as  hydrogen  peroxide,  Na202,  &c.,  contains 
the  group  — O — O — ,  which  is  relatively  unstable,  and  this  explains  the  oxidising  and 
reducing  power  of  peroxides  in  general. 

The  anhydrous  commercial  peroxide  of  85  to  89  per  cent,  costs  £40  per  ton,  and  the 
pure  product  £72.  In  1906  Italy  produced  60  tons,  which  enjoyed  a  protective  tariff  of  £4 
per  ton,  equal  to  that  on  the  oxide. 

Germany  exported  567*6  tons  in  1908  and  about  780  tons  in  1909,  and  imported  170  tons. 

BARIUM  CHLORIDE :  BaClj.  This  compound  crystallises  with  2H2O,  and  is  not 
hygroscopic  as  are  GaG2  ^^d  SrC]2.  It  loses  water  at  60°,  and  then  melts  at  about  800°. 
It  is  prepared  from  the  carbonate  with  HCl,  or  preferably  from  the  sulphide,  BaS,  by 
heating  it  with  a  metallic  chloride,  such  as  CaG2  or  FeCls  :  BaS  +  Cekd^  '=  ^^^  +  BaCl« ; 
thus  by  Kolb's  method  a  mixture  of  100  parts  of  barium  sulphate,  36  parts  of  lean  coal, 
and  68  parts  of  calcium  chloride  in  very  concentrated  solution  is  heated  in  a  furnace 
to  900°  ;  the  chloride  is  then  dissolved  with  hot  water. 

It  is  used  for  the  prevention  of  boiler  scale,  for  the  preparation  of  precipitated  barium 
sulphate  and  as  an  addition  to  ceramic  materials  in  order  to  prevent  the  efflorescence  of 
soluble  sulphates  contained  in  the  prime  materials.  The  commercial  crystallised  chloride 
oosts  £6  to  £7  48,  per  ton,  and  when  purified  £12  16^.  Italy  produced  490  tons  in  1905, 
600  tons  in  1906,  800  tons  in  1907,  and  950  tons  in  1908  of  the  value  of  £7600  ;  Germany 
exported  5340  tons  in  1909  and  imported  1910  tons. 

BARIUM  NITRATE  :  Ba(N08)2.  ^I^s  is  obtained  by  dissolving  witherite  in  nitzic 
acid  or  by  treating  a  solution  of  BaC]2  in  the  heat  with  sodium  nitrate,  as  the  barium 
nitrate,  which  is  comparatively  insoluble,  then  separates.  According  to  Ger.  Pat.  198,861 
the  pure  nitrate  is  obtained  in  solution  by  heating  a  mixture  of  finely  powdered  barium 
carbonate  with  a  solution  of  calcium  nitrate  in  an  autoclave.  Undissolved  GaCOs  finaUy 
remains.  Barium  nitrate  forms  shining  octahedral  crystals  which  are  only  slightly  soluble 
in  water  (7  parts  in  100).    At  a  red  heat  it  decomposes,  forming  BaO. 

It  is  still  much  used  for  the  manufacture  of  the  peroxide,  and  is  also  used  for  fireworks 
in  order  to  obtain  a  green  flame.  It  costs  about  £20  per  ton.  Italy  produced  90  tons  in 
1907  of  the  value  of  £2160,  and  Germany  exported  613-2  tons  in  1909. 

BARIUM  SULPHATE :  BaSO^.  This  compound  is  found  in  nature  as 
barytes  or  heavy  8par  in  rhombic  prisms,  isomorphous  with  celestine  and  of 
sp.  gr.  4«6  ;  when  produced  artificially  it  is  employed  as  a  pigment  under  the 
name  of  permanent  white,  and  has  to  some  extent  replaced  white  lead  (lead 
carbonate)  because  it  is  less  poisonous  and  does  not  blacken  with  hydrogen 
sulphide  or  metallic  sulphides.  Natural  barium  sulphate  is  also  used  as  a  pig- 
ment after  grinding  it  very  finely,  but  it  is  not  so  valuable  as  that  obtained  by 
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precipitation.  The  well-powdered  natural  sulphate  is  mixed  with  charcoal 
and  heated  to  bright  redness.  The  mixture  of  barium  sulphide  and  oxide 
thus  formed  is  dissolved  in  water,  filtered  and  treated  with  sodium  sulphate. 
Barium  sulphate  is  precipitated  and  sodium  hydroxide  remains  in  solution.  The 
sulphur  dioxide  which  is  formed  in  the  furnace  in  which  the  sulphate  ia  heated 
with  charcoal  is  utilised  for  the  preparation  of  Na2S04  by  Hargreaves'  process. 

If  barium  carbonate  (witherite)  is  used  as  a  raw  material,  it  suffices  to 
dissolve  it  in  hydrochloric  acid  and  precipitate  with  sodium  sulphate  or  dilute 
sulphuric  acid  in  the  cold.  When  mixed  with  zinc  sulphide  it  forms  lithopone 
{see  Zinc  Sulphide). 

It  is  insoluble  in  water  (1  part  to  430,000),  and  also  in  acids,  and  for  this 
reason  it  is  used  in  analytical  chemistry  for  the  separation  of  barium  from 
soluble  salts  by  precipitating  it  in  the  form  of  sulphate. 

The  dry,  commercial,  precipitated  sulphate  (fixed  white)  costs  £9  12«. 
per  ton  and  in  paste  form  of  first  quality  £12.  The  second  quality  costs  £6 
and  finely  powdered  natural  barytes  costs  £4. 

In  1902  Italy  produced  220  tons  of  precipitated  barium  sulphate  and 
imported  1170  tons ;  in  1908  the  production  fell  to  56  tons  of  the  value 
of  £380  I6s.  ;  in  1904  the  imports  rose  to  1875  tons  of  the  value  of  £9000, 
in  1907  to  1540  tons,  and  in  1909  to  2095  tons  of  the  value  of  £7400.  The 
production  of  natural  barytes  in  1904  was  12,300  tons  of  the  value  of 
£10,940,  and  in  1908  it  was  15,730  tons  of  the  value  of  £13,120. 

Barium  Persulphate :  BaSsOg  +  4H2O,  is  obtained  by  electrolysing  barium  sulphate 
mixed  with  sulphuric  acid. 

BARIUM  SULPHIDE  :  BaS,  is  obtained  by  heating  barium  sulphate  mixed  with  coal, 
tar,  or  oU  in  a  furnace.  It  is  soluble  in  water  and  crystallises  with  6H2O  '»  it  is  phosphores- 
cent in  the  dark.  It  is  used  for  the  preparation  of  various  other  barium  salts  {see  above), 
and  also  replaces  barium  hydroxide  in  the  treatment  of  beet-sugar  molasses,  because  on 
treating  it  with  7  parts  of  hot  water  it  is  largely  transformed  into  barium  hydroxide  which 
partially  separates  in  crystals  on  cooling.  It  is  also  used  for  the  precipitation  of  arsenic 
from  sulphuric  acid  to  be  used  in  electric  accumulators,  and  is  sometimes  employed  for 
yulccmising  and  weighting  gutta-percha.  Commercial  barium  sulphide  varies  greatly  in 
strength  and  should  always  be  analytically  tested.  The  crude  sulphide  costs  £4  to  £4  1 69. 
per  ton,  and  when  purified  £40. 

Italy  produced  14  tons  in  1906,  1960  tons  in  1907,  and  2260  tons  in  1908  of  the  value 
of  £7240. 

BARIUM  CARBONATE  :  BaCOs.  This  compound  exists  as  witherite  in 
rhombic  crystals,  isomorphous  with  arragonite  and  strontianite,  and  has  a 
specific  gravity  of  4-3.  The  temperature  of  dissociation  of  barium  carbonate 
in  an  atmosphere  free  from  CO2  is  very  high  (1350°),  and  it  is,  therefore,  not 
easy  to  obtain  the  oxide  from  the  carbonate  by  heating  it.  In  an  atmosphere  of 
CO2  it  half  melts  at  1350°,  perhaps  because  a  basic  carbonate,  BaO. BaCOs, 
the  melting-point  of  which  would  be  1454°,  is  formed.  The  thermal  equation 
for  the  formation  of  barium  carbonate  is  BaO  +  CO2  =  BaCOg  +  62,200  cals. 
It  may  be  obi^ained  from  the  sulphide  with  COg  or  from  soluble  barium  salts 
with  sodium  carbonate. 

According  to  Fr.  Pat.  408,357  of  1909  and  the  supplementary  patent  of 
1910,  barium  carbonate  may  be  prepared  by  heating  100  parts  of  powdered 
sodium  sulphate  with  250  parts  of  sodium  carbonate  and  200  parts  of  water 
in  autoclaves  at  5  atmospheres  pressure.  It  is  then  filtered  and  [decanted 
and  yields  of  as  much  as  97  per  cent,  are  finally  obtained. 

It  forms  a  white  substance  insoluble  in  water  and  in  alcohol  and  soluble 
in  HQ,  with  which  it  forms  BaClj.  It  is  used  in  the  manufacture  of  terra-cotta, 
glass,  and  enamels.    Powdered  witherite  costs  about  £7  4«.  per  ton  and  the 
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precipitated  carbonate  from  £8  to  £12.  In  1902  Italy  produced  300  tons  of 
barium  carbonate  and  only  imported  three  tons.  In  1908  it  imported  13-7  tons 
and  produced  650  tons  of  the  value  of  £3380. 

HYDRAZINE 

Just  as  ammonia  has  a  certain  similarity  to  the  alkali  metals ,  so  the 
divalent  radical,  N2H4  (Hydrazine,  p.  327),  has  a  certain  similarity  to  the 
divalent  alkaline  earth  metals,  and  yields  a  series  of  derivatives  analogous  in 
constitution  and  properties. 

Thus  Hydrazine  Sulphate,  N2H4.H2SO4,  which  is  only  sb'ghtly  soluble  in 
water,  is  known,  and  so  is  a  chloride,  CINH3.NH3CI,  &c.  Certain  properties 
of  these  compounds  are  similar  to  those  of  the  alkali  metals.  Hydrazine 
also  forms  compounds  with  hydrazoic  acid,  &c. 

MAGNESIUM  SUBGROUP 

This  comprises  glucinum,  Gl  =  9-1 ;  magnesium,  Mg  =  24-32 ;  zinc,  Zn  = 
65-37 ;  cadmium,  Cd  =  112-4,  and  to  a  certain  extent  mercury,  Hg  =  200. 
The  basicity  of  magnesium  oxide  constitutes  a  link  with  the  alkaline  earth 
metals  which  have  just  been  described.  The  metals  of  this  group,  however. 
do  not  decompose  water  even  on  heating,  and  their  oxides  are  only  very  slightly 
soluble  or  insoluble  in  water.  The  hydroxides  and  carbonates  are  less  stable 
and  the  chlorides  are  partially  decomposed  in  presence  of  water  into  oxides  and 
HCl.  [Translator's  note, — The  statement  that  these  metals  do  not  decompose 
water  is  only  true  to  a  certain  extent.]  Another  important  difference  between 
this  group  and  that  of  the  alkaline  earth  metals  consists  in  the  solubility  of 
the  sulphates.  Zinc  and  magnesium  sulphate  crystallise  with  TH^O  and  form 
mixed  isomorphous  crystals  with  other  sulphates. 

Glucinum  and  magnesium  are  light  metals  (Gl,  sp.  gr.  1-8,  Mg  1*74),  whilst 
zinc,  cadmium,  and  mercury  are  heavy  metals  (Zn  =  7-1,  Cd  =  8-6). 

The  sulphides  of  the  alkali  and  alkaline  earth  metals  are  soluble  in  water, 
whilst  those  of  the  heavy  metals  are  insoluble  in  water  and  in  dilute  acids. 
The  sulphides  of  magnesium  and  glucinum  are  not  precipitated  from  solution:^ 
of  their  soluble  salts  by  HjS. 

The  closest  similarity  in  this  group  exists  between  glucinum  and  magnesium, 
and  the  next  closest  between  zinc  and  cadmium.  Mercury  is  in  many  ways 
allied  to  zinc  and  cadmium  in  mercuric  compounds,  where  it  behaves  as  a 
divalent  element,  whilst  mercurous  compounds  show  a  behaviour  approaching 
that  of  certain  derivatives  of  copper  and  silver. 

MAGNESIUM  :   Mg,  24.32 

This  element  is  not  found  free  in  nature,  but  abounds  in  various  minerak. 
especially  as  carbonate  in  Magnesite,  MgCOa,  and  in  the  double  carbonate 
of  calcium  and  magnesium,  Dolomite,  MgCa(C03)2 ;  it  is  also  fairly 
widely    diffused    as    a  silicate,    Asbestos,^    as    Tofc,   Mg8Si40|2,    Serpentine, 

*  Asbestos  was  already  known  to  the  ancients  who  used  it  in  the  form  of  fabrics  as  winding  aheeta  for  eorp6r!< 
which  were  to  be  cremated,  on  account  of  its  resistance  to  fire,  by  which  means  they  were  able  to  recover  tlie  port 
ashes.  In  its  chemical  composition  it  is  a  magnesium  silicate  in  which  varying  quantities  of  magnesia  are  nridarcd 
by  lime,  together  with  ferrous  oxide  and  alumina  as  impurities.  It  belongs  to  the  groap  of  the  nmphib^iUa, 
Its  composition  varies  with  the  source  from  which  it  is  obtained ;  thus,  for  exaitple,  the  Canadian  aMb€^<>« 
(ehrytotile)  consists  of  hydratod  magnesium  silicate  mixed  with  2  to  6  per  cent,  of  ferrous  oxide,  whilst  that  frosu 
the  Capo  contains  less  magnesia  and  more  iron  oxide.    It  has  a  more  or  less  pronouncedly  fibrous  stmctore. 

The  most  important  deposits  are  found  in  Canada  .then  in  Russia,  the  Cape  of  Qood  Hope,  and  a  little  in  tbt 
United  States  and  Italy.  It  is  dislodged  from  the  rock  and  fibrous  blocks  are  liberated  which  are  cmshed  vith 
suitable  machinery  in  order  to  separate  them  from  dust  and  also  to  separate  the  long  from  the  short  Hbrea.  Aabcstc* 
is  found  in  Italy  in  the  Val  Malenco  and  Piedmont  ( Val  d'Ossola  and  Val  dl  Lanio)  and  the  deposits  are  exploited 
by  an  English  firm.  Italian  asbestos  is  inferior  to  the  Canadian  product  as  its  fibres  are  shorter.  Italy  prodiic«i 
360  tons  in  IfKM  of  the  value  of  £4000  and  imported  2550  tons ;  in  1900  it  impoitsd  tt85  tarn  of  tlio  ^atoe  t4 
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lfg3Si20gH2.xH20,  as  Meerachaum,  Mg2Si30g.2H20,  but  most  abundantly 
in  the  form  of  magnesium  salts  in  the  Stassfurt  deposits  {see  p.  424),  as 
OamdUite,  KieserUe,  (MgS04.HjO),  Kainite,  Schimite  {KaSO4.MgSO4.6H8O), 
fee.  It  also  abounds  in  sea  water  in  the  form  of  chloride  and  sulphate.  The 
Dead  Sea  contains  about  10  per  cent,  of  MgCla. 

MetftUio  magnesiuiii  was  onoe  prepared  by  reducing  the  chloride,  MgCl2>  with  metallic 
sodium  (Davy's  process,  modified  by  Bussy  in  1830) ;  to-day,  however,  it  is  all  prepared 
electrolyticaUy  in  the  Hemelingen  works  at  Bremen  and  a  small  amount  in  the  Elektron 
works  at  Griesheim,  by  the  electrolysis  of  molten  magnesium  chloride  as  was  proposed  by 
Bunsen  in  1852,  or  preferably  from  molten  camallite  (Mg0l2.KCl)  which  is  more  easily 
obtained  free  from  water. 

The  operation  is  conducted  in  a  steel  crucible  which  acts  as  a  cathode,  the  anode  being 
formed  of  carbon.  During  the  fusion  and  electrolysis  of  the  camaUite,  potassium  and  sodium 
chlorides  are  added  in  such  proportions  that  the  molten  mass  always  contains  41*6  per  cent, 
of  MgClg,  32*6  per  cent,  of  KCl,  and  25*66  per  cent,  of  NaCl,  thus  forming  a  kind  of  artificial 
camallite.  A  current  of  100  amps,  per  square  metre  at  an  E.M.F.  of  7  to  8  volts  is  used. 
The  magnesium  collects  in  numerous  small  spheres,  which  are  separated  by  crushing 
the  mass  after  cooling.  These  magnesium  spheres  are  melted  together  in  a  crucible  with  or 
without  the  addition  of  fluxes  (GaFs),  and  are  then  cast  into  bars.  According  to  U.S. 
Pat.  935,706  of  1909,  magnesium  is  prepared  electrolytically  by  first  forming  an  alloy  of 
aluminium  and  magnesiunL 

Magnesium  is  a  metal  of  silvery  appearance  which  does  not  alter  in  dry 
air.  Its  specific  gravity  is  1-7  ;  it  is  ductile  and  malleable  and  on  heating 
may  be  dntwn  iAto  wires  and  thin  ribbons.  It  melts  between  700°  and  800° 
and  distils  at  a  white  heat.  It  is  resistant  to  the  action  of  alkalis  and  is  easily 
dissolved  by  dilute  acids  with  evolution  of  hydrogen.  When  heated  in  a  gas 
flame  it  catches  fire  and  bums  with  a  very  bright  light,  producing  powdery, 
white .  magnesium  oxide.  The  magnesium  light  is  very  rich  in  chemically 
active  rays  and  is,  therefore,  used  for  photographic  purposes.  Fine  magnesium 
powder  when  projected  into  a  gas  flame  gives  an  extremely  luminous  light, 
and  in  photography  magnesium  flash-lights  are  used  which  consist  of  1  part 
of  potassium  chlorate  and  2  parts  of  magnesium  powder,  or  better  still  of 
equal  parts  of  magnesium  powder  and  barium  nitrate.  It  does  not  decompose 
water  in  the  cold,  but  evolves  hydrogen  abundantly  at  100°. 

Magnesium  reduces  many  oxides,  liberating  the  corresponding  metals  or 
non-metals,  such  as  boron,  carbon,  silicon,  &c.  The  demand  for  magnesium 
is  relatively  small  as  it  is  only  used  for  photographic  illumination,  for  lanterns, 
and  for  fireworks.  Some  magnesium  is  now  used  for  the  preparation  of  a  very 
interesting  aUoy,  containing  10  to  20  per  cent,  of  Mg  with  80  to  90  per  cent, 
aluminium,  called  Magnalium  (see  Aluminium).  The  world's  consump- 
tion of  magnesium  in  1899  appears  not  to  have  exceeded  12  tons,  but  it  is 
now  increasing.  The  price  in  1870  was  £20  per  kilo,  but  in  1902  it  had  fallen 
to  16^.  per  kilo  in  bars  and  32^.  in  wire  or  ribbon. 

The  electrolytic  process  was  started  in  1884  and  from  that  date  the  price 
fell  rapidly. 

MAGNESIUM  OXIDE :  MgO  (BURNT  MAGNESIA) 

This  compound  is  obtained  on  heating  the  carbpnate,  MgCX)3,  to  redness,  and  according 
to  the  temperature  to  which  it  was  heated  the  product  is  more  or  less  light.     It  is  ordinarily 

£50,400.  The  exports  were  193  tons  In  1908  and  527  tons  in  1909  of  the  value  of  £3440.  Canada  supplies  80  per 
cent,  of  tlie  woild's  production  and  exports  about  40,000  tons  per  annum.  The  following  varieties  are  distinguished 
commercially  according  to  the  varying  length  of  the  fibres  :  Crude,  flmt  quality  ;  crude,  second  quality  ;  fibre ; 
paper  stock,  and  asbestine.  It  has  a  specific  gravity  of  2-5  to  2-9,  is  resistant  to  the  action  of  acids  and  fairly 
resistant  to  that  of  dilute  alkalis. 

It  Is  used  for  Insulating  covers  for  boilers,  for  hangings  and  curtains,  as  cardboard  for  lining  boiler  tubes.  Joints, 
Ac,  by  mixing  to  a  paste  with  sodium  silicate,  and  so  on.  Incombustible  cardboard  and  paper  are  also  prepared 
from  it  When  mixed  with  cement  to  a  paste  It  forms  etemiU,  which  is  used  in  large  sheets  for  covering  roots, 
Ac.  (0  parts  of  cement  to  1  part  of  ^asbestos). 

The  prioe  variss  with  the  length'ot  the  fibre  from  £2  (asbestos  powder)  to  £280  per  ton  when  the  fibre  is  long. 
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obtained  as  a  soft  and  very  white  powder  by  heating  basic  magnesinm  carbonate  (magnesia 
alba,  aee  below)  in  stoneware  crucibles  to  a  not  very  high  temperature  (dark  zed)  until  it 
no  longer  effervesces  with  HCI.  In  order  to  obtain  heavy  burnt  magnesia,  the  magnesia 
alba  is  well  compressed  in  crucibles  and  heated  to  a  white  heat.  The  highest  degree  of 
compactness  is  obtained  by  heating  to  redness  the  magnesium  carbonate  which  is 
obtained  by  precipitating  a  boiling  solution  of  magnesium  sulphate  with  sodium  cajrbonate, 
boiling  for  some  time,  washing  the  precipitate,  and  drying  it.  This  magnesia  is  also  ^r&j 
pure. 

It  is  obtained  at  Neustassfurt  from  MgG2  ^  ^  secondary  product  in  the  preparation 
of  chlorine  (p.  146).  Its  heat  of  formation  is  143,900  cals.  It  is  almost  completely 
insoluble  in  water,  and  melts  at  the  temperature  of  the  electric  furnace  with  partiaJ 
evaporation. 

Magnesia  is  used  in  medicine  and  also  as  a  refractory  and  infusible  material 
for  furnaces  which  are  required  to  withstand  the  highest  temperatures,  because 
it  is  not  reduced  by  carbon  even  at  the  highest  temperatures  which  are  known.* 
Bricks  of  molten  magnesium  oxide  are  to-day  prepared  for  lining  electric 
furnaces.  They  are  produced  in  electrical  furnaces  and  are  then  poured  into 
moulds  to  cool. 

)  Nemst  constructed  his  incandescent  electric  lamp  by  utilising  the  property 
of  magnesium  oxide  and  other  oxides  of  the  rare  earths  (zirconia,  yttria,  &€., 
p.  404)  of  becoming  conductors  of  electricity  when  heated.  The  filament 
or  small  cylinder  of  metallic  oxide  which  is  present  in  the  lamp  is  first  heated 
by  means  of  an  electrical  resistance  and  allows  the  current  to  pass  when  it  has 
acquired  a  certain  temperature,  so  that  the  oxide  then  becomes  incandescent, 
emitting  a  very  intense  light.  The  use  of  this  Nemst  lamp  has  gradually 
established  itself,  and  a  powerful  company  has  recently  been  formed  in  America 
for  preparing  it  on  a  very  large  scale.  In  Europe  these  lamps  are  already 
widely  used  and  consume  12  watts  per  candle-power,  but  after  500  hours 
their  luminosity  diminishes  by  20  per  cent.,  whilst  the  consumption  of  energy 
rises  to  1*7  watts. 

Heavy  calcined  magnesia  costs  £48  per  ton,  whilst  the  light  product  coste 
about  £56.  In  1909  Italy  imported  9  tons  and  exported  38*8  tons  of  the 
pure  product  of  the  value  of  £2700,  and  38  tons  of  the  impure  of  the  value  of 
£880. 

MAGNESIUM  PEROXIDE :  MgOs.     This  is  obtained  in  an  impure  condition  from 
sodium  or   barium   peroxide   with  magnesium  sulphate  or  ohloride  in  concentrated 
'  solutiou. 

It  is  used  to  some  extent  in  the  bleaching  of  woollen  and  silken  fabrics,  because  the  bath 
has  a  less  energetic  alkaline  reaction,  although  it  costs  more  (16«.  per  kilo).  A  product 
called  *'  novozon,"  containing  magnesium  dioxide,  has  been  introduced  medicinally  as  an 
energetic  antiseptic. 

MAGNESIUM  HYDROXIDE  :  Mg(0H)2.  K  sodium  hydroxide  is  added 
to  a  solution  of  a  magnesium  salt  Mg(0H)2  is  precipitated,  which  is  only  slightly 
soluble  in  water  and  still  less  (1  :  50,000)  if  an  excess  of  the  precipitating  agent 
NaOH  is  present.  It  imparts  an  alkaline  reaction  to  water  and  is  able  to  fix 
COg  from  the  air. 

Aqueous  solutions  of  ammonia  and  of  ammonium  salts  completely  dissolve 
magnesium  hydroxide  because  the  NH4'  ions  of  these  salts  unite  with  a  few 

>  In  Italy,  for  the  basic  lining  of  SiemeDS-Martin  fnmaces,  calcined  natural  magnfwia  apedally  imported  froa 
Styria  is  used  which  contains  about  85  per  cent,  of  magnesium  oxide,  2  per  cent,  of  calcium  oxide,  8  per  cent,  of 
iron  oxide,  and  2  per  cent,  of  silica.  This  product  is  more  suitable  than  that  from  BubCBa  in  Greece,  which  oontaio^ 
04  to  96  per  cent,  of  MgO,  1-25  to  2-0  per  cent,  of  OaO,  0-06  to  0*20  per  cent,  of  FeaO.,  0-10  to  0*42  per  cent,  of 
Al,Oa,  and  0*50  to  S-IG  per  cent,  of  SiOa.  This  contains  little  or  no  iron  and  does  not,  therefore,  form  macBeshua 
ferrites  in  the  furnace  which  increases  the  stability  and  permanence  of  the  lining.  The  tiobertUs  deposits  e( 
Piedmont  contain  very  much  silica  (26  to  26  per  cent,  of  SiO^.  and  give  a  very  fusible  lining,  bat  thia  product  is 
more  suitable  for  the  ceraAiic  industry. 

In  1908  Italy  imported  12,000  tons  of  semi-fused  calcined  magnesite  for  ceramic  and  metallurgical  paiposct. 
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OH'  ions,  which  the  hydroxide  Mg(0H)2  liberates  in  solution,  and  form 
soluble  ammonia  or  NHj  +  H2O ;  as  these  OH'  ions  react,  others  are  detached 
from  the  magnesium  hydroxide,  and  thus  the  reaction  continues  until  the  whole 
of  the  hydroxide  has  dissolved  (p.  100).  Thus  magnesium  salts  in  general 
are  not  precipitated  by  the  common  reagents  for  the  other  heavy  metals  when 
ammonia  and  ammonium  salts  (NH^Cl)  are  present.  On  heating,  mamesium 
hydroxide  loses  water,  forming  MgO. 

MAGNESIUM  CHLORIDE  :  MgCI^.  This  compound  is  obtained  in  large 
quantity  from  the  mother  liquors  of  the  Stassfurt  salts  which  contain  Mgcl 
MgBrj,  and  1^804.  These  are  evaporated  in  open  iron  pans  to  42''  B6.  The 
salts  which  are  first  precipitated  are  separated  and  the  concentrated  solution  is 
then  allowed  to  cool,  when  it  sets  to  a  radiating  crystalline  mass  of  MgCL  6H.0 
n  the  concentration  is  carried  up  to  45°  B^.  molten  MgCl^  is  obtained  but  in 
order  to  obtain  80  per  cent.  MgCl^  without  .decomposition  and  formation  of 
HCl  it  IS  necessary  to  heat  in  a  vacuum  up  to  175°. 

Magnesium  chloride  volatilises  at  a  red  heat  and  partiaUy  decomposes 
m  pr^ence  of  minimal  quantities  of  water,  forming  HCl  and  magn^ium 
?S.  ^^l^^o'  ^pi-Of-  Even  in  hot  aqueous  solution  it  already  forms 
±101  at  175  ,  and  for  this  reason  water  containing  much  magnesium  chloride 
and  especially  sea  water,  should  not  be  used  in  steam  boilers.  Magnesium 
chloride  has  a  bitter  taste  and  is  very  hygroscopic. 

^  ^t  ^^  .^""^  ,*^^  preparation  of  HQ  and  as  a  dressing  for  cotton  and  wooUen  textQes. 
Much  MgClg  18  also  used  m  the  preparation  of  lignolite,  xylolUe,  or  magnesia  cement 
which  18  a  very  hard  mixture  formed  of  a  paste  containing  sawdust,  magnesium  chloride' 
and  ma|pesium  oxide  in  suitable  proportions.  It  is  also  caUed  Sard  cement  from  the  name 
of  Its  discoverer  (1867).  Its  composition  varies  between  MgCla-SMgO  ISaO  at  the 
commencement  of  the  reaction,  and  MgCJl4.2MgO.9H2O  at  the  end  of  the  reaction  after 
the  paste  has  been  made  up  for  some  days.  A  cement  of  this  character  may  be  produced 
as  foUows :  100  parts  of  magnesia  (a  very  soft  oxide  freshly  heated  to  redneas)  +  300 
parts  or  less  of  infusorial  earth  or  sawdust,  both  of  which  are  made  to  a  paste  with  about 
71 3  parts  of  a  concentrated  solution  (32  per  cent. )  of  magnesium  chloride.  These  ingredients 
must  be  mixed  continuously  for  several  hours,  sometimes  even  for  more  than  a  day  so  that 
the  mass  sets  almost  to  a  jeUy  without  separation  of  the  components.  The  mkximum 
hardness  is  only  acquired  after  exposure  to  the  air  for  two  or  three  weeks,  SbertoU 
(Ger.  Pat.  221,641  of  1906)  mixes  MgClg  and  MgO  in  equimolecular  proportions,  dries  this 
mixture  and  thus  obtains  a  powder  which  is  placed  on  the  market  as  such,  and  is  used  in  a 
similar  manner  to  Portland  cement.  \bl 

lignoUto  is  used  for  flooring,  walls,  and  various  decorations.  A  magnesium  chloride 
ammoma  MgCl«.NH„  which  is  of  great  use  in  soldering  metals,  is  obtained  by  heating 
a  mixture  of  883  grms.  of  anhydrous  magnesium  chloride,  dissolved  in  a  little  water  with 
655  C.C.  of  ammonia  of  22''  B6.  untU  the  mass  becomes  clear.  After  coolini?  it  becomes 
solid  and  is  kept  in  a  dry  place.  In  use  it  is  rubbed  over  the  metals  at  the  points  to  be 
soldered  before  they  are  heated 

The  crude  fused  chloride  costs  about  £4  per  ton  and  the  refined  anhydrous  product 
£20.  In  1904  Italy  imported  480  tons  of  the  value  of  £1540,  and  in  1909 1452  tons  of  the 
value  of  £5228.  Germany  exported  21,862  tons  in  1905  at  about  £2  per  ton  and  in  1908 
it  produced  30,000  tons  of  the  value  of  £28,000.  ^  '         ^  ^^ 

MAGNESIUM  SULPHATE :   MgSO,.      This  salt  commonly  crystallises 
with  7HjO  m  colourless  rhombic  pnsms  and  then  forms  so-called  Epsom  salts 
which  lose  GHjO  at  a  temperature  of  150°  and  the  remainder  at  200°     It  i^ 
very  soluble  in  water  (1  :  2  in  the  cold  and  1  : 1  on  heating),  and  crys'tallises 
from  concentrated  solutions  at  30°  with  6H,0,  but  in  another  c^talline 

It  abounds  at  Stassfurt  in  the  form  of  schonite,  MgS04  KJSO    6IL0 
and  of   kieserite,  MgSO^.H^O.     On  concentrating  solutions  of  these  salts,' 
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MgSO^ .  H2O  separates  because  it  is  less  soluble  than  tlie  chlorides ;  it  is  purified 
by  recrystallisation  from  water  and  then  forms  MgSO^.TH^O,  which  is  isomor- 
phous  with  various  other  sulphates,  such  as  NiS04.7H20  and  ZnSO4.7H20; 
it  forms  mixed  crystals  with  ferrous  sulphate,  FeS04.7H20,  and  cobah 
sulphate,  C0SO4.7H2O,  forming  rhombic  or  monocb'nic  crystals  according 
to.  the  preponderance  of  the  one  or  the  other  (isodimorphism,  p.  112). 
Numerous  double  salts,  isomorphous  with  one  another,  are  also  known,  and 
are  obtained  from  all  these  sulphates  by  addition  of  potassium  or  ammonium 
sulphate.  They  have  all  the  formula,  X2SO4.MeSO4.6HjO,  where  X 
represents  K  or  NH4,  and  Me  may  be  Mg,  Pe,  Ni,  Co,  Zn,  Cu,  &c. ;  thus  we 
have  K2SO4.MgSO4.6H2O. 

Magnesium  sulphate  also  crystallises  with  quantities  of  water  varying  from 
1  to  12  mols.  It  is  used  in  the  preparation  of  K2SO4  and  BaS04,  ^^^ 
finishing  cotton  fabrics,  and  for  weighting  silk  and  paper.  It  is  also  fre- 
quently used  in  medicine,  and  has  been  proposed  as  a  fertiliser  in  certain 
cases.  The  pure  crystallised  commercial  sulphate  costs  £2  16«.  to  £3  4«.  per 
ton,  and  when  anhydrous  £10  per  ton.  In  Italy  1100  tons  of  magnesium 
sulphate  were  produced  in  1893,  more  than  1880  tons  in  1905,  and  2380  tons 
in  1908  ;  the  imports  were  114  tons  in  1905,  82-9  tons  in  1906,  304-4  tons  in 
1908,  and  348-8  tons  in  1909  of  the  value  of  £1 186.  Germany  produced  58,567 
tons  in  1905. 

MAGNESIUM  CARBONATE  :  MgCOs.  This  compound  is  found  in  nature 
in  the  form  of  Magnesite  or  Giobertite,  MgCOg,  which  is  found,  among 
other  places,  in  Piedmont  and  in  the  provinces  of  CJomo,  Brescia,  Bergamo, 
&c. ;  it  is  widely  diffused  as  dolomite,  MgC03.CaC03.  The  lime  is  separat-ed 
from  the  latter  in  the  following  manner :  The  calcined  dolomite  is  suspended 
in  water  which  is  then  saturated  with  CO2 ;  the  magnesia  dissolves  before 
the  lime,  forming  the  bicarbonate,  Mg(HC03)2,  which  loses  COj  and  H^O  on 
heating,  forming  MgCOj. 

Magnesium  carbonate  is  obtained  by  precipitating  a  soluble  magnesium 
salt  with  sodium  carbonate  or  by  heating  MgO  with  sodium  dicarbonate, 
although  the  white  mass  which  is  obtained  is  a  basic  carbonate,  called 
magnesia  alba,  Mg(OH)2.4MgC03.5H20,  which  on  heating  with  water  in 
presence  of  CO2  forms  MgC03.3H20.  Double  salts  are  also  known,  such  as 
MgCO3.K2CO3.4H2O. 

Magnesium  carbonate  already  decomposes  at  300^,  forming  MgO  and  CO,. 
It  is,  in  fact,  used  for  obtaining  CO2  in  large  quantities.  It  is  used  in  medicine, 
and  as  a  tooth-powder,  metal  polish,  &c.  It  is  also  embodied  with  many 
j)igments  in  paints.     It  costs  about  £24  per  ton. 

In  1905  Italy  produced  210  tons  and  220  tons  in  1908  of  the  value  of  £4740  ; 
it  imported  15  tons  in  1905  and  56-4  tons  in  1909  of  the  value  of  £1444  ;  the 
exports  were  74-2  tons  in  1907,  63  tons  in  1908,  and  43-6  tons  in  1909  of  the 
value  of  £1012. 

M  ANGESIUM  PHOSPHATES.  The  primary  phosphate  is  not  known  and  the  tertiary 
phosphate,  Mg8(P04)2,  is  of  little  importance.  The  secondary  phosphate,  MgHP04 .  7H2O, 
is  more  commonly  obtained  in  a  crystalline  form  by  precipitating  a  soluble  mAgnesium 
salt  with  secondary  sodium  phosphate,  Na2HP04,  but  in  presence  of  ammonia  and  amnionium 
salts  magnesium  ammoniiun  phosphate  Mg.NH4.PO4.6H2O  is  precipitated,  which  is 
very  insoluble  and  is  therefore  used  in  the  quantitative  separation  of  magnesium  £rom 
solutions  of  its  palta.  On  heating  to  redness  it  forms  magnesium  pyrophosphate, 
MgsPgO?.  Magnesium  ammonium  phosphate  is  prceent  in  guano  and  urine,  and  often 
forms  bladder-stones. 

MAGNESIUM  SILICATES.  Numerous  silicates  of  magnesium  are  found  as  miners)> 
which  have  already  been  mentioned,  and  a  gelatinous  sihcate,  SMgSiOs  .5H2O,  is  productHl 
artificially  by  precipitating  a  soluble  magnesium  salt  with  sodium  silicate,  and  is  serviceable 
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for  decolorising  vegetable  and  mineral  oils.  The  so-called  fullers'  earth  is  also  imported 
into  Europe  for  this  purpose. 

The  production  of  talc,  Mg3H2Si40i2,  in  the  United  States  was  96,600  tons  in  1906 
and  107»000  tons  in  1908,  of  the  value  of  £280,000.  In  Italy  the  production  of  ground  talc 
in  1905  was  6490  tons  and  in  1908  10,930  tons  of  the  value  of  £13,312.  There  are  various 
varieties  of  talc.     It  is  a  soft  mineral  of  hardness  1  on  the  Mohr  scale. 

MAGNESIUM  NITRATE:  Mg(N03)2.6H20.  It  is  obtained  by  neutralising  MgO 
with  HNOj,  and  then  evaporating  until  crystallisation  occurs.  It  is  a  hygroscopic  salt, 
soluble  in  both  water  and  alcohol,  and  is  used  for  strengthening  incandescent  mantles 
at  the  point  of  suspension. 

MAGNESIUM  NITRIDE :  MgsNg.  It  is  obtained  as  a  yellowish  porous  mass  on 
heating  magnesium  in  an  atmosphere  of  nitrogen  or  in  a  current  of  ammonia  : 


Mg3  +  2NH3  «  Mg3N2  +  3H2. 


When  poured  into  water  it  becomes  heated  and  ammonia  is  evolved. 

GLUCINUM:    Gl,  9.1 

This  element  is  also  known  as  Berylliuin.  It  is  called  glucinum  on  account 
of  the  sweet  taste  of  its  salts.  It  occupies  a  position  in  the  group  of  divalent 
metals  analogous  to  that  of  lithium  in  the  alkali  metal  group.  Thus  it  has  the 
least  atomic  weight,  and  like  lithium,  which  tends  in  its  chemical  properties 
to  depart  from  those  of  its  group,  approximating  to  magnesium,  glucinum  is 
similar  to  aluminium  in  many  of  its  derivatives  ;  thus  it  is  only  slightly  attacked 
by  HNOs  and  dissolves  in  alkali  hydroxides  with  evolution  of  H. 

Glucinum  is  very  rare  and  is  found  in  emerald  and  in  beryl,  which  is  a  double 
silicate,  Al3Gl3(Si03)6,  and  also  in  chrysoberyl,  which  is  a  glucinum  aluminate, 
GIAI4O4.  On  decomposing  glucinum  with  K2CO3  and  then  separating  the 
silica  with  H2SO4,  a  solution  of  alum  and  of  glucinum  sulphate  remains,  from 
which  alum  first  crystalUses  and  the  iron  and  aluminium  which  are  present  as 
impurities  are  separated  with  ammonium  carbonate.  The  mother  liquo^ 
which  contain  the  glucinum  salt  are  acidified  with  HCl,  and  glucinum  hydroxidfe 
then  precipitated  with  NH3.  The  hydroxide  may  then  be  used  for  the 
preparation  of  all  the  other  salts. 

Metallic  glucinum  is  obtained  by  melting  the  double  fluoride,  Gir2.2Kr, 
with  metallic  sodium.  It  is  a  white,  ductile  metal  of  sp.  gr.  1-64,  soluble  in 
acids  and  in  dilute  alkalis  but  not  in  dilute  HNO3.  It  does  not  alter  in  the  air 
and  does  not  decompose  water  even  at  1000°. 

Crystallised  glucinum  is  one  of  the  most  expensive  rare  metals  and  costs 
£2  per  gramme. 

GLUCINUM  OXIDE  :  GIO,  is  obtained  by  heating  the  hydroxide.  When  the  oxide 
has  been  strongly  heated  to  redness  it  dissolves  in  acids  with  difficulty  (similarly  to 
AI2O3). 

GLUCINUM  HYDROXIDE  :  GlCOH)^.  This  compound  is  obtained  in  a  gelatinous 
form  by  precipitating  a  soluble  glucinum  salt  with  NH3,  in  a  similar  manner  to  AI,  and 
dissolves  in  ammonium  carbonate  or  in  sodium  hydroxide  solution.  It  separates  from 
these  solutions  on  prolonged  boiUng. 

GLUCINUM  CHLORIDE  :  GlClg  .4H2O.  This  compound  is  obtained  on  heating  GIO 
with  carbon  in  a  current  of  chlorine,  similarly  to  AICI3.  It  sublimes  easily,  and  the  atomic 
weight  of  glucinum  may  be  deduced  from  its  vapour  density. 

GLUCINUM  CARBONATE :  GICO3.  This  is  soluble  in  HgO  and  readily  evolves 
carbon  dioxide. 

GLUCINUM  SULPHATE :  GISO4.  This  compound  crystalHses  from  water  with 
4  or  7H2O,  according  to  the  temperature.  It  still  retains  2H2O  at  105°  and  becomes 
anhydrous  at  260''. 

Gluoinum  salts  cost  £4  to  £6  per  kilo. 

I  *         34 
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ZINC  :   Zn,  65.37 

Zinc  is  found  abundantly  in  nature  as  Blende,  ZnS,  and  as  Catantine^ 
or  Smith»onite,  ZnCOj,  minerals  which  are  often  found  together  with  lead 
ores,  and  are  smelted  in  Belgium,  Silesia,  England,  Poland,  North  America, 
and  Sardinia.  The  deposits  of  Lombardy,  Piedmont,  and  Belluno  are  less 
important. 

The  manufacture  of  zino  was  started  at  Bristol  in  1743,  and  then  extended 
in  the  year  1807  to  Li^ge,  and  later  acquired  great  importance  in  Silesia. 

The  object  of  the  primary  treatment  of  the  ores  is  to  obtain  zinc  oxide, 
because  metallic  zinc  is  then  easily  obtained  from  the  latter.  The  opera- 
tion is  simple  in  cases  when  zinc  carbonate  is  being  treated  because  it  is  then 
sufficient  to  simply  heat  in  reverberatory  furnaces 
in  order  to  separate  the  COj.  The  treatment  of 
blende,  on  the  other  hand,  presents  many  difficulties, 
so  that  it  was  only  about  thirty  years  &go,  aft«r 
repeated  attempts,  that  a  profitable  smelting  pro- 
cess was  successfully  carried  out  by  employing  suit- 
able furnaces  which  allow  of  the  utilisation  of  all  the 
sulphur  dioxide  which  is  evolved  and  its  conversion 
into  sulphuric  acid. 

In  order  to  obtain  line  from  the  residues,  which  cootain 
oxide  mixed  vrith  other  impurities,  thero  are  two  Bcparaif 
procesacH,  the  Belgian  and  Sileaian  proceases.  In  tbo 
former  the  powdered  mas»  is  mixed  with  coal  (2  :  1),  and 
diBtillod  in  numerous  retorts  of  cylindrical  form,  I  metre 
long  and  of  24  cm.  diameter,  arranged  in  double  Ecries  (up  to 
160  retorta)  in  a  furnace  heated  bj  producer  gas  (Fig.  T22]. 
CO  is  first  evolved,  and  when  zinc  vapours  commence  to  U' 
formed  tbo  CO  flame  becomes  luminous  and  the  sine  then 
condenses  in  several  long  conical  receivers  (alembics)  which 
are  coimeoted  with  all  the  retorts.  Zinc  dust  mixed  with 
oxide  (5  per  cent.)  is  first  deposited,  and  is  rodistillod  dorinp 
later  operations  or  u^ed  as  such  in  certain  industries  as  a 
strong  reducing  agent.  The  molten  metal  which  collects 
in  the  lower  part  of  the  receivers  is  withdrawn  every  twu 
Fio.  222.  hours  into  large  iron  ladles,  and  is  then  poured  into  suit- 

able moulds.  Hegclcr  has  recently  improved  the  Siemi-m 
furnaces  used  in  Belgium  very  considerably,  thus  producing  more  regular  and  homogcneoiu 
heating  of  all  the  retorts. 

By  the  Silesian  system  poor  ores  can  also  bo  treated.  A  mixture  of  powdered  ore  and 
coal  is  placed  in  a  large  number  of  muffles  arranged  in  a  double  row  in  a  furnace 
(Fig.  233).  The  muflBes  have  an  elbow-shaped  delivery  tube  at  the  upper  part  of  the  outtr 
end,  which  passes  into  a  common  chamber  where  all  the  molten  zinc  and  zinc  dust  u 
collected. 

The  crude  zino  thus  obtained  contains  various  impurities,  especially  Pb,  Fe,  Cd,  Sb. 
As,  Ag,  Cu,  and  also  sulphur  derived  from  the  blende.  The  metal  ia  refined  by  melting  it 
in  iron  pans,  and  allowing  it  to  slowly  cool  in  such  a  mannor  that  almost  all  the  impuritit':' 
collect  at  the  bottom  and  at  the  surface,  and  may  then  be  easily  separated.  To-dsy. 
however,  refining  is  more  often  conducted  by  melting  in  a  reverberatory  furnace  with  an 
incUned  hearth  at  a  moderate  temperature  for  several  days.  Zinc  oxide  and  other  impuri  tii^  , 
separate  at  the  surface,  whilst  Pb  and  Fe  collect  below. 

The  pure  molten  zinc  is  poured  into  moulds  in  order  to  be  worked  later.  If  an  exception- 
ally pure  product  is  desired,  the  zino  is  dissolved  in  sulphnric  add,  and  the  solution  of  thv 
sulphate   decomposed   elpctrolytically.     The   zinc   which   sepiuat«s  is   then   distilled  it 

'  TmuUei't  ooCf. — Xlwn  la  u  obvlotu  mot  hem  In  Uie  nilgliial  tut. 
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PROPERTIES.  Metallic  zinc  has  a  greyish-white  appearance,  and  when 
pure  and  futted  has  a  specific  gravity  of  691.  At  ordinary  temperatures  it  is 
somewhat  hrittle,  bub  hecomes  ductile  at  100°  to  160°,  and  can  be  rolled  into 
sheets  at  that  temperature.  At  200°  it  again  becomes  brittle,  and  can  then  be 
powdered.  It  melts  at  417-6°  and  hoik  at  730°.  At  higher  temperatures  it 
catches  fire  with  a  greenish -yellow  flame  and  produces  a  light  white  powder 
of  zino  oxide  (philosopher's  wool) ;  it  does  not  alter  in  hot  air  and  in  non- 
aerated  water.  In  moist  air  it  becomes  covered  with  a  thin  layer  of  oxide 
and  carbonate,  which  preserves  it  from  further  alteration,  but  when  present 
on  galvanised  (zinc-coated)  iron  or  zinc-coated  wires  no  oxidation  of  the  iron 
takes  place  because  the  zinc  has  a  higher  electric  potential  and  prevents  rusting 
of  a  metal  of  lower  potential  (pp.  419-420). 

Zinc  dissolves  easily  in  dilute  HgSO.  and  in  HQ  with  evolution  of  hydrogen, 
but  when  very  pure  it  is  not  attacked  by  these  acids  because  its  surface  becomes 
covered  with  a  very  thin  layer  of  hydrogen  which  protects  it.  It  only  decom- 
poses wafer  at  a  red  heat,  but  when  in  the  form  of  an  extremely  fine  powder 
this  decomposition  of  water  already  occurs  in 
the  cold.  With  hot  alkaline  solutions  it 
evolves  hydrogen : 

Zn  +  2NaOH  =  Zn(ONa)g  +  H,. 

Much  zinc  is  used  for  zinc-coated  wires  for 
telegraphy,  for  roofing,  and  for  the  manufacture 
of  zinc-coated  ("galvanised")  iron.  It  is  also  used 
for  gutters,  conduits,  baths,  &o.,  because  it  with- 
stands the  action  of  water  very  well.  It  is 
used  in  the  preparation  of  various  alloys,  such 
as  brass,  German  silver,  &c.  Finely  powdered 
zinc  ia  also  used  for  coating  iron  and  steel  with 
zinc  in  the  preparation  of  lithographic  plates,  pj^  223. 

in  which  case  it  is  spread  in  a  thin  layer  over 
the  surface  mixed  with  reducing  agents,  and  thea  heated  in  suitable  furnaces. 

The  world's  production  of  dnc  in  1880  wbb  260,000  tons  ;  in  1903  it  was  571.000  tons 
and  in  1909  772,000  tons.  In  1909  the  production  in  the  varioua  countries  was  216,000 
tona  in  Germany,  164,500  tons  in  Belgium,  236,600  tons  in  the  United  States  (127,000  tone 
in  1901),  45,000  tons  in  France,  58.400  tons  in  England,  9000  tons  in  Russia.  12,000  tons 
in  Austria,  and  1070  tons  in  Australia  ;  in  Italy  it  was  only  about  300  tons.  In  the 
Igleaias  district  of  Sardinia  alone  150,000  tons  of  zinc  ores  arc  produced  annually  of  the 
value  o!  about  £600,000  (in  1908)  andtheminingof  the  ore  occupies  8000  to  9000workmen, 
but  it  is  almost  entirely  snioltod  in  other  countries.  In  1905  Italy  imported  6000  tons  of 
zinc  in  bars  (9222  tons  in  1 909  of  the  value  of  £1 92,000),  and  4450  tons  of  zinc  in  sheets  and 
foil  (in  1909  4666  tons  of  the  value  of  £106.800). 

Germany  |Ht)dnced  731,200  tons  of  zinc  ore  in  1905  and  about  70,600  tons  in  1907 
of  the  value  of  £1,760,000. 

The  price  in  1860  was  £20  per  ton,  and  in  1902  £18  8».  per  ton.  Zinc  dust  oosta  £20 
per  ton.     The  price  of  zinc  is  now  regulated  by  an  international  syndicate. 

ZINC  OXIDE :  ZnO.  This  is  obtained  by  roasting  the  various  zinc  ores, 
or  by  burning  zinc  in  the  air  (philosopher's  wool),  or  also  by  transforming 
blende  into  ZnSO^,  and  then  precipitating  with  NH,.  It  may  also  be  obtained 
by  calcining  basic  zinc  carbonate,  which  forms  a  white  powder  which  is 
erroneously  called  zinc  white  and  is  employed  in  varnishes  because  it  has 
good  covering  power  and  is  not  blackened  by  HjS  in  the  same  manner  as 
white  lead  (basic  lead  carbonate),  but  three  coatmgs  of  white  lead  on  wood 
produce  the  same  effect  as  four  coatings  of  zinc  oxide,  because  this  latter 
has  less  covering  power. 
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On  heating,  it  acquires  a  yellowish  colour,  which  it  loses  on  cooling. 

It  costs  £20  to  £28  per  ton  (in  1895  it  cost  £14  16«.),  and  Italy  produced 
375  tons  in  1893,  about  1200  tons  in  1905,  and  860  tons  in  1908  of  the  value  of 
£20,640  ;  it  imported  1246  tons  in  1905,  2025  tons  in  1908,  and  1570  tons  in 
1909  of  the  value  of  £42,800.  The  exports  were  173  tons  in  1905,  727  tons  in 
1907,  395  tons  in  1908,  and  282  tons  in  1909  of  the  value  of  £7680. 

In  1900  Germany  exported  14,900  tons  and  imported  4520  tons. 

ZINC  PEROXIDE :  ZnOg.  This  compound  is  obtained  from  BaOg  +  ZnS04,  and  is 
ueed  medicinally  for  curing  wounds. 

ZINC  HYDROXIDE :  Zn(0H)2.  This  compoimd  is  separated  from  soluble  zinc  salU 
by  sodium  hydroxide  or  ammonia,  but  dissolves  in  an  excess  of  the  precipitating  ag^nt, 
because  it  forms  Zn(0Na)2,  which  is  not  stable,  and  dissolves  in  ammonium  hydroxide 
for  the  same  reasons  as  were  explained  in  dealing  with  Mg(0H)2  (pp.  626-527). 

ZINC  CHLORIDE  :  ZnClj.  This  compound  is  formed  on  dissolving  zinc 
in  HCl  and  evaporating  the  solution,  or  by  heating  zinc  in  a  current  of 
chlorine. 

It  is  obtained  on  a  large  scale  in  concentrated  solution  by  treating  a  solution 
of  a  zinc  salt  with  ferrous  chloride  and  passing  a  current  of  air  through  the  liquid : 
all  the  iron  is  precipitated  and  pure  ZnClg  remains.  The  anhydrous  compound 
(butter  of  zinc)  is  obtained  by  heating  ZnS04  with  NaCl  or  CaCl^,  when  pure 
ZnClj  distils.  G.  Carrara  (Eng.  Pat.  10,522  of  1908)  obtains  zinc  chloride  by 
treating  a  mixture  of  zinc  ore,  sawdust  or  peat  and  other  porous  substances, 
such  as  pumice,  with  chlorine  in  a  retort  at  a  temperature  of  250*^  to  300"^^. 
Zinc  chloride  is  extracted  from  the  residue  with  water  and  then  freed  from 
iron  and  manganese.  This  process  was  tried  on  a  small  industrial  scale  in  a 
zinc  mine  in  the  Bergamasco  valley,  but  was  discontinued.  This  compound 
is  very  hydroscopic  and  very  soluble  in  water.  Hot  solutions  form  a  little 
HCl  in  the  same  way  as  those  of  MgClg.  It  is  poisonous  and  abstracts  water  from 
organic  substances  to  such  an  extent  that  they  are  carbonised.  With  ZnO  the 
concentrated  solution  forms  a  mass  which  hardens  rapidly,  and  this  is  Zinc 
Oxychloride,  ZnOH.Cl. 

It  is  employed  for  impregnating  woodwork  which  is  then  more  resistant 
against  natural  decay.  It  is  also  used  as  a  disinfectant  for  preserving  certain 
animal  preparations  and  for  preparing  parchment  paper,  &c.  Solutions  of 
50°  Be.  cost  from  £6  to  £10  per  ton,  whilst  the  pure,  white,  fused  product  costs 
double  that  amount.  Italy  produced  150  tons  in  1905,  400  tons  in  1906,  and 
500  tons  in  1908  of  the  value  of  £6000. 

ZINC  SULPHATE :  ZnS04.  This  is  obtained  on  dissolving  zinc  in  sulphuric  acid, 
or  by  roasting  the  sulphide  and  then  treating  it  with  hot  dilute  H2SO4  ;  any  copper  which 
may  be  present  as  an  impurity  is  removed  from  this  solution  by  the  introduction  of  a  sheet 
of  zinc,  and  any  iron  by  boiling  it  for  a  long  time.  It  forms  crystals  of  ZnS04  .THjO, 
very  soluble  in  water  (1  :  1-38  at  10°  or  1  :  1-65  at  100°),  and  is  isomorphous  with  various 
other  sulphates  («««  above).  It  loses  6H2O  at  100°,  and  the  seventh  molecule  of  water  on 
heating  to  redness. 

It  is  used  for  the  preservation  of  wood  and  hides,  and  for  rendering  fabrics  fireproof. 
It  is  also  used  as  a  disinfectant,  as  a  mordant  in  textile  printing,  and  in  medicine. 

The  crude  crystalline  salt  costs  £2  8«.  to  £3  4«.  per  ton,  and  when  refined  £8  per  ton. 

In  1905  Germany  produced  5896  tons  and  Italy  5  tons,  apart  from  that  which  was 
imported. 

ZINC  HYDROSULPHITE.  This  is  used  in  indigo  dyeing  and  is  obtained  by  the 
action  of  zinc  dust  on  a  sulphite. 

ZINC  CARBONATE  :  ZnCOs.  ^his  is  found  as  spathic  zinc  orcy  calamine  or  8mUh4oniU 
in  rhombohedric  crystals  isomorphous  with  calcite.  It  is  also  formed,  mixed  with  the 
hydroxide,  by  precipitating  a  soluble  zinc  salt  with  COgNag,  or  with  KHCO3,  in  order 
to  obtain  it  pure,  and  is  sometimes  used  instead  of  zinc  white. 
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ZINC  SULPHIDE  :  ZnS.  This  compound  is  found  in  nature  as  zinc  blende, 
coloured  brown  by  iron  oxide  and  other  impurities,  whilst  when  it  is  obtained 
by  precipitation  of  a  zinc  salt  with  ammonium  sulphide,  it  forms  a  white  mass, 
being  the  only  metallic  sulphide  of  this  colour .1  Zinc  blende  is  fluorescent  after 
baving  been  submitted  to  the  action  of  sunlight  and  even  at  the  temperature 
of  liquid  air  if  it  hsrS  been  exposed  to  the  action  of  radio-active  emanations 
(Occhialini  and  Chella,  1907). 

Various  patents  have  been  taken  out  of  recent  years  for  the  industrial 
preparation  of  this  sulphide  (Ger.  Pats.  149,557  and  167,498,  &c.). 

Molten  sidphur  reacts  with  difficulty  with  zinc,  whilst  a  mixture  of  zinc  dust 
and  powdered  sulphur  reacts  violently  on  heating. 

It  is  insoluble  in  water  but  soluble  in  dilute  acids,  excepting  acetic  acid, 
and  therefore  when  it  is  to  be  precipitated  from  its  salts  with  HgS,  sodium  acetate 
must  be  added  which  saturates  the  acid  which  is  liberated  from  the  zinc  salt. 
It  is  phosphorescent,  as  are  the  alkaline  earth  sulphides.  When  white  it  costs 
£48  per  ton. 

By  precipitating  a  hot  solution  of  zinc  sulphate  with  a  hot  solution  of  barium  sulphide, 
a  white  precipitate  is  produced  which  is  filtered,  1  per  cent,  of  freshly  precipitated  magnesium 
hydroxide  added,  then  dried,  pulverised,  mixed  with  3  per  cent,  of  ammonium  chloride, 
heated  to  redness,  and  poured  into  water  whilst  still  hot.  It  is  then  again  dried  and  finely 
ground  ;  lithopone  is  thus  obtained,  which  is  a  mixture  of  zinc  sulphide  and  barium 
Bulphate,  containing  11  to  42  per  cent,  of  ZnS  ;  the  so-called  yellow  quaUty  contains 
11  to  18  per  cent,  of  ZnS,  and  costsabout  £14  Ss.  per  ton,  whilst  the  blue  quality,  containing 
22  to  30  per  cent.,  costs  £18  8«.,and  the  green  quality,  containing  32  to  42  per  cent.,  costs 
up  to  £21  12«.  per  ton.  It  can  advantageously  be  used  instead  of  white  lead  because  it 
has  somewhat  better  covering  power,  and  is  not  poisonous  {see  the  various  patents,  Ger.  Pats. 
166,772,  163,435,  170,478,  and  166,717).  In  analysing  lithopone  it  is  desirable  not  only 
to  determine  the  zinc,  but  also  the  sulphur. 

Germany  exported  5820  tons  of  lithopone  in  1890,  8623  tons  in  1900  and  9500  tons  in 
1907  of  the  value  of  £136,000,  and  imported  2200  tons. 

CADMIUM:  Cd,  112.4 

This  element  often  accompanies  zinc  in  its  ores  (about  0*4  per  cent.,  though 
calamine,  for  example,  sometimes  contains  up  to  5  per  cent,  in  Silesia  and 
Missouri ).  It  is  easily  separated  because  it  distils  before  the  zinc,  or  by  means  of 
its  sulphide  which  is  insoluble  in  dilute  mineral  acids,  whilst  zinc  sulphide  is 
soluble.  On  roasting  zinc  blende  a  considerable  portion  of  the  cadmium 
remains  in  the  residue  in  the  form  of  sulphate  and  may  be  extracted  with  water 
(U.S.  Pat.  799,743).  Pure  cadmium  is  obtained  by  treating  a  mixture  of 
Zn  and  Cd  with  dilute  H2SO4,  as  by  this  treatment  all  the  zinc  is  first  dissolved. 
Cadmium  is  a  somewhat  soft  metal,  white,  of  sp.  gr.  8-6,  which  melts  at  320° 
and  boils  at  770°.  It  does  not  alter  in  the  air,  but  becomes  covered  with  brown 
oxide  on  heating.  It  dissolves  more  easily  in  dilute  HNO3  than  in  dilute 
HCl  or  dilute  H2SO4.  It  has  been  found  that  cadmium  vapours  at  1700° 
consist  of  monatomic  molecules.  It  is  used  as  an  addition  to  various  metallic 
alloys  in  order  to  considerably  reduce  their  melting-points.  It  forms  a  soft 
amalgam  with  mercury  which  then  hardens  very  easily,  and  for  this  reason  it 
is  used  as  a  cement  for  stopping  decayed  teeth.  The  world's  production  of 
cadmium  in  1880  was  3  tons,  13  tons  in  1902,  whilst  in  1905  Germany  alone 
produced  24-5  tons.     The  price  to-day  oscillates  round  Ss.  per  kilo. 

CADMIUM  OXIDE  :  CdO.  This  compound  is  formed  on  burning  cadmium  in  the  air 
or  on  heating  the  sulphate,  carbonate,  or  nitrate.  It  is  obtained  as  a  brown  powder  of 
sp.  gr.  6'96,  or  in  bluish-black  microscopic  crystals  of  sp.  gr.  8-1, 

Trandaiors  note. — This  remark  refers  to  those  metallic  8Ulphid(>s  only  which  art*  encountered  in  tho 
ordinary  course  of  aicalyHi.>i. 
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CADMIUM  HYDROXIDE,  Cd(OH)i,  is  obtained  from  cadmium  salts  with  sodium 

hydroxide  and  dissolves  io  anunonia. 

CADMIUM  CHLORIDE :  CdClj  +  2HeO,  is  more  sUble  than  ZnClz  and  does  not, 
therefore,  yield  HCl  on  heating  with  water.    It  melts  at  640°  and  miblimes, 

CADMIUM  BROMIDE  and  IODIDE  are  vued  in  photography. 

CADMIUM  SULPHATE  :  CdSO«.  This  compound  is  obtained  from  Cd  and  HtSO« 
and  crystaliiscs  with  TH^O  in  a  form  isomorphoua  with  the  sulphates  of  Zn,  S^,  &c  A 
bydrated  sulphate,  SCdSOj. 811^0,  is  also  known. 

CADMIUM  SULPHIDE  :  CdS.  This  is  obtained  from  soluble  cadmium  sails  by 
precipitating  them  with  HjS  or  sodium  sulphide,  and  forms  a  mass  of  bright  orange- 
yellow  colour,  which  is  oscd  in  painting,  as  it  is  resistant  to  the  action  of  light  and  abo  has 
very  good  covering  power.    It  costs  from  8s.  to  12g.  per  Itilo. 

MERCURY :   Hg,  200 

In  those  compounds  in  which  mercury  behaves  as  a  divalent  element  of  the 
type  HgXg,  the  resemblance  with  zinc  and  cadmium  derivatives  is  very  marked, 
so  much  so  that  the  various  double  salts  are  sometimes  isomorphous,  for  example, 
HgS04.KgS04  +  6HgO.  But  mercury  is  distinguished  from  these  metals  by 
forming  a  series  of  compomids  HgX,  where  the  mercury  acts  as  a  monovalent 
element.  We  shall  see  below  that  various  other  elements  exercise  variable 
valency,  a^  was  already  noted  in  dealing  with  the  non-metals.  When  a  metal 
forms  two  or  more  series  of  combinations,  the  chemical  and  physical  differences 


between  the  compounds  of  such  classes  are  greater  than  those  between  two 
metals  of  the  same  group. 

Mercury  is  the  only  metal  which  is  liquid  at  the  ordinary  temperature, 
and  is  only  rarely  found  free  or  as  silver  amalgam  in  nature.  It  is  found, 
on  the  other  hand,  almost  exclusively  as  cinnabar,  HgS  in  Spain  (at  Almaden), 
Mexico,  Austria  (Idria),  Peru,  China,  Japan,  California,  Russia,  and  Tuscany 
(at  Monte  Amiata). 

Almost  the  whole  of  the  mercury  is  obtained  on  distilling  cinnabar  in  suitable 
furnaces  in  presence  of  an  abundant  supply  of  air.  The  mereury  thus  distils 
together  with  sulphur  dioxide,  and  on  cooling  the  receivers  it  condenses,  whilst 
the  SO2  is  then  dissolved  in  water.  The  mereury  ia  obtained  practically  pure 
by  redistilling  it  from  iron  vessels. 

The  type  of  furnace  which  was  used  some  years  ago  at  Idria  for  the  treatment  of  cinoabnr 
is  Illustrated  in  Fig.  224.  In  the  central  portion  there  is  a  furnace  with  throe  perforated 
hearths,  a,  b,  and  e,  on  to  which  the  ore  is  charged  according  to  its  size,  and  it  is  then 
roasted  by  the  hot  gases  which  are  formed  in  the  hearth  below.  The  mercury  vapours, 
mixed  with  SO2,  condense  in  a  series  of  lateral  chambers,  C,  and  the  liquid  niorcnry  runs 
on  to  an  inclined  floor  and  collects  in  a  single  channel  outside. 

The  uncondensed  gases  (SO2)  are  absorbed  in  the  last  chamber,  D,  down  which  a  current 
of  water  passes  along  inclined  planes,  and  the  aqueous  solution  of  SO^  which  ia  so  obtained 
is  utilised.     This  process  is,  however,  not  continuous  and  does  not  give  agood  yield.  In  1880. 
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therefore,  the  above  fomoces  were  replaced  by  rererberatory  and  cupola  fnmaces,  Thieh 
permit  of  continuona  vorkjng  with  yields  of  more  than  90  per  cent. 

Since  1890  Cermok-Spirek  furnaces  have  been  largely  usedia  all  localities  where  mercury 
ia  smelted.  The  engineer  Spirek  gave  an  interesting  account  of  these  furnaces  at  the 
International  Chemical  CongresB  at  Borne  in  1906.  The  ore  falls  automatically  from  above 
down  channels  formed  of  inclined  planes  down  which  the  ore  passes,  being  thus  stirred  up, 
and  then  along  other  inclined  planes  below,  which  become  hotter  towards  the  bottom. 
The  gases  rise  in  a  direction  contrary  to  the  descending  stream  of  ore  and  carry  oS  the 
mercury  vapours  together  with  the  other  gases  (HeO,  CO,  CO,,  air,  HjSO«,  SOj,  &c.). 

The  whole  of  the  hot  gases  pass  to  the  condensers  where  the  vapours  of  H^O,  SOg, 
and  NHfCl  are  first  cooled  in  inverted  stoneware  U  -tubes  down  the  outside  of  which  water 
ptuwos,  each  of  which  dips  into  a  wooden  vat.  The  mercury  is  here  separated,  together  with 
solid  impurities,  and  collects  partly  in  the  vats  and  partly  on  the  walls  of  the  tubes,  forming 
"  soots  "  which  conbun  some  mercury,  and  are  treated  separately.    The  remaining  gasee. 


which  still  oont^n  mercury,  pass  through  conduits  where  they  are  liltored  by  traversing 
a,  long  path  through  wooden  lathes  arranged  like  Venetian  blinds.  In  this  way  further 
"  Boota  "  are  formed  and  all  the  mercury  is  deposited.  Tbe  whole  apparatus  is  maintained 
at  a  sUghtly  diminished  pressure  by  means  of  a  fan  in 
order  to  avoid  leakage  towards  the  outside.  With  the 
Cermak-Spirek  plant  poor  ores  containing  less  than 
01  per  cent,  of  Hg  may  be  treated,  and  the  mean  loss 
does  not  exceed  5  per  cent,  of  the  mercury.' 

In  Pig.  225  the  complete  plant  used  at  Monte  Amiata 
is  shown  including  the  furnace,  A,  condensont,  B,  and 
the  filters,  C,  Fig.  226  is  a  transverse  section  of  the  fur- 
nace with  inclined  walls,  forming  channels  down  which  the 
ore  moves,  thus  descending  from  the  top  to  the  bottom. 

Since  a  couple  of  years  ago  a  new  furnace  has  been  introduced  in  some  districts  called 
the  Dennis  furnace,  which  appears  to  present  certain  advantages  over  the  one  just  descrihed, 
but  it  has  been  working  for  too  short  a  time  to  enable  any  certain  judgment  lo  be  formed  as 
to  ila  merits. 

In  some  places  mercury  is  obtained  by  heating  a  mixture  of  cinnabar  and  iron  or  lime, 
which  retain  the  sulphur,  whilst  the  mercury  distils  : 

4^S  +  4CaO  -  4Hg  +  3CaS  +  CoSO,. 
Attempts  have  lately  been  made  to  extract  the  mercury  from  cinnabar  by  an  electrolytic 

■  Thin  p1»nt  wm  tried  In  1007  In  ■  works  St  Ri™a1illno,  (Or  flwnlphorlnlnir  «nd  oildising  tnprllfromi  bnmt 
pyrllci  wbJrh  wh  to  undergo  elrctrolyth:  citractlan  ol  Ihc  copper,  but  mpp4[Bntly  wllhout  pnctlul  auccui. 


Pro.  226. 
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process  by  suspending  it  in  a  solution  of  NaCl  or  KCl.  An  E.M.F.  of  1  volt  snffices  to 
cause  a  separation  of  mercury  at  the  cathode.  This  method  presents  the  great  advantage 
of  eliminating  all  danger  of  poisoning  by  mercury  vapours  which  is  such  a  cause  of  anxiety 
when  working  by  dry  methods. 

Mercury  is  purified  by  redistilling  it  and  then  squeezing  it  through  sacks  or  cloeelj 
woven  cotton  fabrics.  In  order  to  separate  dissolved  traces  of  other  metals,  the  mercury 
is  then  poured  in  a  thin  stream  down  tall  cylinders  containing  cold,  dilute  nitric  acid  of 
sp.  gr.  1*1,  which  dissolves  the  other  metals  more  easily  than  the  mercury  ;  it  is  then  washed 
with  water  and  dried. 

PROPERTIES.  Mercury  is  a  liquid  of  silvery  appearance.  It  does  not 
alter  in  the  air,  has  a  specific  gravity  of  1 3  596  at  0°,  solidifies  in  octahedra 
at  34-5  and  boils  at  357-5°.  When  near  its  boiling-point  it  becomes  covered 
with  a  red  layer  of  HgO,  which  decomposes  at  500°  into  Hg  +  O. 

Mercury  vapours  were  the  first  in  which  monatomic  molecules  were  dis- 
covered. In  the  cold  it  is  only  slightly  attacked,  or  not  at  all,  by  HQ  ajid 
H2SO4,  whilst  on  heating  with  H2SO4,  SO2  +  HgS04  ^^^  HjO  are  formed.  It 
readily  combines  with  the  halogens  and  with  sulphur.  It  dissolves  almost  all 
the  metals  excepting  iron,  forming  amalgams.  Tin  amalgam  is  used  for  mirrors. 
On  studying  amalgams  by  means  of  their  freezing-points  and  also  micro- 
scopically, it  is  found  that  chemical  combinations  between  the  components  of 
the  amalgams  are  often  formed,  such  as  HgNaj  ;  on  the  other  hand,  they  often 
form  true  solutions  or  mixtures,  and  in  certain  cases  mixed  crystals  are  formed. 

A  new  mercury  electric  lamp  (Bastian)  has  recently  found  application,  and  gives  an 
intense  and  economical  but  greenish  light.  It  consists  of  a  glass  tube,  50  to  60  cm.  long, 
containing  a  little  mercury  and  two  electrodes  at  its  ends.  A  very  high  vacuum  is  then 
produced  in  the  tube,  which  is  placed  horizontally,  and  an  electric  current  is  passed  along  a 
thread  of  mercury  uniting  the  two  poles.  The  mercury  is  thus  rapidly  heated  and  when 
mercury  vapours  have  been  formed  these  conduct  the  current,  which  no  longer  requires 
the-liquid  mercury  in  order  to  pass.  The  vapour  then  becomes  incandescent,  emitting  a 
very  intense  light,  and  the  tube  should  then  be  inclined  in  order  to  collect  all  the  mercury 
at  one  end.  The  disadvantage  of  these  lamps,  which  act  with  an  E.M.F.  of  50  to  60  volts 
or  even  of  100  volts,  consists  in  the  fact  that  the  glass  tubes  sometimes  break  through  the 
powerful  heat,  liberating  all  the  mercury  vapoiu",  which  is  poisonous.  A  further- dis- 
advantage for  domestic  purposes  consists  in  the  fact  that  it  has  been  observed  that  the 
light  emitted  from  the  most  luminous  portions  exercises  a  harmful  physiological  action. 
They  are,  therefore,  more  suitable  for  lighting  public  places,  as  the  consumption  of  electric 
current  is  very  small.  In  order  to  avoid  fracture  of  the  tubes  through  temperature  rises, 
Heraeus  constructs  these  lamps  with  a  quartz  tube,  but  they  are  then  very  dear,  and  Schott 
prepares  a  special  tube  of  sufficiently  resistant  glass,  which  at^o  corrects  the  light,  which  is 
almost  deprived  of  red  and  very  gresn  rays  by  the  colour  of  the  glass  itself.  The  light  of 
these  lamps  is  rich  in  ultra-violet  rays,  and  in  order  to  utilise  these,  for  example,  for  the 
sterilisation  of  water,  quartz  tubes  are  required  which  do  not  absorb  these  rays.  A  light 
which  is  richer  in  red  rays  can  be  obtained  from  these  lamps  by  the  addition  of  cadmium  or 
bismuth  to  the  mercury. 

The  largest  quantities  of  mercury  are  used  for  the  -extraction  of  gold  and 
silver  (see  below),  but  it  is  also  used  in  the  construction  of  numerous  physical 
instruments,  thermometers,  barometers,  pumps,  &c.  It  is  used  in  the  pre- 
paration of  mercury  fulminate,  corrosive  sublimate,  &c. 

Mercury  forms  two  series  of  compounds  :  mercurovs  compounds  in  which 
one  atom  of  mercury  is  saturated  by  one  monovalent  atom  and  which  are 
obtained  by  various  reactions  in  presence  of  excess  of  mercury,  and  mercuric 
compounds  in  which  the  mercury  is  divalent,  which  are  more  stable. 

Mercury  is  placed  on  the  market  in  iron  bottles  which  contain  a  definite  weight.  Spanish. 
American,  and  Italian  mercury  is  sold  in  bottles  containing  34-5  kilos  of  Hg,  whilst  thoe^ 
from  Russia  contain  34-7  kilos,  and  those  from  Idria  34-05  kilos.  The  world's  production 
of  mercury  in  1904  was  4011  tons,  distributed  as  follows :   Almaden  (Spain),  1020  tons; 
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Idria  (Austria),  536  tons  ;  Russia,  393  tons  ;  United  States,  1617  tons ;  Mexico,  190 
tonB  ;  Italy  (at  Monte  Amiata),  370  tons  in  1905,  434  tons  in  1907,  and  684  tons  in  1908. 
In  1884  mercury  cost  Ss,  2^d,  per  kilo  and  6*.  2^d,  in  1902.  In  1905  the  imports  into  Italy 
were  57  tons  and  the  exports  243  tons,  whilst  in  1907  they  were  350  tons,  and  in  1909  714 
tons  of  the  value  of  £154,280.  The  imports  into  Italy  have  now  been  reduced  to  10  tons. 
The  production  of  mercury  in  Russia  and  America  tends  to  diminish.  Germany  imported 
723  tons  of  mercury  in  1909. 

MERCUROUS  COMPOUNDS 

MERCUROUS  OXIDE:  Hg^O.  This  is  obtained  by  precipitating  a 
mercurous  salt  with  a  solution  of  sodium  hydroxide.  It  has  a  dark  brown 
colour  and  is  decomposed  into  HgO  +  Hg  by  light  and  by  carbon. 

MERCUROUS  CHLORIDE  :  HgCl  (Calomel).  This  compound  is  pre- 
pared by  heating  an  intimate  mixture  of  4  parts  of  powdered  mercuric 
chloride,  HgCl2,  with  3  parts  of  mercury  in  a  covered  iron  pan  ;  the  grey 
mass  is  heated  until  it  becomes  white  and  on  then  raising  the  temperature 
all  the  calomel  subUmes  on  to  the  top  of  a  plate  which  projects  inside  the  pan. 
It  is  then  poured  into  a.  vat  of  water  and  purified  by  washing  it  repeatedly 
with  dilute  nitric  acid  to  remove  remaining  traces  of  unaltered  mercury,  and 
finally  thoroughly  washed  several  times  with  distilled  water  to  eliminate  the 
last  traces  of  corrosive  sublimate,  which  would  be  poisonous,  as  calomel  is 
administered  medicinally  through  the  mouth.  Calomel  is  also  obtained  by 
precipitating  a  solution  of  mercurous  nitrate  with  NaCl  or  by  passing  SOj 
into  a  solution  of  corrosive  sublimate,  or  according  to  .the  equation  : 

HgS04  +  2Naa  +  Hg  =  NaS04  +  2HgCl. 

It  forms  a  white  mass,  insoluble  in  water,  alcohol,  and  dilute  acids.  It 
slightly  decomposes  in  the  light  forming  Hg  +  HgClj,  and  is  also  decomposed 
by  boiling  water.  HgCl  is  blackened  by  ammonia  because  Dimercuro- 
atnmonium  Chloride,  NHsHgxCl,  is  formed,  mixed  with  Hg. 

At  448°  it  is  converted  into  vapour,  the  density  of  which  corresponds  to 
the  formula  HgCl,  but  at  this  temperature  it  is  decomposed  into  HgClj  +  Hg 
which  recombine  in  the  cold,  and  it  is  therefore  probable  that  the  constitutional 
formula  of  calomel  is  Hg2Cl2. 

It  is  used  in  medicine  when  absolutely  free  from  HgClg,  and  for  colouring 
porcelain  together  with  gold.     It  costs  from  5^.  Id.  to  68.  5d.  per  kilo. 

Mercurous  Bromide  and  Iodide  are  less  stable  and  more  soluble  than  the 
chloride  and  separate  mercury  in  the  light.  Mercurous  Azide,  HgNj,  is  also 
known. 

MERCUROUS  NITRATE :  HgNOa.  This  is  prepared  by  the  action  of  one  part  of 
mercury  on  one  part  of  not  too  concentrated  nitric  acid  in  the  cold.  It  crystallises  with 
2  H2O.  It  dissolves  unaltered  in  a  little  water  to  form  a  yellowish  basic  nitrate,  HgNOa  •  HgO 
with  much  water.  It  oxidises  in  the  air,  forming  mercuric  nitrate,  but  it  is  reduced  to 
mercurous  nitrate  by  excess  of  Hg.     It  is  a  powerful  poison. 

MERCUROUS  SULPHATE :  Hg2S04.  This  compound  is  formed  by  the  action  of 
concentrated  sulphuric  acid  on  an  excess  of  mercury.  It  is  crystalline,  only  slightly  soluble 
in  water,  and  forms  Hg  +  O2  +  SO2  on  heating. 

MERCURIC  COMPOUNDS 

MERCURIC  OXIDE  :  HgO  (Red  Precipitate).  On  gradually  heating  an 
equi molecular  mixture  of  mercuric  nitrate,  HglNGj),,  and  Hg  in  a  metalUc 
capsule  or  in  a  small  muffle  furnace,  an  oxide  of  a  more  or  less  bright  brick-red 
colour  is  obtained  in  crystalline  scales  of  sp.  gr.  11-2,  only  slightly  soluble  in 
water  and  very  poisonous.  The  red  oxide  is  also  formed  on  heating  mercury 
for  a  long  time  in  the  air.     If,  on  the  other  hand,  this  oxide  is  prepared  by  wet 
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methods,  for  instance,  by  pouring  a  solution  of  meiouric  chloride  into  a  boiling 
solution  of  sodium  hyiroxide,  mercuric  oxide  of  an  intense  yellow  colour  is 
obtained  which  blackens  in  the  light  through  separation  of  mercury.  The 
difference  between  the  red  and  the  yellow  oxides  consists  only  in  the  colour 
due  to  the  different  degrees  of  fineness  of  the  particles. 

Mercuric  oxide  decomposes  alkali  chlorides,  bromides,  and  iodides  : 

HgO  +  2Naa  +  H^jO  =  HgCl^  +  2NaOH. 

Mercuric  oxide  when  boiled  with  aqueous  NHg  forms  a  yellow  solution  of 
Hydroxydimercuro-ammonium  Hydroxide,  OH.HgjNHjO  {MiUorCs  base). 

It  is  used  medicinally,  for  colouring  porcelain,  and  for  coating  or  varnishing 
keels  of  vessels  in  order  to  prevent  shell-fish  and  marine  plants  from  adhering 
to  them.  In  this  way  less  friction  is  caused  during  navigation  and  considerable 
quantities  of  fuel  are  economised.  In  contact  with  the  sodium  chloride  of  the 
sea  water,  mercuric  oxide  perhaps  forms  a  little  corrosive  sublimate  which  is 
poisonous  to  plants  and  animals.  It  costs  As.  9^d.  to  %s.  per  kilo.  Italy 
produced  25  tons  in  1907  of  the  value  of  £6000. 

MERCURIC  CHLORIDE  :  HgClg  (Corrosive  Sublimate).  This  compound 
is  obtained  by  subliming  a  mixture  of  mercuric  sulphate  and  NaCl  in  a  clay 
vessel  on  a  sand  bath  with  the  addition  of  a  small  quantity  of  Mn02 ;  the 
sublimate  collects  in  white  crystals  forming  rhombic  prisms  of  sp.  gr.  5-4. 
which  melt  at  265°  :  HgS04  +  2NaCl  =  Na2S04  +  HgClj.  It  is  also  obtained 
by  the  wet  method  by  dissolving  HgO  in  HCl  and  then  evaporating  the  solu- 
tion. It  is  now  industrially  prepared  by  passing  gaseous  chlorine,  produced 
from  liquid  chlorine,  over  mercury  heated  almost  to  its  poyit  of  evaporation, 
and  condensing  the  sublimate  which  is  so  formed  in  the  crystalline  condition 
in  the  enlarged,  cold  portion  of  the  glass  retort  in  which  the  reaction  is 
carried  out.  20  to  25  kilos  of  mercury  are  treated  in  each  retort  in  8  to 
10  hours,  and  the  sublimate  is  removed  by  breaking  the  retort  after  each  opera- 
tion.    It  is  a  very  powerful  poison. 

A  solution  of  corrosive  sublimate  ia  easily  reduced  by  SOj  or  by  stannous 
chloride  with  separation  of  white,  insoluble  mercurous  chloride  which  becomes 
grey  with  an  excess  of  the  reagent  through  the  separation  of  Hg,  thus  : 

2HgCl2  -f  SnClg  =  SnCl4  +  2HgCl, 

and  then  2Hga  +  SnOg  =  SnCl4  +  2Hg. 

With  ammonia  it  forms  a  white  precipitate  of  Mercury  Ammonium 
Chloride,  HgClNHs  (White  Precipitate).  One  part  of  corrosive  sublimate 
dissolves  in  15  parts  of  cold  water  or  2  parts  of  boiling  water.  It  is  more 
soluble  in  alcohol.  The  aqueous  solution  shows  an  acid  reaction  because  it 
undergoes  slight  hydrolytic  dissociation,  an^-  on  adding  NaCl  the  reaction 
becomes  neutral  because  the  double  salt  HgCIj. NaCl. HgO  is  formed,  which 
has  a  less  energetic  antiseptic  action  than  HgClj.  The  action  of  the  other 
halogen  salts  is  also  less  energetic  because  they  are  less  highly  ionised. 

It  is  used  medicinally,  as  an  antiseptic,  and  also  for  impregnating  the  wooden 
sleepers  of  railways.  It  is  also  used  in  the  manufacture  of  aniline  dyestuffs 
and  in  calico  printing.  It  costs  5«.  2\d.  per  kilo.  Italy  exported  22-8  tons  in 
1904  of  the  value  of  £5472  ;  39-5  tons  in  1905,  30-2  tons  in  1907,  9-8  tons  in 
1909,  and  21  -7  tons  in  1909  of  the  value  of  £4340.  The  production  of  sublimate* 
and  calomel  in  Italy  was  30  tons  in  1905  and  75  tons  in  1908  of  the  value  of 
£15,000.  In  1907  Italy  produced  100  tons  of  mercury  salts  altogether  and 
exported  11*5  tons,  exclusive  of  sublimate.  It  exported  20  tons  in  1908  and 
14-8  tons  in  1909  of  the  value  of  £4120. 

Mercuric  Bromide,  HgBfs,  is  similar  to  tho  chlorido. 

MERCURIC  IODIDE  :  Hgl2.     This  compound  is  obtained  by  precipitating  a  soluble 
mercuric  salt  with  a  solution  of  potassium  iodide.     A  yellow  crystalline  substance  is  first 
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formed  which  suddenly  becomes  red  and  is  very  insoluble  in  water.  This  iodide  suddenly 
acquires  a  yeUow  colour  at  130°  and  melts  at  223*^  to  form  a  red  liquid,  which  on  cooling 
first  becomes  yellow  and  then  red  again.  These  changes  are  due  to  isomeric  forms  of  the 
same  substance.  Hgl2  is  soluble  in  a  solution  of  KI,  and  on  adding  potassium  hydroxide 
to  this  solution  Nesaler's  reagent  is  obtained,  which  is  used  for  the  detection  of  minimal 
traces  of  ammonia,  for  instance,  in  water  j(p.  214),  with  which  it  forms  a  brown  precipitate. 
No8sler's  reagent  is  prepared  by  boiling  a  mixture  of  36  grms.  of  KI  with  13  grms.  of 
Hgds  in  800  grms.  of  water  and  then  adding  a  cold  saturated  solution  of  HgCls,  drop 
by  drop,  until  a  permanent  precipitate  is  just  obtained.  160  grms.  of  solid  KOH  are 
then  added  and  the  whole  is  diluted  with  water  to  1000  c.c,  after  which  a  further  few 
drops  of  mercuric  chloride  solution  are  added,  the  whole  is  allowed  to  stand  and 
the  clear  liquid  decanted  and  kept  in  well-closed  bottles.  The  Double  Iodide  of  Mercury 
and  Copper,  Hglg.CuI,  behaves  in  a  similar  way  on  heating,  but  the  colour-changes 
already  occur  at  temperatures  below  100°,  and  it  has  therefore  been  suggested  as  a 
material  for  colouring  the  extremities  of  the  axles  of  railway  waggons  so  that  any  over- 
heating through  excessive  friction  may  easily  be  noticed. 

The  mercuric  halogen  compounds  are  very  resistant  to  the  action  of  concentrated  H2SO4 
and  also  to  alkalis. 

MERCURIC  CYANIDE :  Hg(CN)2.  This  compound  is  formed  on  heating  mercuric 
oxide  with  Prussian  blue  (set  Iron)  suspended  in  water.  It  then  separates  on  cooling 
in  large  colourless  prisms.  It  is  more  soluble  in  alcohol  and  in  ether  than  in  water.  It 
resists  the  action  of  acids  and  its  aqueous  solutions  are  not  precipitated  either  by  AgNOs  or 
by  KOH,  perhaps  because  they  are  only  dissociated  into  ions  to  a  minimal  amount,  and 
a  precipitate  of  HgS  is  only  obtained  with  H2S  or  with  alkali  sulphides,  because  it  is  very 
insoluble,  and  a  small  number  of  dissociated  ions  of  the  cyanide  separate  completely  with 
HgS  until  all  the  mercuric  cyanide  has  been  decomposed. 

MERCURIC  NITRATE  :  Hg(N03)2.  This  compound  is  not  easily  prepared  in  a  pure 
state  because  a  little  basic  nitrate  is  always  obtained  with  mercury  in  excess  of  hot  nitric 
acid.  It  is  very  poisonous.  On  diluting  its  aqueous  solution  the  insoluble  basic  nitrate, 
Hg(N03)2.2HgO.H20,  separates  and  produces  pure  HgO  on  boiling. 

MERCURIC  SULPHATE :  HgSO^.  On  heating  Hg  or  HgO  with  an  excess  of  concen- 
trated H2SO4  the  sulphate  separates  as  a  colourless  cr3r8talline  mass  which  becomes  yellow 
on  heating.  It  is  insoluble  in  water,  in  contact  with  which  it  forms  a  yellow  basic  salt 
HgS04.2HgO,  which  is  insoluble.  It  forms  double  salts  with  the  alkali  sulphates,  for 
example,  HgSO4.K2SO4.6H2O,  which  are  isomorphous  with  the  corresponding  double 
salts  of  magnesium,  zinc,  &c. 

MERCURIC  SULPHIDE :  HgS.  This  is  found  in  nature  as  cinnabar,  a  bright  red 
mass  of  radiating  crystals.  It  is  almost  always  obtained  artificially  by  the  dry  method  by 
heating  the  crude  black  sulphide  obtained  by  mixing  and  stirring  a  mixture  of  54  parts  of 
Hg  and  7*6  parts  of  sulphur  in  a  covered  cast-iron  pot.  The  cinnabar  which  sublimes  forms 
a  bright  red  crystalline  mass  which  is  then  ground  under  water  to  avoid  the  production  of 
dust,  and  is  purified  by  heating  it  with  a  solution  of  potassium  carbonate,  after  which  it  is 
further  washed  with  water,  dried  on  tiles,  and  finally  ground  with  special  precautions. 
The  brightness  of  its  red  colour  depends  on  the  fineness  of  its  particles. 

It  is  prepared  by  the  wet  method  by  thoroughly  mixing  5  parts  of  Hg  and  1  part  of 
sulphur  and  then  heating  the  mixture  to  45°  with  a  concentrated  solution  of  KOH  of  45°  B^. 
until  the  black  powder  becomes  bright  red.  It  is  then  poured  into  water,  washed,  and 
dried. 

It  is  obtained  in  the  laboratory  by  the  action  of  H2S  on  a  solution  of  a  morcimc  salt. 
It  then  forms  a  black  mass  which  becomes  red  on  sublimation.  It  is  used  in  painting, 
but  the  colour  degenerates  in  time.  It  is  often  adulterated  with  iron  oxide,  minim,  gypsum, 
&c.  It  costs  6«.  to  65.  lOrf.  per  kilo.  Germany  exported  199-4  tons  in  1906  at  £240  per  ton. 
Italy  imported  14*7  tons  of  cinnabar  (or  vermilion)  in  1907,  7*9  tons  in  1908,  and  7-6  tons 
in  1909  of  the  value  of  £2120. 
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COPPER,  SILVER,    AND   GOLD 

These  three  elements  form  a  rather  heterogeneous  group,  which  is  derived 
from  Mendelejew's  periodic  system  of  the  elements  {see  the  end  of  this  workl, 
but  forms  a  weak  point  in  the  brilliant  conception  of  the  Russian  chemist. 
It  is  only  by  forced  conceptions  that  any  close  analogy  can  be  found  between 
these  elements. 

Already  when  we  consider  their  valencies  we  find  that  copper  is  usually 
divalent  in  its  compounds,  whilst  silver  is  exclusively  monovalent  and  gold  is 
sometimes  monovalent,  but  generally  trivalent. 

Their  oxides  and  sulphides  are  all  insoluble,  aa  are  those  of  the  heavy 
metals,  and  it  is  only  in  some  reactions  that  a  certain  analogy  can  be  traced 
between  the  compounds  of  this  group  and  those  of  the  group  of  the  alkali 
metals.  The  heat  of  formation  of  the  derivatives  of  these  metals,  in  which 
they  show  minimal  valency,  decreases  with  increase  of  the  atomic  weight. 

COPPER :  Cu,  63.57 
This  element  is  sometimes  found  in  the  native  state  crystallised  in  octahedra 
or  cubes,  but  is  usually  found  in 
combination  in  varioua  minerak, 
coloured  black,  blue,  or  red  in 
America,  Sweden,  the  Ural  Moun- 
tains, Japan,  and  China.  It  is 
found  as  CkalcopyriU,  CuS.FeS. 
as  basic  carbonate  in  Malachilr. 
CuC0a+3Cu(0H)„  and  Azurik. 
CuCOs+Cu(OH)„inCMy)r»te,Cu,0, 
and  in  Chalcosine,  CujS.'  It  is  one 
of  the  metals  which  have  been  used 
by  man  since  remote  antiquity, 
but  its  consumption  has  increased 
extraordinarily  of  late  years. 

The  metal  may  be  extracted 

from  poor  copper  ores  by  the  wet 

process,  whilst  in  the  case  of  rich 

iFia,  327.]  ores  the   dry   process  is    usually 

applied. 

The  dry  treatment  of  oxidised  ores  and  of  native  copper  is  very  simple 

as  it  is  merely  necessary  to  heat  them  with  carbon  and  a  siliceous  ttux  in  a 

reverberatory  furnace,     A  very  impure  copper  is,  however,  thus  obtaineil. 

The  treatment  of  sulphurised  ores  is  considerably  more  complicated,  but 

produces  a  much  purer  metal. 

In  order  to  concentrate  poor  ores  these  arc  pulverifled  and  then  introduced  into  hori- 
zontal revolving  cylinders  with  an  internal  spiral  channel  (Fig.  227)  (English  Macquisten 
proceM)  through  which  a  strong  current  of  water  passes  which  does  not  moisten  the  particli-f 
of  mineral  aiUphido  so  that  thcxo  float  and  are  continually  discharged  along  the  wi(l> 
horizontal  channels.  6,  which  enter  the  cylinders,  and  through  the  tubes,  c.  The  ore,  which 
contains  ten  times  as  much  copper  as  before,  finally  passes  into  the  common  channel,  rf. 
The  particles  of  siliceous  ganguc,  which  contain  no  metal,  are  completely  moistened  by  th<- 
current  of  water,  collect  at  the  bases  of  the  cylinders  on  account  of  their  weight  and  aiv 
carried  by  the  spiral  channels  into  other  collecting  tubes  which  lead  to  the  single  discharginf 
worked  «t  Agordo  (Bdluiio)  (pyrile*  with  »l>Dut  J*S  ii*r  rent,  ol  copper) ;  !n  Li)Oiia 

In  lliK  ViL  a'Aoau'dt  San  Marcfllo  ud  at  Ollomont)  chBloipTritc  li  liM  wnrkn' 
ruscany.and  tlic  iirc  is  ninrp  rsprcWJy  tft«l«l«tLimciio,  but  It  very  rich  ill* -i* 
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channel,  t.  The  cylinders  make  30  revolutions  per  minute  and  may  also  be  arranged  in 
Hcries  so  that  the  oro  passes  from  one  to  the  other  and  there  is  no  danger  of  loss.  Each 
tube  treats  from  5  to  6  tons  of  ore  per  day.  The  concentrated  ore  cannot  be  introduced 
directly  into  the  furnace  as  a  powder,  because  it  woiUd  cause  obstruction,  and  is  therefore 
moistened,  converted  into  compressed  briquettes,  and  dried,  or  is  slightly  molted  so  that  a 
species  of  agglomerate  is  formed  in  Dunks'  furnaces  {see  Iron). 

(I)  TREATME»rr  OF  SULPHURISED  ORES  BY  THE  DRY  METHOD.  A 
cunHidciable  portion  of  the  sulphur  in  these  ores  is  utilised  by  roastbig  them  in  suitable 
furnaces  such  as  are  used  for  the  pyrites  utilised  in  the  manufacture  of  sulphuric  acid 
(p.  256). 

Wliere  the  sulphur  is  not  utihsed  the  roasting  is  simply  conducted  in  large  heaps  con- 
taining hundreds  of  tons  of  oro  in  the  open  air  on  a  layer  of  wood  which  is  then  lighted. 
The  roasting  lasts  from  four  to  Sfo  weeks.  In  this  way  a  portion  of  the  sulphur  and  certain 
volatile  products  such  as  antimony  and  arsenic  are  eliminated.    A  more  or  loss  finely 


Fio.  228.  FiQ.  229. 

divided  mass  of  black  colour  thus  rumainK.  the  colour  being  due  to  the  oxides  of  copper  and 
iron  which  are  formed.  Theroastcdore  is  then  treated  in  some  countries  in  cupola  furnaces, 
whilut  in  others  reverboratory  furnaces  are  used  {see  Fig.  228,  section  and  plan),  in  which 
it  ia  mixed  with  coal  (where  coal  is  cheap  as  in  England,  or  where  the  ores  contain  much 
antimony  and  arsenic).  Since  much  time  and  fuel,  and  also  a  }>ortion  of  the  sulphur,  aro 
lost  during  roasting,  the  crude  mat«rial  is  often  treated  directly  in  a  cupola  or  roverberatory 
furnace,  the  SOg  being  then  utilised.  This  utilisation  is.  however,  not  easy  on  account  of 
the  large  quantities  of  other  gases  with  which  the  SO^  is  diluted,  and  it  cannot  be  used  for 
the  manufacture  of  contact  sulphuric  acid,  because  the  catalyst  (Fc^O}.  p.  281)  becomes 
covered  with  a  quantity  of  dust  and  zinc  oside  ;  moreover,  as  the  gases  are  moist,  dilute 
sulphuric  acid  ie  obtained.  The  gases  arc  often,  therefore,  by  preference  dispersed  by  means 
of  very  high  chimneys  (there  is  one  at  Boston  1&4  metres  high)  in  order  not  to  injure  the 
surrounding  vegetation. 

A  type  of  cupola  fumscc  as  used  at  Mansfield  is  illustrated  in  section  in  Fig.  229.  The 
roasted  ore,  which  contains  iron  oxide  and  sulphides,  and  sulphates  of  copper  and  iron 
obtained  by  oxidation  of  the  sulphides,  is  miied  with  fluxes  (silicates,  quartz,  or  slag  from 
preceding  operations)  and  charged  into  the  cupola,  a.  As  the  temperature  gradually  rises 
inside  and  outside  (hot  gases  circulate  in  f)  through  the  action  of  the  air  which  passes  into 
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the  cupola,  a  portion  of  the  aulphw  is  eliminated  and  also  any  rosiduaJ  As  and  Sb.     Simul- 
tAneously  sulphates  and  ozido»  of  copper,  iron,  zinii,  lead,  &c.,  are  formed,  and  a  portiori 
of  the  copper  sulphide  remainH  unaltered  because  it  is  less  oxidisable  than  the  eulphides  lA 
the  other  metals.    When  the  temperature  is  aufBoiently  high  a  reducing  action  commeQcp- 
which  is  more  energetie  if  coal  has  been  added  to  the  ore  or  i(  it  contains  bituminous  mat  (<t. 
The  sulphates  are  tjius converted  into  sulphides  and  the  ferric  oxideinto  ferrous  oxide  whicl: 
separates  as  a  slag  through  the  action  of  the  molten  fluxes,  which  also  diasolvo  many  othrt 
impuritioB,  consisting  of  VAriouB  metals  and  their  oxides.    On  the  other  hand,  alnaost  ail  thi 
copper  which  was  present  in  the  state  of  oxide  is  partially  reduced  to  mefallio  copper  and 
partially   to    sulphide   by   react- 
ing    with      the     iron      sulphide 
which  is  present :  6CuO  +  4FcS  = 
3Cu,S  +  4FeO   +    SO,.        Th* 
molten  mass  containing  metallic 
copper,     copper     sulphide,     and 
copper   oxide    mixed  with  olhrr 
oxidesond  with  sulphides  of  in>D. 
&c.,  forms   the   so-called    Mars- 
mOal    (matte)     which     contain!' 
about  35  per  cent,  of  copper.     If 
attempts  were  made  to  produci 
a  purer  "  matte  "  there  would  W 
a  risk  of  copper  passing  into  the 
slag.     The   molten  mass,   mixed 
with  lighter  molten  slag,  runs  on 
to  an  inclined  hearth  at  the  base, 
(I,  and  is  discharged  by  two  aper- 
tures,  e,  inl«    two    cruciblc.i.  g : 
the  slag,  which  separates   at  tbi- 
surface,  overflows  into  the  lateral 
receivers,  ft.     The  molten    niatti- 
is   solidified   and    granulated   bv 
pouring   it   into   the  vessel,  i,  in 
which   water    continually    circu- 
lates through  the  tubes,  k. 

The  crude  matte  is  then  con- 
centrated and  purified  by  sub- 
mitting it  once  or  twice  to  thp 
process  of  roasting  and  meliinp 
OS  was  done  before,  thus  gradu- 
ally eliminating  the  impurities 
by  moans  of  the  slog  in  such  s 
way  that  the  greater  part  of 
the  copper  and  the  iron  remain- 
Fia.230.  OS    sulphides.      A    rancentrat.xl 

matte  is  thus  obtained  which 
contains  much  CujS  and  FeS,  together  with  oopper  oxide,  its  total  contents  of  copprr 
being  60  to  70  per  cent.  This  regulus  is  finally  treated  in  rovorberatory  furnaces  where, 
by  the  direct  action  of  the  flame  and  of  much  air,  the  sulphides  are  transformed  inru 
oxides,  the  mass  being  coctinualty  stirred  with  iron  tools  by  hand  or  suitable  mechanical 
devices;  CujS  +  30  ■=  CujO  +  SO^.  Furthermore  a  portion  of  the  cuprous  oxide  is  reducti! 
to  metallic  copper  through  the  action  of  the  iron  sulphide:  3CuJO-^FeS=6Cu-t-FeO-^SOr 
The  iron  oxide  separates  in  the  slag  together  with  the  siUca  remaining  in  the  regulus  and 
partly  with  silica  derived  from  the  furnace  hearth.  When  it  is  certain  that  oxidation 
is  complete,  powdered  coal  is  introduced  into  the  furnace  in  order  to  reduce  the  metallio 
oxides  energetically.  In  this  manner  impure  Uitter  copper,  cont^ning  90  to  OS  per  cent 
of  Cn,  1  to  2-S  per  cent,  of  Fe,  and  OS  to  2-5  per  cent,  of  sulphur,  is  obtained,  together  witb 
a  very  little  regulus.  The  slag  which  separates  in  the^io  furnaces  contains  up  to  1  per  cenl. 
of  copper  and  is  used  as  a  flux  in  the  concentration  of  the  grey  metal. 
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Of  lato  years,  after  the  work  of  HoUoway  (lt.T9)  and  of  Manhte  (1882-1890),  the  tioat- 
ment  of  grey  metAl  is  carried  out  directly  in  Bessemer  converters  (see  Iron),  which 
contain  2  to  3  tons  of  the  regains.  In  this  case,  contrary  to  the  practice  in  ths  case 
of  iron,  sir  is  merely  blown  over  the  surface  of  the  molten  mass  and  rapidly  transforms  the 
copper  and  iron  sulphides  into  cuprous  and  ferrous  oxides  with  evolution  of  SOj.  Cuprous 
oxide  forms  metallic  copper  with  a  portion  of  the  CugS  (see  above),  whilst  furrous  oxide 
is  transformed  into  slag  by  the  silica  which  liaeH  the  converter.  60  tens  of  rogulus  ore 
tri-^ted  in  twenty-four  hours  and  a  black  copper  is  obtained  containing  95  to  99  per  cent, 
of  Cu,  a  little  sulphur,  and  minimal  q^uantities  of  other  metals.     The  »lag  is  routilised. 

AMERICAN   PROCESS.     In   cupola   furnaces   there  are  notable  heat   losses,  largo 
consumption  of  refractory  materials  and  fuel,  and  not  more  than  20  tons  of  ore  can  be 
treated  per  twenty-four  hours.     By  the  new  process  of  direct  smelting  of  sulphurised  or 
pyritic  ore  proposed  by  Holloway,  the  heat  of  combustion  of  the  sulphur  contained  in  the 
ore  is  partly  utilised,  and  the  process  is  also  well  adapted  for  poor  ores.    In  the  now  type 
of  furnace  (Fig.  230)  the  walls  of  refractory  material  are  replaced  by  double  walls  of  steel, 
which  aro  kept  cool  by  a  current 
of  water,  whilst  the  upper  part  of 
the  furnace,  which  is  of  rectangular 
Hf^tion,  is  built  of  brickwork.    A 
largo  pipe,  a,  carries  in  the  com- 
pressed air  from  a  Root's  blower 
at  a  pressure  of  60  cm.  of  water. 
This  is  injected  into  the  lower  part 
of  the  furnace  through  tuy^os,  6, 
which    may    amotmt  to    150  in 
number.     The  portion  enclosed  by 
the  steel  plates  from  a  to  &  has  a 
nidth   of  0-90  metre  below    and 
2'flO  metres  above  and  a  depth  of 
4-30  metres.    The  brickwork  por- 
tion   bolow    the   level,   p,   up    to 
■which  it  is  charged,  has  a  section 
of  2-20  by  3  metres  and  is  3-30 
metres    high.     The    water    which 
circulates    between     the     double 
steel  walls  escapes  at  a  tempera- 

furo  of  70°  to  80°,  and  600  to  F»o.  231. 

700  cu.  metres  of  water  aro  used 

per  twenty-four  hours.  The  furnace  bottom  is  formed  of  a  large  steel  plate  which 
can  bo  raised  in  one  piece  for  the  purpose  of  discharging  the  contents.  The  fused 
rcfiruluB  is  discharged  into  suitable  crucibles  mounted  on  pivots  so  that  they  are 
rcvcraiblo,  and  these  are  then  carried  on  cars  itoeetly  to  the  Holloway-Manhis  con- 
verters (Fig.  231),  which  differ  somewhat  from  ordinary  Bessemer  converters.  The  furnace 
is  charged  through  p  with  the  ore,  mised  with  coko  and  with  limestone  as  a  flux.  A 
portion  of  tho  fuel  is  sometimes  replaced  by  pyrites  or  copper  and  sidphur,  and  the  con- 
sumption  of  fuel  is  thus  only  3  to  5  per  cent,  of  the  ore,  whilst  in  cupola  furnaces  it  may  be 
ae  much  as  20  to  25  per  cent.  In  tho  converter  the  fused  matte  is  transformed  by  a  single 
operation,  and  without  consumption  of  fuel,  into  crude  copper  by  means  of  powerful  jets 
of  slightly  compressed  air  which  pass  over  the  surface  of  the  fused  regulus  below  the  molten 
slag  and  carry  off  the  sulphur  dioxide,  whilst  the  impurities,  consisting  of  iron,  ftc,  which 
sometimes  form  as  much  as  40  per  cent,  of  the  regulus,  are  combined  and  absorbed  by  the 
quartz  lining  of  tho  converter,  being  transformed  into  a  fused  vitreous  sUicate  which 
floats  on  the  copper  and  may  be  decanted.  The  quarti  Uning  is  renewed  after  7  or  8 
operations,  and  5  to  6  converters  are  used  for  each  furnace,  so  that  time  is  allowed  tor 
relining,  cooling.  &e.  Fairly  pure  copper  (up  to  98  jier  cent.)  is  obtained  in  tho  converters, 
but  it  may  be  refined  in  reverberatory  furnaces  as  duscribod  below. 

COPPER  REFINING.  Tho  black  copper  may  be  refined  in  reverberatory  furnaces  or 
clectrolytically.  The  reverb(Tatory  furnaces  which  are  used  have  a  small  sdiceous  hearth. 
on  to  which  the  black  copper  is  introduced  and  raised  to  a  high  temporaturo  for  6  or  7 
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hours,  all  the  apertures  of  the  furnace  bei4g  closed  {B,  Fig.  230).  High  temperatures  are 
more  easily  reached  in  smaU  than  in  large  furnaces.  When  the  mass  has  been  thoroughly 
heated  and  melted  large  quantities  of  air  are  injected  and  a  portion  of  the  impurities, 
consisting  of  Zn,  Pb,  As,  Sb,  and  S,  is  thus  volatilised,  another  portion,  consisting  of 
Fe,  Ni,  and  part  of  the  Zn  and  Pb,  being  converted  into  el&g  by  the  silica  of  the  furnace 
hearth.  This  slag  floats  on  the  melted  copper  and  can  easily  be  separated.  Cuprous 
oxide,  OujO,  is  formed  on  the  surface  and  penetrates  into  the  molten  metal,  giving  off 
oxygen  to  the  copper  sulphide  which  is  still  present,  with  evolution  of  SO2. 

Copper  remains,  which  contains  a  little  cuprous  oxide,  OugO,  and  a  little  SOj.  In  order 
to  reduce  and  eliminate  these  products,  large  poles  of  green  wood  are  introduced  into  the 
copper  and  evolve  HgO,  H,  CO,  and  hydrocarbons  which  stir  up  the  mass.  All  the  SO^ 
is  thus  eliminated  and  a  large  portion  of  the  CU2O  is  reduced  to  metallic  copper.  The  last 
traces  of  CU2O  are  reduced  by  throwing  powdered  wood  charcoal  into  the  furnace  ;  pure 
malleable  and  ductile  copper  finally  remains.  The  reduction  is  more  effective  if  a  highly 
reducing  substance  is  added  to  the  fused  mass,  instead  of  green  wood ;  such  substances 
are  copper  phosphide,  containing  9  per  cent,  of  P,or  manganous  copper,  containing  30  per 
ceht.  of  Mn.  Compact  copper  without  blowholes  is  thus  produced.  Special  Bessemer 
converters  similar  to  those  used  for  steel  are  now  sometimes  used. 

The  electrolytic  refining  of  copper  gives  a  very  pure  product.  The  black  copper  is 
cast  in  moulds  1  metre  long,  0-50  metre  broad,  and  about  2  cm.  deep,  and  the  slabs  thus 
obtained  are  subjected  to  electrolysis,  as  explained  below,  by  using  them  as  anodes  in  an 
electrolytic  bath  and  depositing  electrolytic  copper  on  plates  of  pure  copper  which  form  the 
cathodes. 

(2)  WET  TREATMENT  AND  UTILISATION  OF  CUPRIFEROUS  BURNT 
PYRITES.  This  treatment  is  suitable  for  relatively  poor  copper  ores.  Burnt  pyrites 
containing  4  to  7  per  cent,  of  copper  is  treated  by  the  wet  chlorination  process,  whilst  if  it 
contains  more  than  7  per  cent  of  copper,  dry  chlorination  is  used,  but  the  consumption  of 
NaCl  is  then  more  excessive  than  when  the  wet  method  is  employed.  In  this  case  the  ordinary 
process  of  oxidation  which  was  first  described  is  preferred. 

The  cupriferous  pyrites  which  are  used  for  the  production  of  SO2  in  sulphuric  acid  manu- 
facture are  burnt  in  such  a  manner  that  the  copper  in  the  ash  finally  remains  partly  as 
cuprous  oxide  and  partly  as  cuprous  sulphide,  Cu^S,  whilst  the  iron  is  also  present  as  oxide 
and  to  a  small  extent  as  FeS.  The  product  obtained  under  these  conditions  is  the  most 
suitable  for  dry  extraction.^ 

Btimt  pyrites  which  only  contains  1  per  cent,  of  copper  is  treated  by  the  wet  method. 
The  burnt  pyrites  is  exposed  to  the  air  and  rain  in  heaps  for  some  weeks  and  then  treated 
in  vats  with  dilute  (Glover)  sulphuric  acid  with  stirring.  The  resulting  liquid  is  discharged 
into  other  vats  into  which  a  sufficient  quantity  of  iron  turnings,  or  preferably  of  sheet  iron, 
is  placed.  On  stirring,  a  powdery  reddish  paste  is  deposited  on  the  bottom  which  contains 
all  the  metallic  copper  and  forms  the  so-called  cementation  copper,  which  contains  60  to 
70  per  cent,  of  copper  when  moist,  and  75  to  80  per  cent,  when  dry. 

This  cementation  copper  is  ordinarily  used  for  the  preparation  of  crystallised  copper 
sulphate  {which  see)  or  is  treated  as  a  rich  ore  for  the  extraction  of  copper  by  the  usual 
processes.     400,000  tons  of  cupriferous  pyrites  are  annuaUy  used  in  England. 

(o)  DRY  CHLORINATION  PROCESS.  The  sulphur  contained  in  the  burnt  pjTitt-s 
should  if  possible  be  present  in  smaller  quantity  than  the  copper  and  not  in  larger  quantity, 
because  in  that  case  more  salt  is  required  and  the  roasting  takes  more  time.  The  powdered 
cupriferous  residues  are  mixed  with  10  to  16  per  cent,  of  sodium  chloride  and  heated  for 
10  to  16  hours  in  reverberatory  or  preferably  in  muffle  furnaces,  as  the  temperative 
is  more  easily  regulated  in  the  latter.  This  should  not  exceed  600^  (less  than  a  red  heat), 
as  otherwise  the  copper  chloride  forms  volatile  cuprous  chloride  which  is  lost.  In  certain 
cases  it  is  advisable  to  add  6  to  7  per  cent,  of  ferrous  sulphate  (for  each  4  to  5  per  cent, 
of  copper),  as  time  is  thus  gained  in  roasting  and  copper  sulphate  is  more  easily  formed 
which  is  then  transformed  on  heating  into  chloride  by  the  action  of  the  sodium  chloride. 

^  Both  CUfO  and  CUfS  melt  comparatively  easily  and  then  impede  the  stioceaBfal  combustion  of  the  pyritfs. 
In  pyrites  furnaces  it  is  therefore  inadvisable  to  exceed  a  temperature  of  550*  to  000*  (cherry-red  heat).  This 
temperature  is  more  easily  maintained  in  mechanical  furnaces  ;  thus  whilst  in  the  Maletra  burners  (p.  25S)  oniy 
about  80  per  cent,  of  the  copper  remains  soluble  in  acids,  in  the  mechanical  furnaces  (p.  257),  as  much  as  05  per 
cent,  remains  soluble.  This  result  is  obtained  with  more  certainty  if  the  pyrites  is  pravioualy  mixed  with  a 
very  little  sulphuric  acid. 
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In  order  to  determine  whether  the  roasting  is  completed,  a  portion  of  the  mixtore  is 
removed  from  the  furnace  mth  a  ladle,  washed  with  water  and  then  with  dilute  hydro- 
chloric odd, and  copper  IB  tested  for  in  the  residue  by  boiling  it  with  aqna  regia,  and  then 
dissolving  in  ammonia.  According  to  the  more  or  less  intense  blue  colour  of  the  sohition, 
the  larger  or  sm&Uer  quantity  of  copper  which  has  not  been  attacked  by  the  sodium  chloride 
through  insufBcient  roasting  is  estimated.  The  toasted  product  is  syHtematically 
liziTiat«d  with  water  in  vats  similar  to  those  used  for  soda  (p.  470),  utilising  the  mother 
liquors  from  a  previous  treatment  The  solution  of  copper  salts,  after  filtration  or  decan- 
tation,  is  exposed  to  so-called  ctmentation  in  wooden  or  cemented  vats,  the  copper  being 
precipitated  by  iron  filings  or  preferably  by  iron  turnings,  sheet  iron,  or,  better  still,  spongy 
iron,  with  continual  stirring  and  heating  to  50°  to  60°  with  a  jet  of  steam.  Theoretically 
88  parts  of  iron  precipitate  100  parte  of  copper,  but  in  practice  it  is  necessary  to  employ  at 
least  200  parts  of  iron.  Sometimes  treatment  with  SO,  is  resorted  to  in  order  to  obtiun 
a  purer  cementation  copper ;  as  thus  obtained  it  contains  from  60  to  85  per  cent  of 
copper,  the  rest  consisting  of  iron  salts  and  other  impurities. 

(&)  WET  CHLORINATION.     Burnt  pyrites  is  treated  with  a  solution  containing 
1000  parts  of  water,  280  parte  of  ferrous  sulphate,  and  120  parte  of  sodium  chloride,  at  80°, 
the  whole  being  then  stirred  for  three  or  four  days-    Fbttoub  chloride  is  thus  formed, 
and  this  transforms  the  copper  oxide 
into    a    miztoro    of    soluble    copper 
chloride  and  insoluble  cuprous  chloride : 
3CuO-i-2PeCI,-=Fe,0,-(-CuCl(+Cu4Cl,. 
On  adding  iron  filings,  or  preferably 
iron  turnings  or  spongy  iron,  to  this 
mixture,     free    copper     (cementation 
copper)    is    precipitated     and     ferric 
chloride  is  formed  which  is  converted 
into  ferrons  chloride  by  excess  of  iron : 
2CuCa,  +  CutClt  +  2Pe  -  76,0,  +  4Ca.  Fio.  232. 

The  solution  of  ferrous  chloride  is 
used  for  the  treatment  of  fresh  burnt  pjrrites  instead  of  sodium  chloride.    The  cementation 
copper  is  used  for  the  preparation  of  refined  copper  or  copper  sulphate. 

(3)  ELECTROLYTIC  PROCESS.  At  one  time  only  rich  ores  or  the  black  copper 
obtained  on  treatmentof  the  ore  («ee  above)  were  treated  by  this  process.  To-day,  however, 
poor  ores,  especially  when  they  contain  sulphur,  are  also  treated  by  the  Siemens-Halske 
process,  which  uses  a  solution  of  ferric  sulphate,  or  by  the  Hopfner  process  in  which  a 
solution  of  cuprous  chloride  is  used.  Siemens  and  Halske  treat  the  powdered  ore  or 
cupriferous  iron  pyrites  which  has  been  sUghtly  roasted,  with  a  solution  of  ferric  sulphate 
containing  a  little  H^0«,  in  order  to  increase  ite  conductivity.  The  copper  of  the  ore  passes 
into  solution  forming  copper  sulphate  and  reducing  the  ferric  sulphate  to  ferrous  sulphate  ; 
Oii^  -I-  2Fe,(S04),  —  2CUSO4  +  iFeSO,  +  S.  This  solution  is  eleciiolyfled  in  a  con- 
tinuous apparatus,  which  is  shown  diagrammatically  in  Pig.  232.  There  is  a  wooden 
vat,  O,  oontwninga  perforated  false  bottom.  L,  on  which  aseriesot  carbon  anodes.  j4,  rest, 
Theaearecoveredby  a  layer  of  filtering  material,  ii  (felt  or  other  material),  which  separates 
the  anode  compartment  from  the  upper  cathode  compartment.  In  this  latter,  which  is 
filled  with  thesolution,  a  series  of  cylinders,  £,  to  £4,  clad  with  sheet  copper  are  immersed. 
These  are  united  with  one  another  and  connected  to  the  negative  pole,  E,  and  are  rotated 
by  the  belte,  8,  in  such  a  manner  that  the  bath  is  continuously  stirred.  When  a  current 
is  passed  oopper  is  deposited  on  the  cathodes,  K,  whilst  SO*  ions  are  formed  at  the  anodes 
which  oxidise  the  ferrous  sulphate  formed  in  the  cathodic  compartments  ;  this  then  passes 
to  the  anode  through  the  filter,  A :  CuS04-l-2Fe8O4=Cn-hFe,(S0t)».  The  solution,  ahnost 
free  from  copper  and  containing  regenerated  ferric  sulphate,  escapes  through  the  syphon 
tube,  V,  and  is  used  to  dissolve  fresh  copper  in  the  vat  in  which  the  ore  is  treated  ;  it  is  then 
again  passed  through  the  electrolytic  apparatus,  the  process  being  continuous-  After 
various  modifications  the  Siemens-Halske  process  is  now  arranged  as  indicated  schemati- 
cally in  Fig.  233.  ^  is  a  vat  containing  a  solution  of  copper  sulphate  and  ferrous  sulphate. 
This  solution  passes  through  the  tube,  B,  into  the  cathodic  compartment,  Cand  if,  and  after 
I  35 
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haring  deposited  the  greater  portion  of  the  copper,  posHee  into  the  anodic  compartment,  a. 
where  it  is  oxidised,  forming  ferric  sulphate.  The  ore  is  cruahed  in  E,  and  the  poirdered 
ore  passea  along  the  channel,  F,  into  the  vat,  H,  which  ia  provided  with  a  stirrer.  The 
ozidieed  solution,  containing  little  CuSO^  and  much  FejISO^jg,  also  passes  into  this  vat 
through  the  tubes,  D  and  O.  In  contact  with  the  powdered  ore,  a  solution  of  CuSOf 
and  FeS04  is  fc4*nicd,  and  the  extracted  ore  is  then  deposited  in  K,  whilst  the  liquid  passes 
into  the  vat,  A,  through  the  tube,  M.  A  current  density  of  16  amps,  per  square  metre 
is  employed  at  an  E.M.F.  of  0'7  volt.  Ores  containing  up  to  0-1  per  cent,  of  copper  con 
be  extracted  in  10  hours. 

By  the  Hopfner  process  the  copper  is  dissolved  in  a  solution  of  copper  chloride  instead  of 
one  o(  ferrio  sulphate. 

Another  etectrol3rtic  process  which  has  yielded  good  practical  results  after  many  improve- 
ments is  tbat  of  Marchese,  who  uses  the  matte  CUfS  +  Fe^S  as  anodes.  This  tegulus  is 
obttuned  in  the  initial  treatment  of  the  ore  {see  above).  The  bath  consists  of  a  solution  of 
the  ore  in  H^SO^  and  the  cathode  of  plates  of  pure  copper  on  which  the  new  copper,  which  is 
very  pure  (99'8  per  cent.),  is  deposited,  whilst  sulphur  is  deposited  at  the  anode. 


Fio.  233. 

PROPERTIES.  Pure  metallic  copper  has  a  beautiful  bright  red  and 
speoially  lustrous  colour.  It  is  fairly  hard  (see  Tabic,  p.  411),  but  also  fairly 
ductile  and  flexible,  and  may  be  obtained  in  wirea  and  in  very  thin  toil,  which 
has  a  green  appearance  by  transmitted  light.  Its  specific  gravity  is  8'94  ;  it 
melts  at  1080°  and  solidifies  to  an  irregular  mass,  so  that  it  is  difScult  to  cast. 
At  temperatures  near  ite  melting-point  it  is  brittle  and  can  be  powdered.  It 
keeps  well  in  diy  air,  but  in  presence  of  moisture  becomes  covered  with  a  green 
layer  of  the  basic  carbonate,  Verdigris.  When  heated  in  the  air  it  is  readily 
transformed  into  the  black  oxide,  CuO.  It  is  not  appreciably  dissolved  by  HCI 
or  HjSO^,  although  in  presence  of  air,  or  in  the  form  of  oxide,  copper  is  attacked 
more  easily  by  these  two  acids.  On  heating  with  strong  HjSO^,  SOj  is  evolved 
and  CuSO^  is  formed.  Dilute  nitric  acid  dissolves  it  even  in  the  cold  with  evolu- 
tion of  NO.  Zinc,  iron,  magnesium,  &c.,  separate  it  from  solutions  of  its  salt^s 
in  the  metallic  state.  When  heated  with  SOg  under  pressure  solutions  of  CuSO, 
form  a  precipitate  of  pure  copper.  Ammonia  dissolves  copper  in  presence  of 
air,  forming  an  intensely  blue  solution  of  Hydroxyammoniate  of  Copper. 
Certain  vegetable  organisms  are  extremely  sensitive  to  the  poisonous  action  of 
copper  and  its  i^alts. 

APPLICATIONS.  Much  copper,  in  the  very  pure  form  in  which  it  is  obtained  to-day 
by  electrolytic  processes,  is  used  in  circtric  installations  as  a  good  conductor  of  the  current. 
It  is  also  used  in  the  construction  of  much  industrial  machinery,  for  cooking  utensils,  for 
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engraTing,  &c.,  but  the  greater  portion  of  the  copper  which  is  used  goes  to  form  alloys, 
with  other  metals. 

ALLOYS  OF  COPPER.  We  will  enumerate  the  principal  alloys  of  this  metal.  Brass 
contains  3  parts  of  Cu  and  1  part  of  Zn,  and  has  a  yellow  colour.  The  proportion  of  zino 
may  vary  somewhat,  but  never  descends  below  18  per  cent.  It  is  used  for  many  mechanical 
purposes  because  it  is  harder  than  copper.  It  sometimes  contains  1  to  2  per  cent,  of  lead. 
Bronze  is  an  alloy  of  copper  and  tin,  and  sometimes  contains  a  little  zinc  and  lead.  BeU 
metal  contains  75  to  80  per  cent,  of  copper  and  20  to  25  per  cent,  of  tin  ;  it  also  sometimes 
contains  traces  of  Zn  and  Pb.  It  has  a  greyish-yellow  colour,  is  easily  melted,  has  a  fine 
granular  structure,  is  hard,  brittle,  and  very  sonorous.  It  costs  £100  to  £112  per  ton. 
(7unmeto2  contains  89  to  91  per  cent,  of  Gu,  9  to  11  per  cent,  of  Sn,  and  sometimes  1  to  1-5  per 
cent,  of  Zn.  Phosjjhor-bronze  is  obtained  from  ordinary  bronze  by  the  addition  of  0-5  to 
0-8  per  cent,  of  phosphorus  (in  rare  instances  and  for  special  purposes  up  to  3  per  cent,  of 
phosphorus,  which  is  added  in  the  form  of  an  aUoy  of  phosphorus  and  copper  or  phosphorus 
and  zinc) ;  phosphor-bronze  is  harder  than  ordinary  bronze  and  is  suitable  for  objects 
whicli  are  exposed  to  tension,  for  example,  the  wires  in  electric  conduits,  &c.  The  phos- 
phorus combines  with  the  oxygen  contained  in  the  metal.  When  it  contains  less  than 
0-5  per  cent,  of  P  it  costs  £96  to  £110  per  ton,  but  when  it  contains  3  per  cent,  it  may 
even  cost  £140.  Statuary  bronze  contains  up  to  5  per  cent,  of  zinc  and  2  per  cent,  of  lead. 
It  can  be  worked  with  the  chisel,  and  is  suitable  for  artistic  objects^  because  when  cast  it 
readily  Aproduces  every  detail  and  has  the  property  of  readily  becoming  covered  with  a 
greenish  layer  which  renders  it  similar  to  antique  bronze.  Oerman  silver,  pakfong,  or 
pinchbeck  is  an  alloy  of  Cu,  Zn,  and  Ni  in  varying  proportions  (for  example,  60  per  cent, 
of  Cu  -I-  24  per  cent,  of  Zn  -I-  16  per  cent,  of  Ni),  and  according  to  the  varieties  manu- 
factured by  the  firm  of  Krupp  it  is  considered  to  be  of  first  quality  when  it  contains  about 
17  per  cent,  of  Ni,  of  second  quality  with  12  per  cent.,  of  third  quality  with  8  per  cent., 
and  of  fourth  quality  with  less  than  5  per  cent.  It  has  an  almost  silvery-white  colour, 
and  is  harder  and  more  resistant  to  chemical  reagents  than  bronze.  Objects  made  of  this 
aUoy  and  coated  with  silver  are  called  silver  plate,  Silico-brofize  contains  small  and 
varying  quantities  of  silicon,  which  acts  in  a  similar  manner  to  phosphorus  and  renders 
the  coefficient  of  expansion  of  the  metal  smaller,  although  it  still  remains  a  good  conductor 
of  electricity,  so  that  it  is  very  suitable  for  the  production  of  telegraph  and  telephone 
wires.  Manganese  bronze  contains  up  to  30  per  cent,  of  Mn,  which  combines  with  oxygen  in 
a  similar  manner  to  phosphorus  and  may  replace  a  considerable  portion  of  the  tin.  It  is 
very  hard  and  tenacious  and  is  well  suited  for  the  construction  of  the  screws  of  vessels. 
There  are  also  bronzes  containing  aluminium,  tungsten,  &c. 

STATISTICS  AND  PRICES.  The  production  of  copper  and  its  price  at  various 
periods  and  in  various  countries  are  shown  in  the  Table  on  the  next  page. 

In  1905  Peru,  Cape  Colony,  Norway,  Bolivia,  Austria,  &c.,  also  contributed  to  the 
total  production.    200,000  tons  are  refined  electrolytically  in  the  United  States. 

The  consimiption  of  copper  in  the  United  States  in  1903  was  190,000  tons  and  in 
Germany  in  1908  188,000  tons.  In  1903  it  was  108,000  tons  in  England,  50,000  tons  in 
France,  19,000  tons  in  Austria-Hungary,  and  18,000  tons  in  Russia.  Germany  imported 
154,700  tons  of  copper  in  1909. 

Prices  are  referred  to  the  "  Lake  "  brand  of  copper  valued  at  New  York,  which  is  higher 
than  that  of  Mansfeld,  but  the  variations  are  all  almost  always  due  to  financial  speculation. 
In  1906-1907  the  price  rose  to  £108  per  ton,  but  dining  the  American  crisis  in  1907  it  fell 
in  a  few  months  to  £66.  Of  the  11,900  tons  of  copper  and  its  alloys  produced  in  Italy 
the  objects  produced  with  materials  imported  from  abroad  are  included,  whilst  the  copper 
actually  produced  in  Italian  mines  was  3250  tons  in  1905.  Of  copper  and  alloys  of  copper 
Italy  produced  16,460  tons  in  1906, 17,490  tons  in  1907,  and  18,280  tons  in  1908  of  the  value 
of  £1 ,620,000.  In  1 904  Italy  imported  about  1 1 ,500  tons  of  crude  copper,  brass,  and  bronze, 
without  including  2350  tons  of  sheets,  bars,  tubes,  and  wire.  In  1905  Italy  imported 
16,914  tons,  in  1907  22,071  tons,  and  in  1908  19,622  tons  of  the  value  of  £1,690,000,  and 
in  1909  about  22,000  tons. 
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PRODUCTION  OF  COPPER  IN  TONS 


1850 

1880 

1890 

1900 

1905 

1908 

Germany  . 

1,950 

14,250 

24,427 

30,930 

31,700 

30,000 

France 

1,925 

3,360 

2,300 

6,450 

? 

England    . 

15,420 

3,720 

940 

770 

500 

— 

Russia 

— 

3,200 

5,720 

8,130 

10,000 

Spain    and  Por- 

tugal 

23,670 

64,370 

53,720 

49,000 

United  States  of 

America 

914 

27,430 

117,820 

272,500 

421,000 

440,000 

Chili 

6,000 

32,540 

24,290 

20,340 

32,600 

Australia   . 

2,580 

8,650 

6,225 

10,500 

30,000 

Japan 

4,500 

18,260 

25,700 

37,600 

— 

Italy  (copper  and 

alloys)    . 

— 

300? 

6,400 

9,600 

11,900 

18,280 

Canada 

— 

2,730 

9,000 

21,000 

Mexico 

^-■~ 

5,000? 

33,000 

66,000 

' '  ' 

Total  world's  pro- 

• 

duction  . 

57,000 

156,000 

280,000 

490,000 

721,660 

734,545 

Price  per  ton  in 

' 

pounds  sterling 

£96 

£88 

£69-6 

£73-6 

Variable 

£66 

CUPROUS  COMPOUNDS 

CUPROUS  OXIDE  :  CU2O.  This  is  found  in  nature  as  cuprite  in  red  regular  octahedra, 
and  is  obtained  by  reducing  copper  salts  in  the  heat,  whilst  in  the  cold  yellow  cuprous 
hydroxide,  Cu2(0H)2,  is  formed.  Thus  cuprous  oxide  may  be  produced  with  an  alkaline 
solution  of  grape  sugar,  which  contains  an  aldehydic  reducing  group,  or  with  arsenious 
acid.  It  is  a  red  substance  of  sp.  gr.  6*36,  which  is  not  attacked  by  the  air  in  the  cold. 
It  dissolves  in  ammonia  and  then  acquires  a  blue  colour  in  contact  with  the  air.  In  presence 
of  sulphuric  acid  it  forms  copper  and  copper  sidphate, 

CujO  +  H2SO4  =  Cu  +  CUSO4  -I-  H2O. 

CUPROUS  CHLORIDE  :  CuClorCu2Cl2.  This  compound  is  formed  on  burning  copper 
in  an  atmosphere  of  chlorine  or  on  boiling  a  cupric  chloride  solution  with  copper  and  HCl, 
or  also  by  reducing  a  solution  of  copper  sulphate  in  a  current  of  SO2  in  presence  of 
sodium  chloride.  It  then  separates  as  a  white  powder  on  pouring  the  solution  into 
water,  but  in  contact  with  air  it  acquires  a  green  colour  through  the  formation  of  copper 

OH 

oxychloride  :  Cu<lpj    * 

It  melts  at  430°,  distils  unaltered  at  1000°,  and  has  a  vapour  density  corresponding  to 
the  formula,  CU2CI2.  With  HCl  or  NH3  solutions  a  colourless  solution  is  first  obtained 
which  rapidly  becomes  blue  in  the  air  with  formation  of  cupric  compounds  and  rapidly 
absorbs  carbon  monoxide  with  formation  of  2CuCl  .CO  .2H2O,  which  separates  in  colourless 
crystals. 

Cuprous  Bromide  and  Iodide  are  more  insoluble  in  water  than  the  chloride.  On 
adding  KI  to  a  solution  of  copper  sulphate,  cuprous  iodide  is  formed,  and  half  the  iodine  is 
iberated,  2CUSO4  +  4KI  =  2SO4K2  +  2CuI  +  Ig. 

CUPROUS  CYANIDE  :  Cu.CN.  On  adding  potassium  cyanide  to  a  solution  of  copper 
sulphate,  cuprous  cyanide  is  first  separated,  but  this  immediately  dissolves  in  an  excess 
of  KCN,as  it  is  completely  transformed  into  a  double  salt,  Cu2Cy2*^^Py  (^^^  symbol  Cy 
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represents  the  monovalent  cyanogen  group,  CN).     This  salt  no  longer  shows  any  reaction 
for  copper  as  it  is  dissociated  in  solution  into  the  anion  {(^Cy^)",  and  the  cations,  2K'. 

A  Cuprous  Hydride,  CU2H2,  is  also  known,  and  is  formed  as  a  yellow  powder 
which  then  turns  brown  on  heating  copper  sulphate  solution  with  a  solution  of  hypophos- 
phorouB  add.     It  reacts  with  Hd  according  to  the  following  equation  : 

CU2H2  +  2Ha  «  CugClg  +  2H2. 

CUPROUS  SULPHIDE :  CU2S.  This  compound  is  found  in  nature  as  chalcoaine  in 
trimetric  crystals,  and  is  formed  on  burning  copper  in  sulphur  vapour  or  on  heating  cupric 
sulphide  in  a  current  of  hydrogen. 

CUPRIC  COMPOUNDS 

COPPER  OXIDE,  CUPRIC  OXIDE  :  CuO.  This  oxide  is  a  black  powder 
which  is  obtained  by  heating  copper  strongly  in  the  air,  or  by  heating  the 
hydroxide,  carbonate,  or  preferably  the  nitrate  of  copper,  to  redness.  When 
heated  it  readily  gives  off  oxygen  to  organic  matter  when  in  contact  with  it, 
burning  it  completely  and  being  reduced  to  metallic  copper,  the  carbon  of  the 
organic  matter  being  converted  into  CO2  and  its  hydrogen  into  HgO.  For  this 
reason  it  is  used  in  the  analyisis  of  almost  all  organic  substances.  The  crude 
product  costs  £90  per  ton,  when  pure  £150,  and  when  pure  for  analysis  5«.  7d, 
per  kilo.     Italy  produced  10*5  tons  in  1908  of  the  value  of  £336. 

COPPER  HYDROXIDE  :  Cu(0H)2.  On  treating  the  solution  of  a  copper  salt  with 
NaOH,  a  voluminous  bluish-green  precipitate  of  Cu(0H)2  is  formed  which  becomes  brown 
and  finally  black  on  heating,  as  it  is  transformed  into  CuO.  Its  solution  in  NH3  is  intensely 
blue  and  has  the  property  of  dissolving  cellulose.  It  is  called  Schweitzer^ a  reagent,  Cu( 0H)2 
only  dissolves  in  NaOH  in  presence  of  certain  organic  substances,  such  as  tartaric  acid, 
sugar,  &c.     It  costs  a  Uttle  more  than  the  oxide. 

CUPRIC  CHLORIDE :  CuCls.  This  compound  is  formed  on  dissolving  copper  car- 
bonate or  oxide  in  Hd.  It  crystallises  from  water  in  greenish  needles  with  2H2O,  whilst 
when  anhydrous  it  has  a  yellowish-brown  colour  and  melts  at  60°,  being  then  transformed 
into  CU2C32  +C92-  It  is  also  soluble  in  alcohol.  The  concentrated  aqueous  solution  is 
green  because  it  is  only  slightly  dissociated,  whilst  on  diluting  with  much  water  it  becomes 
blue  because  of  the  presence  of  blue  Cu"  ions,  whilst  the  undissociated  CUCI2  molecules 
are  yellowish-brown,  which  explains  the  green  colour  of  the  concentrated  solution,  which 
consists  of  a  mixture  of  non-dissociated  CUCI2  and  Cu".  This  latter  ion  is  always  blue  in 
all  cupric  compounds. 

It  forms  well-crystallised  double  salts  with  HCl  and  NH4CI. 

Cupric  Bromide  is  similar  to  the  chloride.  Cupric  iodide  is  not  known 
because  it  dissociates  into  I2  +  OU2I2  as  soon  as  it  is  formed. 

COPPER  NITRATE  :  Cu(N03)2.  I*  is  prepared  by  dissolving  Cu  or  CuO  in  nitric 
acid.  It  is  very  soluble  in  water  and  forms  bright  blue  crystals  with  4  or  6H2O.  It  is  also 
soluble  in  alcohol  and  forms  CuO  on  heating  to  redness. 

BASIC  COPPER  CARBONATE.  The  neutral  carbonate  is  not  known,  but  the 
basic  carbonate  exists  in  two  forms  lis  minerals,  Malachite,  CuC03.Cu(OH)2.iH20, 
and^2ttffte,  2CuC08.Cu(OH)2. 

COPPER  SULPHATE,  BLUE  VITRIOL :  CUSO4.  This  is  the  most 
widely  used  copper  salt.  It  is  very  stable  and  is  obtained  by  dissolving  copper 
and  many  copper  minerals  in  hot,  dilute  sulphuric  acid  in  contact  with  the  air. 
It  is  necessary,  however,  to  remember  that  except  in  the  presence  of  much 
air  copper  reacts  scarcely  or  not  at  all  with  sulphuric  acid  (see  p.  419),  and  it 
is  therefore  preferable  in  such  cases  to  start  from  copper  oxide.  For  preparing 
the  sulphate  industrially  a  lead  tower  is  sometimes  used,  filled  with  copper  turn- 
ings down  which  a  spray  of  dilute  sulphuric  acid  descends  which  is  discharged 
at  the  base  and  repeatedly  pumped  to  the  top  of  the  tower.  When  the  reaction 
between  the  acid  and  the  copper  first  starts,  heat  is  produced  which  causes  a 
strong  current  of  air  to  be  drawn  in  through  an  aperture  at  the  base  of  the  tower. 
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This  becomes  heated  and  escapes  at  the  top  after  having  oxidised  the  copper 
and  thus  facilitated  its  transformation  into  sulphate.  The  sulphate  is  also 
prepared  by  lightly  roasting  copper  sulphide  in  the  air  and  then  extracting 
the  resulting  copper  sulphate  with  water  from  which  it  crystallises  in  blue 
triclinic  crystals  containing  SHgO.  This  is  the  ordinary  bltic  vitriol,  which 
effloresces  superficially  in  the  air  because  it  loses  a  little  water.  At  100°  it 
loses  4H2O,  but  only  loses  the  final  molecule  of  water  at  200°,  leaving  a  white 
powder  of  anhydrous  copper  sulphate  which  is  somewhat  hygroscopic,  and  is 
used  for  dehydrating  various  substances,  when  it  regains  its  blue  colour. 
100  parts  of  water  at  20"*  dissolve  42-3  parts  of  CUSO4.6H2O,  and  the 
solution  has  an  acid  reaction  in  common  with  those  of  many  salts  of  heavy 
metals  because  they  are  hydrolytically  dissociated  by  water.  Copper  sulphate 
has  various  practical  applications  and  is  therefore  manufactured  on  a  large  scale 
by  one  of  the  following  industrial  processes. 

CupriferoTis  pyrites  is  now  often  used  after  it  has  been  employed  for  the  preparation  of 
SO2  in  snlphuric  acid  manufacture,  and  is  treated  in  the  manner  already  described  for  the 
preparation  of  copper,  that  is,  cementation  copper  is  prepared  from  it  which  is  then  used 
for  the  manuf acttire  of  the  sulphate.  It  is  found  in  practice  that  much  burnt  cupriferous 
pj^rites  cannot  be  extracted  very  easily  with  water  and  H2SO4,  because  at  the  temperature 
of  the  pyrites  burners  (up  to  750°)  the  sulphate  and  sulphide  of  copper  which  are  first 
formed  give  rise  to  the  oxide  and  to  a  regulus  which  renders  it  difficult  to  recover  the  copper 
except  by  the  process  of  chlorination. 

In  order  to  prevent  a  considerable  portion  of  the  copper  sulphate  formed  in  the  pyrites 
burners  from  decomposing  through  the  employment  of  too  high  a  temperature,  it  has  been 
proposed  (Gianoli,  Industria,  1903,  p.  731)  to  mix  the  pyrites  before  roasting  with  about 
10  per  cent,  of  sodium  disulphate  or  sulphate.  The  lixiviation  of  the  burnt  pyrites  is  then 
conducted  in  the  usual  manner  with  water  and  sulphuric  acid,  and  the  copper  is  then  much 
more  completely  extracted.  Copper  is  separated  from  the  solution  by  cementation  with 
iron  [see  above),  ^ 

Cementation  or  granulated  copper  obtained  by  any  method  is  placed  in  lead-lined 
wooden  vats.  Crude  sulphuric  acid  is  added  and  the  whole  is  diluted  with  mother  liquors 
from  a  previous  crystallisation  of  copper  sulphate  until  a  density  of  about  29°  B^.  is 
acquired,  after  which  the  whole  is  heated  to  85°  to  90°.  It  is  necessary  to  aerate  the 
liquid  well  as  otherwise  the  copper  sulphate  which  is  formed  is  partially  transformed 
into  cuprous  sulphate  in  presence  of  free  copper,  and  it  is  necessary  to  oxidise  this  with 
air  in  order  to  again  transform  it  into  cupric  sulphate.  The  injection  of  air  and  the  necessary 
heating  can  be  simultaneously  obtained  by  employing  a  steam  injector.  In  certain  cases 
it  is  convenient  to  heat  and  oxidise  the  cementation  copper  by  spreading  it  out  in  a 
reverberatory  furnace,  carefully  regulating  the  temperattire  and  the  current  of  air  and 
stirring  the  material  so  that  the  copper  is  almost  entirely  converted  into  the  black  oxide. 
This  then  forms  copper  sulphate  on  simple  solution  in  sulphuric  acid  The  aqueous 
solution  of  the  sulphate  is  concentrated  in  large  shallow  leaden  pans  (3  x  3  x  0*55 
metres),  which  rest  on  iron  plates  under  which  the  hot  gases  from  a  furnace  circulate  in 
flues.  After  a  certain  concentration  has  been  acquired,  crude  copper  sulphate  separates 
abundantly  on  cooling.  This  is  then  redissolved  in  mother  liquors  obtained  from  pure 
copper  sulphate  and  previously  diluted  with  water  to  14°  to  15°  B6. ;  a  solution  of  crude 
copper  sulphate  of  a  concentration  of  26°  B6.  when  hot  is  thus  obtained.  If  a  more  con- 
centrated or  saturated  solution  were  employed  very  small  and  impure  crystals  would  be 
obtained.  The  liquid  is  then  heated  until  it  is  completely  clarified  and  the  solution  is 
thus  slightly  concentrated.  It  is  then  poured  into  the  crystallising  boxes  which  are  lined 
with  lead  (3  metres  x  1*6  metres  x  1  metre  deep).  According  to  an  American  {Mxjcess 
which  has  also  been  applied  in  certain  Italian  works  (Itifredi)  the  copper  is  heated  to  ib$ 
melting-point  and  then  poured  in  a  thin  stream  into  water  in  order  to  enable  it  to  be 
easily  oxidised  and  attacked  by  the  sulphuric  acid.  Small,  thin,  hollow  spheres  are  thus 
obtained  (although  it  is  necessary  to  employ  very  pure  copper  in  order  that  this  should 
occur)  which  are  placed  in  a  cylinder  some  metres  high,  down  which  a  spray  of  sulphuric 
acid  of  28°  B6.  is  then  poured  from  above,  whilst  a  current  of  air  ascendis  from  below. 
When  the  liquid  reaches  the  base  it  consists  of  a  hot  saturated  solution  of  copper  sulphate, 
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ready  for  crystallisation.  The  mother  liquors  from  this  crystallisation  are  again  pumped 
to  the  top  of  the  cylinder  which  is  always  kept  filled  with  new  copper  spheres,  and  is  always 
fed  with  sulphuric  acid  in  such  a  manner  as  to  obtain  a  solution  of  copper  sulphate  of 
constant  concentration.  When  pure  copper  is  being  treated,  the  mother  liquors  may  be 
continuously  reutilised.  The  crystallisation  lasts  from  8  to  12  days,  and  occurs  on  the 
walls  and  floor  or  on  leaden  strips  which  are  introduced  into  the  solution.  The  crystals 
form  best  if  the  liquid  contains  a  little  free  sulphuric  acid,  and  this  amount  is  regulated  by 
the  workmen  themselves,  who  mix  a  given  volume  in  a  test-tube  with  a  very  dilute  solution 
of  alkali  of  fixed  strength  until  neutralisation  occurs,  when  a  precipitate  of  copper 
hydroxide  just  commences  to  be  formed.  By  making  two  tests  with  varying  quantities 
of  alkali,  the  workmen  easily  control  the  limit  of  acidity.  In  some  places  the  crystals 
are  separated  from  the  mother  liquor  in  a  hydro-extractor,  but  many  of  the  crystals  are 
thus  broken  and  lose  their  commercial  value.  They  are  therefore  usually  spread  on  trays 
with  raised  rims  and  allowed  to  dry  in  the  air  in  large  chambers  which  are  well  ventilated 
in  summer  or  gently  heated  in  winter  (to  25°  to  30°).  Into  these  drying  chambers  much 
light  should  not  be  skdmitted  and  care  must  be  taken  that  the  crystals  are  not  dried  too  much 
or  they  lose  their  clearness.  One  kilo  of  copper  theoretically  produces  3-934  kilos  of 
CuS04.5H20.  The  mother  liquors  are  used  in  the  treatment  of  the  raw  material  as  was 
explained  above. 

According  to  Gin's  process  (International  Congress  of  Applied  Chemistry  at  Berlin, 
1903)  copper  sulphate  can  be  profitably  prepared  by  lightly  roasting  ores  containing  copper 
and  iron  in  such  a  way  that  a  large  portion  of  these  metals  is  obtained  in  the  form  of  sulphates. 
These  are  then  extracted  with  water  and  a  current  of  SO2  passed  into  the  solution  to  reduce 
the  ferric  sidphate  to  ferrous  sulphate.  The  whole  is  then  heated  in  autoclaves  to  180°. 
At  this  temperature  the  ferrous  sulphate  separates  from  solution,  whilst  copper  sulphate 
remains  dissolved  and  is  easily  separated  from  the  iron  by  straining  or  centrifugating. 
According  to  U.S.  Pat.  876,012  of  1907  biuTit  pyrites  is  treated  with  dilute  sulphuric  add 
and  2  to  6  per  cent,  of  calcium  hypochlorite  ;  the  whole  is  then  heated  to  70°  to  80°  for 
12  to  24  hours,  in  which  manner  the  copper  only  is  dissolved  and  not  the  iron. 


APPLICATIONS  AND  STATISTICS.  Copper  sulphate  is  used  for  copper- 
plating,  in  dyeing  and  printing,  in  the  manufacture  of  pigments  containing 
copper  powder,  for  preserving  wood  and  hides,  and  in  considerable  quantities 
in  wine  culture  as  a  remedy  for  peronospora.  The  price  varies  with  the  price  of 
copper  and  was  about  £20  per  ton  in  1904,  then  rose  to  £26  in  1906-1907,  and 
dropped  after  1907  to  below  £18  per  ton,  rising  again  to  £20  per  ton  in 
1910. 

The  production  and  imports  of  copper  sulphate  for  Italy  are  given  in  the 
following  Table  : 


Production 

Imports 

in  toDa 

£ 

in  tons 

1893      . 

900 

— 

— 

1896      . 

4,756 

86,934      . 

— 

1900 

13,191-4     . 

346,960      . 

31,000 

1905      . 

26,212 

663,660      . 

30,684 

1906      . 

34,270 

926,840      . 

26,030 

1907      . 

46,263-6     . 

.     1,174,680      . 

16,974 

1908      . 

.      42,600 

936,120      . 

25,031-5 

1909      . 

,           —          , 

,          ^—           , 

9.040 

In  1906  Italy  exported  102-1  tons  and  in  1908  612-9  tons  of  copper 
sulphate. 

In  1904  the  production  of  copper  sulphate  in  the  United  States  was  30,000 
tons  and  it  is  estimated  that  in  1900  the  world's  production  was  a  little  more 
than  100,000  tons.  Germany  produced  6984-4  tons  of  copper  sulphate  in  1905 
and  imported  2200  tons  in  the  same  year,  whilst  in  1908  it  imported  5080  tons 
and  in  1909  6550  tons.    In  1909  England  exported  45,000  tons. 


552  INORGANIC    CHiEMlSTRY 

COPPER  SULPHIDE :  CuS.  This  compound  is  obtained  as  a  black  precipitate  on 
passing  a  current  of  H2S  into  a  solution  of  a  copper  salt,  even  in  presence  of  acid.  It  ia 
insoluble  in  water  and  in  dilute  acids.  When  exposed  to  moist  air  it  is  slowly  converted 
into  sulphate  ;  when  heated,  on  the  other  hand,  in  a  current  of  hydrogen  it  is  transformed 
into  cuprous  sulphide.  A  theoretical  explanation  of  the  fact  that  certain  oxides  are  com- 
pletely precipitated  by  H2S  from  acid  solution,  whilst  under  the  same  conditions  others  are 
not  precipitated,  may  be  deduced  from  the  study  of  electrolytic  dissociation.  In  the  case 
of  copper  sulphide  the  reaction  only  occurs  between  the  ions  of  copper  sulphate,  which  is 
almost  completely  dissociated  into  Ca'*  and  SO4'',  and  the  few  free  H*  and  S'^  ions.  The 
copper  sulphide,  CuS,  which  results,  is  very  insoluble  and  is  deposited,  but  as  fast  as  the 
Cu"  and  S''  ions  are  eliminated,  the  equilibriiun  which  first  existed  between  the  H2S  ions 
and  its  imdissociated  molecules  is  disturbed.  A  further  portion  of  the  H28  molecules 
then  dissociates  into  the  corresponding  ions  and  these  unite  with  further  Cu"  ions,  forming 
fresh  copper  sulphide  which  separates,  and  the  reaction  thus  continues  imtil  the  copper 
is  completely  precipitated  in  the  form  of  CuS,  so  long  as  the  solution  of  copper  sulphate  is 
sufficiently  dilute  to  permit  of  its  complete  dissociation  :  CuSO^  +  H2S  ^  CuS  +  H2SO4. 
If,  however,  a  strong,  free,  dissociated  acid  is  present,  the  new  H*  ions  will  hinder  the 
ionisation  of  the  H2S  and  then  no  precipitate  of  copper  sulphide  will  be  formed. 

We  may  also  explain  the  laws  which  regulate  the  equilibrium  of  any  given  reaction 
and  the  conditions  under  which  a  precipitate  in  general  can  be  formed  by  certain  general 
considerations.  This  copper  sulphide,  CuS,  which  is  separated  from  solutions  of  CUSO4 
by  £[38,  is  very  slightly  soluble  in  water,  and  its  complete  separation  depends  on  the  following 
circumstances :  The  minimal  quantities  of  CuS  which  dissolve  and  are  dissociated  into 
Cu"  and  S'^  are  in  a  certain  equilibriiun  with  the  precipitated  and  non -dissociated  CuS  : 
Cu"  +  S''  ^=7  CuS  ;  and  according  to  the  mass  law  (p.  66)  we  may  always  represent 
this  equiUbrium  by  a  mathematical  expression,  taking  the  concentration  of  the  ions 
(a  for  Ca"  and  b  for  S")  and  the  concentration  of  the  undissociated  substance  (CuS  «=  c) 
into  account ;  at  a  given  temperature  the  general  formula  will  be  a.b  *=  k.c,  where  k 
is  the  equilibrium  constant  (p.  66)  which  depends  on  the  temperature  only  (the  con- 
centration of  the  sattirated  solution  is  different  at  different  temperatures). 

The  product,  a.b,  which  has  a  definite  value  for  each  saturated  solution,  is  called  the 
aolvbility  product  and  indicates  for  any  given  temperature  the  concentration  limit  which 
must  be  exceeded  in  order  that  a  precipitate  may  commence  to  be  formed,  a.b  is  also 
the  concentration  product,  that  is,  it  represents  the  concentration  of  the  ions  at  a  definite 
temperature.  The  two  products  coincide  in  the  case  of  saturated  solutions,  but  sometimes 
the  concentration  product,  exceeds  the  solubility  product.  This  is  the  case  for  super- 
saturated solutions  in  which,  as  soon  as  the  labile  equilibrium  ceases,  so  much  salt  separates 
that  the  concentration  product  becomes  equal  to  the  solubility  product.  If  in  the  case 
of  a  given  salt  the  concentration  product  is  inferior  to  the  solubility  product,  we  have  an 
unsaturated  solution.  In  the  case  of  slightly  soluble  salts  the  solubility  product  is  very 
small,  whilst  in  the  case  of  very  soluble  salts  it  is  comparatively  large.  In  the  case  of 
precipitates,  these  are  not  able  to  form  and  separate  until  the  product  of  concentration 
of  their  ions  has  reached  the  value  of  the  solubility  product.  When  we  increase  the  number 
of  H*  ions  in  a  solution  of  copper  sulphate  through  which  H2S  is  passing,  by  the  addition  of  a 
strong  mineral  acid,  the  ionisation  of  the  H28  is  lessened,  and  the  concentration  product 
of  the  S''  and  Cu"  ions  becomes  less  than  the  solubility  product,  that  is  to  say,  it  does  not 
reach  the  saturation  limit  and  consequently  no  CuS  precipitate  is  formed.  If  we  now  alter 
the  concentration  of  the  H*  ions  by  considerably  diluting  the  solution  with  water,  then 
as  further  H2S  passes  in,  its  ionisation  and  the  concentration  of  the  S''  ions  may  reach 
and  exceed  the  value  of  the  solubility  product  and  the  CuS  will  be  precipitated. 

This  precipitate  is  very  insoluble,  that  is,  its  solubility  product  is  very  small,  and  if, 
therefore,  CuS  is  suspended  in  water  acidified  with  a  strong  mineral  acid,  very  little  CuS 
will  pass  into  solution  because  very  few  Cu"  and  S"  ions  suffice  to  attain  the  value  of  their 
solubility  product  which  is  minimal,  and  then  no  further  traces  of  CuS  will  pass  into  solution. 
If,  on  the  other  hand,  we  are  dealing  with  a  metallic  sulphide  which  is  more  soluble  than  that 
of  copper,  such,  for  instance,  as  ferrous  sulphide,  or  to  a  still  greater  extent  zinc  sulphide, 
the  solubility  product  will  alwayB  be  higher  than  the  concentration  product  because 
H2S  is  always  only  slightly  dissociated,  and  thus  these  sulphides  dissolve  in  mineral  adds 
and  are  not  precipitated  in  presence  of  sulphuric  acid.     These  sulphides  however  can  be 
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precipitated  by  employing  precipitating  agents  which  do  not  contain  H'  ions,  whicn 
would  cause  the  solution  of  the  sulphide,  and  of  these  ammonium  sulphide  is  very  suitable : 

ZnSO*  +  (NH^jgS  =  S04(NH4)2  +  ZnS. 

In  the  case  of  metals  which  give  sulphides  which  are  still  more  soluble  than  zinc  sidphide, 
it  is  not  possible  to  precipitate  them  with  H2S  or  even  with  (NH4)2S.  The  sulphides  of 
the  alkali  and  alkaline  earth  metfJs  come  under  this  category. 

GENERAL  REACTIONS  OF  COPPER  COMPOUNDS 

Ck)pper  salts,  excepting  the  sulphides,  when  treated  with  ammonia  fiist 
form  a  hydroxide  which  then  immediately  dissolves  in  excess  of  ammonia, 
producing  an  intensely  blue  solution  which  on  evaporation  separates  crystals 
which,  have  a  constitution  similar  to  double  or  basic  salts  such  as 
CuSO4.4NH3.H2O,  which  forms  CUSO4.2NH8  at  150°.  These  salts  contain 
complex  ions  and  therefore  only  show  a  few  of  the  general  reactions  for  copper. 
Thus  they  are  precipitated  by  HjS  but  not  by  KOH.  Volatile  copper  com- 
pounds colour  the  flame  blue  or  green.  The  blue  ammoniacal  solutions  are 
decolorised  by  addition  of  potassium  cyanide,  as  compounds  are  obtained 
which  no  longer  contain  the  Cu"  ion.  With  potassium  ferrocyanide  (see 
Iron),  cupric  salts  give  a  reddish-brown  coloration  or  precipitate  of  copper 
ferrocyanide. 

On  immersing  a  bright  strip  of  iron  in  a  solution  of  a  copper  salt  it 
immediately  becomes  covered  by  a  layer  of  metallic  copper. 

SILVER :  Ag,  107.88 

Silver  is  a  metal  which  has  been  known  since  remote  antiquity,  as  it  is  often 
found  free  in  nature. 

The  principal  minerals  from  which  it  is  extracted  are  ArgentUey  Ag2S, 
PyrargyriU,  3A^S. 81)283,  Strohmeyerite,  CugS.  AggS,  and  Horn  Silver,  AgCl. 

It  often  accompanies  lead  in  galena  in  quantities  sufficiently  large  to 
enable  it  to  be  profitably  extracted.  Argentiferous  galena  ordinarily  contains 
O'Ol  to  0*06  per  cent.,  and  occasionally  1  per  cent,  of  Ag,  and  constitutes  the 
most  important  ore  from  which  silver  is  extracted. 

Silver  ores  abound  in  California,  Mexico,  Chili,  Saxony,  Hungary,  the 
Altai  Mountains,  and  a  little  in  Sardinia 

The  metallurgy  of  silver  is  fairly  varied,  and  according  to  the  local  circum- 
stances silver  is  sometimes  extracted  by  one  method  and  sometimes  by  another. 
In  the  past  amalgamation  processes  were  used,  but  solution  processes  are  now 
gaining  ground.     We  will  concisely  describe  the  more  important  processes. 

(1)  Extraction  by  Lead.  This  is  based  on  the  property  of  lead  and  lead  oxide  of 
moving  silver  from  its  combinations  on  heating.  Whilst  the  other  metals  separate  in 
the  form  of  oxides,  silver  is  not  oxidised  and  remains  dissolved  in  the  molten  lead.  The 
argentiferous  ore  is  mixed  with  lead  (galena  containing  at  least  0*15  per  cent,  of  Ag  is 
treated  as  such),  and  is  melted  in  a  cupel  furnace  (Fig.  234),  which  is  a  reverberatory 
furnace  with  a  circular  brickwork  hearth  lined  with  stamped  calcareous  marl  and  containing 
a  depression  in  the  centre  in  which  the  molten  silver  collects.  The  cupel,  which  may  contain 
as  much  as  40  tons  of  lead,  is  closed  by  a  sheet-iron  cover  which  may  be  raised  and  removed 
and  is  lined  internally  with  clay.  During  smelting  a  current  of  air  is  injected  by  a 
mechanical  blower  and  two  tuydres  which  pass  into  the  cupel ;  oxidation  is  continued 
until  all  the  lead  is  transformed  into  the  molten  oxide  (litharge).  The  cupel  is  heated  by 
a  furnace  at  the  side,  separate  from  the  cupel  itself,  and  in  order  to  discharge  the  molten 
litharge  which  floats  on  the  surface,  there  are  two  lateral  openings,  the  siUs  of  which  can 
be  lowered  so  that  all  the  PbO  can  be  removed  continuously  whatever  may  be  the  level  of 
the  molten  mass. 

Finally  molten  silver  alone  remains,  covered  by  a  thin  layer  of  FbO  which  bursts 
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every  now  and  again  and  atlows  the  shining  surface  of  the  molten  silver  to  be  seen,  ihi? 
phenomenon  being  accompanied  by  iridescent  light. 

A  portion  ot  the  lead  oxide,  together  with  other  impuritiea,  is  absorbed  by  the  porous 
floor  ot  the  cupel.  When  the  shining  silver  surface  appears  the  cupellation  is  finished  and 
the  cooling  of  the  silver  is  accelerated  by  water.  This  final  product  is  still  impure,  contain- 
ing 95  to  98  per  cent,  of  silver,  together  with  other  metals,  which  are  then  separated  by 
refining  in  another  much  smallor  reverberatory  furnace  with  a  porous  floor,  by  the  help 
of  a  strong  air.blast,  which  oxidises  and  separates  all  the  other  oxidisable  met&ls  in  tbr 
form  of  slag,  with  the  addition  if  necessary  of  a  little  marl  or  bone  ash.  When  the  metal 
is  pure  it  is  removed  from  the  furnace  and  may  be  granulated  by  pouring  it  into  water, 
or  it  is  poured  into  moulds  in  order  to  be  cast  into  bars, 

(2)  Another  dry  process  is  that  proposed  by  Pattinsonin  1833,  which  is  well  adapted 
for  the  treatment  of  lead  containing  less  than  0-01  per  cent,  of  Ag.    In  the  same  way  a= 

on  freezing  the  aqueous  Eoln- 
tion  of  a  substance  the  t-olid 
solvent  is  almost  eicluBively 
separated  in  the  form  of  ice. 
so  on  slowly  cooling  a  large 
mass,  even  10  fona  or  niorf, 
of  molten  argentiferous  lewl 
in  a  cast-iron  pan,  octahedral 
crystals  of  lead  separatf? 
which  are  much  less  argen- 
tiferous (liquation).  The  solid 
portions  are  removed  with 
perforated  ladles,  and  th<' 
remaining  liquid  lead  con- 
taining more  silver  is  con- 
tinuoualy  allowed  to  fx>o1,  tLe 
solid  lead  being  removed  as 
fast  OS  it  forms.  An  argen- 
Fia.  234.  titcrouB  lead  containing  1  lo 

2-5   per  cent,  of    Ag  finally 

remains,  whilst  the  separated  portion  does  not  contain  more  than  O-OOI  to  0-003  pt-r 

cent.     The   argentiferous   lead   which   has    thus    been   enriched   is   then   subjected    to 

cupellation  as  described  above. 

When  argentiferous  ores  are  treated  by  PattJnson's  process  it  is  necessary  to  mix  them 

with  much  pure  lead. 

(3)  A  third  dry  process  for  which  pure  lead  is  not  required,  as  in  Pattinaon's  process,  is 
that  proposed  by  Karsten  in  1S41  and  applied  unsuccessfully  by  Parkers  in  1850.  After 
various  improvements  by  Roswag,  Corduri£,  and  others,  the  process  was  succesafuUy 
introduced  industrially.    Itisbasedon  the  fact  that  dnc  has  a  greater  affinity  for  silver  than 

The  argentiferous  lead  under  treatment  is  melted  in  large  cast-iron  pans  of  a  capai-itj 
of  2  tons  or  more  and  heated  to  a  temperature  of  above  460°,  that  is,  a  little  higher  th^m 
the  nielting- point  of  zinc.  About  one- fifth  of  a  ton  of  zinc  is  then  added  in  several  portioni 
and  the  mass  is  kept  mixed  for  a  long  time,  the  impurities  which  collect  at  the  surface  bein^ 
separated. 

The  zinc  combines  with  all  the  silver,  a  little  lead,  and  any  impurities  such  as  copper  and 
gold.  A  dense  scum  then  collects  at  the  surface  and  solidifies  on  slowly  cooling,  floatini; 
on  the  molten  lead  so  that  it  is  easy  to  separate  it  a  little  at  a  time.  The  remaining  lead 
should  not  contain  more  than  0-001  per  cent,  of  silver.  The  argentiferous  zinc  is  thi-o 
treated  in  one  of  two  ways.  It  may  bo  cupelled  in  the  same  wayas  argentiferous  lead,  or 
preferably  it  is  distilled  in  a  graphite  crucible  mixed  with  a  little  carbon  (1  percent.).  Tiv.- 
zinc  which  distils  is  condensed  and  reutilised. 

Schnabel,  on  the  other  hand,  melts  the  zinc  scum  in  a  closed  iron  pan  provided  with  j 
delivery  tube  for  the  gases,  H,  air,  &c.,  and  passes  in  a  jet  of  steam  at  a  pressure  of  f 
atmospheres.  In  this  way  zinc  oxide  and  lead  oxide  ore  formed  and  separate.  Th< 
hydrogen  which  is  evolved  mixes  with  air  and  produces  slight  explosions  now  and  again. 
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All  the  silver  remains  mixed  with  the  lead,  which  is  finally  treated  in  the  cupfellation 
furnace. 

WHT  PROCESSES.  These  comprise  the  Eiu*opean  and  American  amalgamation 
processes  and  the  solution  process. 

(1)  European  Amalgamation  Process.  This  is  based  on  the  fact  that  mercury 
easily  alloys  with  and  dissolves  silver,  and  reacts  with  certain  silver  compounds,  such  as 
AgS2  and  AgO,  forming  amalgams.  The  powdered  ore  is  mixed  with  sodium  chloride 
and  gently  roasted  in  a  reverberatory  furnace,  in  cupola  furnaces  or  in  a  Briickner  rotary 
furnace.  Sulphates  and  oxides  are  formed  and  the  silver  is  converted  into  chloride.  After 
cooling,  the  powdered  mass  is  placed  in  a  revolving  barrel  with  a  little  water  and  lumps  of 
iron,  and  is  kept  in  motion  for  some  hours. 

The  silver  chloride  which  was  dissolved  in  the  sodium  chloride  is  decomposed  by  the 
iron  :    2Aga  +  Fe  =«  FeClg  +  2Ag. 

The  free  silver  is  amalgamated  by  adding  an  excess  of  mercury  in  the  same  barrel 
and  rotating  it  for  18  to  20  hours.  The  amalgam,  containing  all  the  silver,  is  filtered 
through  sacks  in  order  to  separate  the  excess  of  mercury  and  the  aqueous  solution,  which 
pass  through  the  cloths.  By  applying  a  little  pressure  to  the  cloths,  a  little  further  mercury 
is  pressed  out,  and  the  remaining  amalgam  is  distilled  in  various  ways  in  order  to  separate 
the  mercury,  which  is  easily  volatile,  from  the  less  volatile  silver. 

The  distillation  is  conducted  in  either  cylindrical  or  horizontal  iron  retorts  with  a  delivery 
tube  which  dips  into  a  vessel  of  water  where  the  mercury  vapours  are  condensed.  The 
remaining  silver  is  then  refined  in  any  suitable  manner. 

(2)  American  Amalgamation  Process  (Patio  Process).  This  process  is  especially 
used  in  Mexico.  The  ore  is  finely  powdered  and  is  then  placed  in  large  fiat  heaps 
in  yards  with  an  inclined  pavement,  and  is  sprinkled  with  water  and  salt  (2  to  5  per 
cent.).  An  intimate  mixture  is  obtained  by  causing  men  and  mules  to  trample  on  the 
heaps  for  some  days  and  2  to  3  per  cent,  of  cupriferous  chlorinated  burnt  pyrites  or  roasted 
chaloopyrite  is  then  added.  The  mixing  is  continued  and  finally  the  necessary  quantity 
of  mercury  is  added  to  each  heap,  namely,  6  to  8  kilos  for  each  kilo  of  silver  contained  in 
the  ore. 

The  whole  is  incessantly  mixed  for  40  to  50  days  by  making  horses  trample  over  it 
in  such  a  way  that  complete  amalgamation  is  secured.  The  chalcopyrite  forms  ferrous 
chloride  with  the  sodium  chloride  and  copper,  and  also  sodium  sulphate. 

The  silver  chloride  forms  silver  subchloride  which  remains  dissolved  in  the  excess  of 
sodium  chloride  and  forms  calomel  (HgCl)  and  free  silver  by  interaction  with  the  mercury. 
This  silver  then  dissolves  in  the  mercury  forming  an  amalgam.  The  amalgam  is  separated 
from  many  impurities  with  water  in  revolving  barrels,  and  is  then  filtered  through  sacks, 
after  which  it  is  distilled  as  described  above.  This  process  is  very  lengthy  and  causes 
considerable  loss  of  merciu*y,  as  HgCl,  and  of  silver,  but  it  has  the  advantage  of  not 
requiring  fuel  until  the  amalgam  is  formed,  and  it  is  possible  to  treat  ores  which  cannot  be 
utilised  by  other  methods. 

(3)  Krohncke's  Process.  This  treatment  takes  place  in  revolving  barrels  with  a 
hot  solution  of  cuprous  chloride  and  sodium  chloride.  Silver  and  AgCl  are  so  obtained, 
even  in  presence  of  arsenic  and  antimony  sulphides.  Mercury  is  then  added,  together 
with  zinc  or  lead,  so  that  amalgamation  may  take  place  without  loss  of  mercury  in  the 
form  of  HgCl.  The  process  is  rapid  and  rational  and  is  accompanied  by  a  minimum  of 
losses. 

The  amalgam  which  is  finally  distilled  ordinarily  contains  about  10  per  cent,  of 
silver. 

(4)  Various  Processes.  Francke's  process  is  an  improvement  of  the  American 
process.  The  ore  is  partially  roasted  with  NaCl,  and  the  silver  is  thus  obtained  partly  as 
chloride  and  partly  as  sulphate.  The  silver  is  then  separated  from  solution  by  copper 
plates  and  is  finally  amalgamated.  Another  process  consists  in  treating  minerals  containing 
native  silver  or  much  silver  chloride  or  sulphides  with  a  hot  solution  of  NaCl  in  copper  vats 
furnished  with  copper  stirrers,  and  heated  over  direct  fire.  Cuprous  chloride  is  formed  and 
decomposes  the  silver  sulphide.     The  silver  is  then  amalgamated  with  mercury. 

(5)  Solution  and  Precipitation  Processes,  (a)  Augustin's  process.  This  process 
is  useful  for  pure  sulphides  or  argentiferous  copper  matte,  as  far  as  possible  free  from 
Pb,  Zn,  Sb,  and  As. 
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The  powder^  ore  is  mixed  with  sodium  chloride  and  roasted,  and  is  then  extracted  witL 
a  solution  of  sodium  chloride  in  revolving  barrels  ;  this  dissolves  the  silver  chloride  forming 
a  double  salt.  The  silver  is  first  precipitated  from  the  solution  by  copper  plates  and  the 
copper  is  then  recovered  by  dissolving  it  and  precipitating  it  with  iron. 

Gibbs  modified  this  process  by  precipitating  the  last  portions  of  silver  mixed  with 
cuprous  chloride  fractionally  with  sulphuric  acid  ;  all  the  silver  is  found  in  the  portions 
which  separate  first. 

An  advantageous  simplification  of  Augustin's  process,  espedally  for  the  treatment  of 
fiurgentiferous  alloys  and  rich  ores,  is  that  introduced  by  Ziervogel,  who  roasts  in  the  absence 
of  sodium  chloride  in  such  a  manner  that  silver  sulphate  is  obtained  mixed  with  copper 
sulphate  and  basic  ferric  sulphate.  .This  process  is  not  suitable  when  the  mineral  contains 
Sb  or  As,  because  silver  arsenate  and  antimonate  are  then  formed  during  roasting  and  are 
insoluble  in  water,  being  thus  lost.  Recently  C.  Groldschmidt  has  advantageously  replaced 
the  copper  or  iron  plates  used  to  separate  the  silver  from  the  sulphate  by  cobalt  plates ; 
the  silver  is  at  once  deposited  partly  in  an  amorphous  and  partly  in  a  crystalline 
condition. 

There  are  other  wet  processes  which  use  Sodium  Thiosulphate  (Patera)  or  Calcium 
Thiosulphate  (Kin),  which  very  easily  dissolve  the  silver  chloride  contained  in  ores  -which 
have  been  roasted  with  NaCl.  A  portion  of  the  heterogeneous  chlorides  is,  hoirever. 
first  removed  by  lixiviation  with  water.  The  solution  of  silver  thiosulphate  is  precipitated 
with  sodium  or  calcium  sulphide  and  thus  Na  or  Ca  thiosulphate  is  regenerated,  the  silver 
being  separated  as  sulphide.  By  this  method,  which  has  been  improved  by  Russel. 
any  gold  which  may  be  present  in  the  ore  is  also  separated.  The  silver  sulphide  is 
then  treated  in  the  usual  way  by  the  processes  already  described. 

Crude  copper  matte  or  black  argentiferous  copper  may  also  be  lixiviated  with  dilute 
sulphuric  acid  ;  this  dissolves  all  the  copper,  and  the  argentiferous  residue  is  then  treated 
with  lead  by  the  dry  process. 

Pure  silver  is  obtained  in  the  laboratory  by  dissolving  commercial  silver 
which  always  contains  a  little  copper,  lead,  &;c.,  in  nitric  acid.  Silver  chloride 
is  then  precipitated  with  HCl.  The  chloride  may  be  fused  with  soda,  i^rhen 
silver  remains  :  2AgCl  +  NajCOj  =  2NaCl  +  CO,  +  0  +  2Ag.  Or  it  may  be 
boiled  with  dilute  potassium  hydroxide  and  glucose.  The  silver  which  is 
thus  separated  is  distilled  in  a  crucible  of  quicklime  by  means  of  the  oxy- 
hydrogen  flame. 

PROPERTIES.     Silver  conducts  heat  and  electricity  better  than  any  other 
metal  (Table,  p.  411).    It  has  a  white  lustrous  colour  and  a  specific  gravity  of 
10-4  to  10-6  ;   it  melts  at  962°  and  boils  at  2070°.    When  evaporated  in^the 
oxy-hydrogen  flame,  it^M^s  bluish  vapours.    It  does  not  oxidise  in  the  air, 
either  when  hot  or  coIoIUkI  is  therefore  classed  amongst  the  noble  metals 
(Pt,  Au,  Ag).     When  molten  it  is  able  to  absorb  20  times  its  volume  of 
oxygen  which  it  suddenly  loses  on  cooling  (spitting).    It  crystallises  in  octa- 
hedra,  and  melts  to  a  compact  iaass  if  it  contains  traces  of  Pb  and  Cu.     It  is 
not  attacked  by  weak  acids  in  the  cold,  with  the  exception  of  nitric  acid  which 
dissolves  it  easily.     Hydrochloric  acid  does  not  attack  it  appreciably,  but 
H2SO4  dissolves  it  on  heating.     Silver  soluble  in  water  has  been  obtained 
in  the  form  of  a  colloidal  solution  of  the  metal  only  (p.  105),  or  more  easily 
by  adding  a  solution  of  AgNOs  *o  a  concentrated  solution  of  sodium  silicate 
containing  formaldehyde.    It  forms  a  reddish-brown  solution,  though  other 
colorations    are  .obtained    by    other   methods   (see   Gold).     It   is    oxidised 
by  ozone  in  the  cold  and  is  blackened  by  HjS.     Silver  is  a  relatively  soft 
metal,  and  for  practical  purposes  it  is,  therefore,  alloyed  with  other  metals, 
especially  with   copper,   which  renders   it  harder.     The   fineness    of  silver 
alloys  is  given  in  thousandths,  and  that  of  coinage  is  ^nSn^  (^  Italy),  thai 
is,  it  contains  900  grms.  of  silver  and  100  of  copper  for  coinage  of  above 
the  value  of  two  lire.     For  coinage  of  lower  value,  the  fineness  is  iVWV  (i^ 
Italy).     Silver  articles  ordinarily  have  a  fineness  of  750,     The  addition  of  ven* 
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small  quantities  of  zinc  or  cadmium  tends  to  the  production  of  alloys  free  from 
blow-holes  and  irregularities.  Alloys  containing  much  copper — 50  per  cent. — 
can  be  rendered  white  by  the  addition  of  Al  or  Ni. 

Much  silver  is  used  for  silver-plating  other  metals  or  alloys,  by  using  the 
object  to  be  plated  as  a  cathode  and  a  silver  plate  as  anode,  the  bath  being 
formed  of  a  solution  of  silver  cyanide  in  an  excess  of  potassium  cyanide.  The 
dissolved  double  salt,  AgCN.CNK,  is  dissociated,  forming  Ag(CN)2'  and  K'. 
The  K'  acts  on  the  double  cyanide  and  separates  Ag  ;  thus 

•       Ag(CN)2K  +  K  =  2KCN  +  Ag. 

STATISTICS  AND  PRICES.  In  1880  the  worid's  production  of  silver  was  2482  tons, 
in  1890  4180  tons,  and  in  1900  5600  tons,  of  which  last  quantity  1855  tons  were  produced 
in  the  United  States  (1650  tons  in  1908),  1175  tons  in  Mexico,  400  tons  in  Germany  (the 
same  quantity  as  in  1905),  290  tons  in  Bolivia,  and  337  tons  in  Australia.  The  price  is 
steadily  fallmg  ;  in  1870  sUver  cost  £9  per  kilo,  in  1890  £6  13«.,  and  in  1903  £3  5^.  Qd.  In 
Italy  33*6  tons  of  silver  were  extracted  in  1899  from  the  argentiferous  galena  of  Sardinia, 
which  is  treated  in  the  works  of  Pertusola  and  Monteponi.  In  1905  the  Italian  production 
was  20*215  tons ;  20*7  tons  were  imported  and  25*95  tons  were  exported  ;  in  1907  the 
production  was  20*5  tons  of  the  value  of  £90,600,  and  the  imports  were  22*45  tons  (36-0  tons 
in  1908  and  43-0  tons  in  1909  of  the  value  of  about  £160,000,  whilst  the  exports  in  1909 
were  34*6  tons,  valued  at  £138,800). 

SILVER  OXIDE :  Ag20.  This  oompoimd  is  obtained  as  a  brownish-green  precipitate 
from  a  solution  of  silver  nitrate  when  treated  with  sodium  or  potassium  hydroxide.  It  is 
slightly  soluble  in  water  to  which  it  imparts  an  alkaline  reaction,  which  leads  one  to  suppose 
that  the  hydroxide  Ag .  OH  may  be  formed  in  the  solution,  and  acts  as  a  strong  base.  This 
hydroxide  has,  however,  not  yet  been  isolated. 

At  250*^  the  oxide  dissociates  into  Ag2  +  0,  and  is  reduced  to  metalHc  silver  by  hydrogen 
at  100°.  The  freshly  precipitated  oxide  dissolves  in  ammonia,  and  its  solution  on  evapora- 
tion leaves  black  crystals  of  Ag20.2NH3,  which  when  dry  explode  with  a  minimum  amoimt 
of  friction. 

SILVER  SUBOXIDE :  Ag^O,  and  SILVER  PEROXIDE  :  Ag^O,.  The  first  com- 
pound  is  very  unstable  and  the  second  is  obtained  from  silver  or  silver  oxide  in  contact 
with  ozone.     It  forms  black  crystals  which  yield  oxygen  and  silver  oxide  at  100°. 

SILVER  CHLORIDE  :  AgCI.  This  compound  is  found  ready  formed  in 
nature  as  horn  silver  and  may  be  obtained  as  a  white  curdy  mass  by  precipitating 
a  soluble  silver  salt  with  HCl  or  with  a  soluble  chloride  such  as  NaCl.  It  blackens 
in  the  light.  It  is  very  insoluble  in  water  (1  :  716,000  at  14°),  but  is  easily 
soluble  in  ammonia,  potassium  cyanide  and  sodium  thiosulphate  solutions, 
forming  various  complex  ions.  It  is  insoluble  in  dilute  acids,  but  dissolves 
in  fuming  HCl  and  in  a  concentrated  solution  of  NaCl  {see  Processes  of  Silver 
Extraction). 

It  melts  easily,  forming  homy  masses  on  solidification.  It  is  transformed 
by  HI  into  Agl. 

SILVER  BROMIDE  :  AgBr.  It  is  formed  in  an  analogous  manner  to  the  chloride, 
and  has  a  pale  yellow  colour.  It  is  soluble  in  sodium  thiosulphate  and  slightly  soluble  in 
ammonia.     l£|kmflAgI  with  HI.     It  blackens  in  the  light  more  ri4)idly  than  the  chloride. 

SILVER  ^^^B^  *  Agl.  This  has  a  more  marked  yellow  colour  than  the  bromide, 
and  is  obtained  rmer  the  same  co^ition  as  the  chloride  and  bromide,  but  blackens  more 
easily  in  the  light  when  it  contaii^H^^s  of  impurities,  such  as  silver  nitrate,  tannin,  &c. 
It  is  insoluble  in  ammonia  and  di^^Bi^n  HI  forming  crystalline  Agl. HI. 

It  is  transformed  by  bromine  HRlorine  into  AgBr  or  AgCl  as  might  be  foreseen  from 
its  heat  of  formation. 

SILVER  FLUORIDE :  AgF.  This  compound  is  readily  soluble  in  water  and  has  been 
proposed  as  an  energetic  antiseptic  by  Fatemo  and  Cingolani,  who  placed  it  on  the  market 
imder  the  name  of  taehiolo.  They  proposed  it  for  the  sterilisation  of  water,  but  the  favour- 
able results  obtained  by  them  were  contested  by  others  {see  Water,  p.  216).  Lo  Monaco 
recommended  its  use  for  disinfecting  the  mulberry  leaves  in  order  to  prevent  certain  diseases 
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of  the  silkworm.  The  results  obtained  wey e,  however,  not  decisive.  According  to  observa- 
tions made  by  G.  de  Rossi,  silver  nitrate  is  as  sufficient  an  antiseptic  as  the  fluoride.  Patemo 
and  Cingolani  stated  ( 1 907 )  that  whilst  the  nitrate  sterilises  water  at  a  dilution  of  1  :  200,000, 
the  fluoride  sterilises  it  more  persistently  even  at  a  dilution  of  1  :  400,000. 

SILVER  NITRATE :  AgNO,  (Lunar  Caustic).  This  substance  is  easily 
obtained  by  dissolving  commercial  silver  in  dilute  nitric  acid  and  then  evapo- 
rating. In  order  to  eliminate  the  copper  nitrate  present  as  an  impurity,  the 
mass  is  melted  and  heated  to  a  dull  red  heat  in  order  to  separate  the  copper 
in  the  form  of  oxide  insoluble  in  water.  It  is  obtained^  crystallised  from  an 
aqueous  solution  in  rhombic  tablets,  isomorphous  with  KNO3  >  ^^  melts  at 
118°,  and  when  soUdified  in  the  form  of  sticks  forms  lunar  cauatiCy  vrhioh.  is 
used  in  medicine  as  an  energetic  caustic  for  wounds  and  sores.  It  is  very 
soluble  in  water  and  shows  neutral  reaction.  It  also  dissolves  in  alcohol,  and 
is  poisonous.     When  pure  it  is  not  discoloured  by  light. 

It  is  used  in  photography,  in  medicine,  for  silvering  mirrors,  &c.  The 
price  varies  somewhat.  The  crystalline  product  costs  £2  12«.  to  £2 16».  per  kilo, 
and  when  fused  in  sticks  £3  per  kilo.  Italy  imported  6326  kilos  in  190*). 
3358  kilos  in  1907,  2216  kilos  in  1908,  and  2990  kilos  in  1909  of  the  value  of 
£7200.     A  considerable  portion  of  the  imports  came  from  Germany. 

SILVER  NITRITE  :  AgN02.  This  compound  is  formed  by  precipitating  a  con- 
centrated solution  of  AgNOs  with  KNO2.  It  crystallises  from  hot  water  in  yelloir 
needles. 

SILVER  SULPHITE :  Ag2S03.  This  is  prepared  as  a  gelatinous  white  precipitate- 
by  adding  sulphurous  acid  to  a  solution  of  silver  nitrate.  It  blackens  in  the  air  and 
decomposes  at  100°  with  formation  of  silver. 

SILVER  SULPHATE :  Ag2S04,is  obtained  by  dissolving  spongy  sUver  in  hot  H2SO4. 
and  evaporating  until  crystallisation  commences. 

The  colourless  crystals  dissolve  in  200  parts  of  water  and  more  easily  in  water  acidified 
with  HNO3  or  H2SO4. 

SILVER  AZIDE  :  AgNs.  Angeli  prepared  this  substance  from  an  aqueous  solution 
of  silver  nitrate  by  the  addition  of  an  aqueous  solution  of  hydrazine  sulphate.  It  is  not 
affected  by  light  and  is  explosive. 

THE  PHOTOGRAPHIC  PROCESS 

It  is  generally  known  that  the  photographic  process  is  based  on  the  alteration  of  certain 
silver  salts  under  the  action  of  luminous  rays,  especially  of  the  violet  and  ultra-violet 
rays.  The  first  photographic  processes  were  the  daguerreotype  process  and  the  wet>plat<- 
collodion  process,  but  these  are  now  of  historic  interest  only.^     To-day  dry-plates  sensitibt-d 

'  History  of  Photogrraphy.  The  true  photographic  process  commenced  to  acquire  practical  impoitance  onlr 
after  the  beautiful  experiments  made  by  Daguerre  in  1838,  following  which  he  succeeded  in  fixing  the  imag^  ui 
objects  and  persons  in  an  easy,  rapid,  and  permanent  manner  by  the  action  of  light.  His  success  and  the  gencnl 
admiration  were  so  great  that  the  French  Government,  on  the  advice  of  the  celebrated  Arago,  offered  Daguerre 
an  annual  pension  of  0000  francs  on  condition  that  he  made  his  discovery  public.  On  August  11>»  18S9,  at  a 
memorable  meeting  of  the  Acad6mie  des  Sciences,  Arago  communicated  in  detail  the  photographic  process  ctf 
Daguerre,  and  the  daguerreotype  process  dates  from  that  time.  The  substance  sensitive  to  the  action  of  l^t 
was  silver  iodide,  which  Daguerre  produced  on  a  silver  plate  by  exposing  it  in  the  dark  to  the  action  of  lodlce 
vapour.  In  the  camera  this  plate  was  rapidly  affected  by  luminous  rays  emitted  by  the  object  to  be  photo-  i 
graphed,  although  the  image  was  not  at  once  visible  on  the  exposed  plate.  On  exposing  this  plate  to  the  actioc 
of  mercury  vapour,  the  mercury  was  deposited  in  extremely  fine  drops  only  on  those  parts  which  had  bees 
influenced  by  the  light,  and  the  image  then  appeared  in  full  detail.  All  that  was  required  in  order  to  fix  the  imace 
and  render  it  stable  in  the  light  was  to  dissolve  the  unaltered  silver  iodide  with  a  solution  of  sodium  thiosulf^nt^'. 

The  essential  difference  between  the  daguerreotype  process  and  those  which  had  preceded  it  consisted  in  tb« 
fact  that  it  was  not  necessary  to  expose  the  sensitive  surface  for  a  long  time  in  order  to  produce  the  image,  bcc 
by  utilising  the  extraordinary  sensitiveness  of  silver  iodide  it  was  produced  in  an  extremely  short  time,  so  that  it 
became  possible  for  the  first  time  to  obtain  a  latent,  invisible  image  even  from  moving  objects,  which  conld  then  be 
fully  developed  in  all  details  by  the  above-mentioned  indirect  process. 

By  the  daguerreotype  process  reproductions  of  Uie  original  photograph  could  not  be  obtained,  but  in  Uie  saxDv  | 
year  (1839)  Talbot  communicated  to  the  Boyal  Society  of  London  a  method  of  obtaining  several  copies  from  om 
transparent  original.  He  superposed  the  negative  plate  on  paper  sensitised  with  chloride  and  silver  nitrate,  acd 
then  on  exposure  to  the  sun  he  obtained  the  positive.  In  this  manner  he  succeeded  in  obtaining  any  number  of 
copies  by  repeating  the  same  operation.  On  this  principle,  Talbot  also  obtained  impressions  directly  in  the  eamcxs 
on  sheete  of  transparent  paper  coated  with  silver  iodide,  then  developing  the  latent  image  with  gallic  acSd  whick 
precipitated  black  silver  at  the  points  influenced  by  the  light.    With  this  negative  Talbot  obtained  the  positive  b; 
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with  gelatine  containing  silver  bromide  are  exclusively  used.  They  are  prepared  as  follows 
in  a  dark  chamber :  A  mixture  of  gelatine  and  silver  nitrate  is  admixed  with  another 
mixture  of  gelatine  and  ammonium  bromide  at  such  concentrations  that  the  gelatine  sets 
on  cooling. 

The  silver  bromide  so  produced  is  so  finely  divided  that  the  solution  only  becomes 
opalescent  and  is  not  very  sensitive  to  Ught,  because  it  is  still  too  transparent.  In  order  to 
render  it  more  sensitive,  this  solution  is  heated  for  a  long  time  so  that  the  silver  bromide 
AggregAtes  into  larger  particles  (Colloidal  Solutions,  p.  102),  thus  rendering  the  mass 
opaque  (mattire).  This  gelatine  is  then  spread  in  thin  layers  on  glass  plates  which  are 
dried  in  the  dark. 

These  are  the  ordinary  photographic  plates  which  are  exposed  in  the  photographic 
camera  and  receive  light  impressions  from  the  illuminated  object,  the  image  of  which  is 
to  be  produced.  Their  sensitiveness  is  twenty  times  greater  than  that  of  the  collodion 
plate,  and  Rayleigh  has  succeeded  in  producing  a  photographic  impression  on  such  plates 
with  an  exposure  of  a  twenty-five-millionth  of  a  second. 

At  the  points  which  are  exposed  to  the  light,  the  silver  bromide  appears  to  be 
instantaneously  transformed  into  silver  subbromide,  AgjBr,  which  is  not  visible,  but 
forms  a  latent  image  which  may  then  be  rendered  visible  by  treating  it  in  a  developing 
bath  containing  a  reducing  solution  of  ferrous  potassium  oxalate,  ikonogen,  hydroquinone, 
&c.,  in  a  chamber  illuminated  by  red  light  which  has  no  action  on  the  sensitised 
gelatine.! 

In  this  way  the  Ag2Br  is  reduced  to  black,  finely  divided,  metallic  silver  which  is 
deposited  more  or  less  abundantly  on  the  plate,  according  to  the  intensity  of  the  luminous 
impression.  It  is  maintained  by  some  that  the  latent  image  is  not  due  to  chemical 
reactions  but  only  to  physical  modifications,  because  the  latent  image  is  obtained  even  at 
temperatures  of  —  252°,  at  which  it  is  difficult  to  imagine  any  such  chemical  action. 

When  the  image  is  well  developed  the  plate  is  immersed  in  a  bath  of  sodium  thiosulphate 

superposing  it  on  a  sheet  of  sensitified  paper  and  exposing  to  the  sun.  After  developing  the  new  exposed  sheet 
with  gallic  acid  a  positive  was  obtained  in  the  same  manner  as  before,  and  any  number  could  be  obtained  at 
pleasure. 

A  further  important  step  in  the  development  of  photography  occurred  in  1847  when  Niepce,  a  nephew  of 
Daguerre's  first  assistant,  obtained  the  first  sensitive  glass  plate  by  fixing  silver  iodide  on  it  with  a  layer  of  albumen 
which,  however,  very  easily  altered.  Fry  and  Archer  obtained  much  better  results  in  1851  by  coating  the  glass 
plate  with  a  thin  layer  of  collodion  In  which  they  had  previously  dissolved  a  bromide  or  an  iodide.  On  immersing 
these  plates  in  a  bath  of  silver  nitrate  they  obtained  plates  covered  with  an  extremely  sensitive  film  containing 
silver  bromide  or  iodide,  which  after  being  exposed  in  the  camera  and  developed  with  pyrogallic  acid  allowed 
extremely  fine  positives  to  be  obtained  which  were  faithful  images  of  the  object  which  had  been  photographed. 

This  convenient  process  with  the  collodion  plate  rapidly  and  completely  replaced  the  daguerreotypes. 

The  collodion  plate  was  supplanted  in  turn  by  a  still  more  perfect  process  by  which  it  was  not  necessary  to 
prepare  the  plates  a  few  minutes  before  use.  In  place  of  the  wet  collodion  plate,  Bennet  succeeded  in  preparing 
sensitive  dry-plates  coated  with  silver-bromide-gclatine,  which  could  be  kept  for  years,  after  the  fruitless  attempts 
of  Maddox  and  Wortley. 

^  Ferrous  oxalate  dissolved  in  excess  of  potassium  oxalate  or  a  mixture  of  ferrous  sulphate  and  potassium 
oxalate  was  first  used  as  a  developer,  the  bath  being  acidified  slightly  by  preference.  A  more  energetic  alkaline 
developer,  which  had  already  been  used  for  wet-platcs,  was  very  soon  used  for  dry-plates,  namely,an  alkaline  solution 
of  pyrogallic  acid  treated  with  sodium  sulphite.  Later  a  slower  developer  was  advantageously  used  for  over- 
exp<»cd  plates,  namely,  hydroquinone  and  also  its  isomer,  pyrocatechin.  For  instantaneous  n^atives  the  best 
results  are  obtained  with  ikonogen,  which  is  a  very  energetic  developer  consisting  of  the  sodium  salt  of  a-amino- 
^-naphtholsulphonic  acid.  It  would  be  impossible  to  enumerate  all  the  various  developers  which  have  been 
placed  on  the  market  during  the  last  few  years,  such  as  metol,  rhodinal,  <&c.,  which  are  suitable  for  even  the  finest 
work,  but  are  only  used,  like  those  just  mentioned,  in  a  weakly  alkaline  bath. 

Amidol,  on  the  other  hand,  which  is  a  sulphate  of  diaminophenol,  develops  the  plate  in  a  weakly  acid  bath 
in  the  same  way  as  ferrous  oxalate,  and  has  less  action  on  the  gelatine  film  of  the  plate. 

Only  a  few  years  ago  photographic  plates  still  had  a  great  disadvantage,  namely,  that  they  were  not  uniformly 
influenced  by  the  various  colours  of  the  objects  which  were  photographed.  The  silver  halides  which  are  contained 
in  the  gelatine  are  very  sensitive  to  blue  and  violet  light,  that  is,  to  the  more  refractive  rays  of  the  spectrum,  but 
are  almost  unaffected  by  green,  yellow,  or  red  light.  It  thus  happens  that  a  green  or  red  flower  or  ribbon  remains 
darker  in  the  photograph  than  one  of  blue  or  violet  colour.  The  credit  for  having  indicated  a  way  of  obviating 
this  difficulty  as  long  ago  as  1873  belongs  to  H.  W.  Vogel,  who  suggested  the  addition  of  substances  capable  of 
absorbing  red,  yellow,  and  green  rays  (optical  senntiaers)  to  the  silver-bromide-gelatine  emulsion.  At  first  mixtures 
of  nilver  bromide  with  green  or  red  aniline  dyestufls  were  made,  but  to-day  silver  salts  are  directly  prepared  from 
8uch  colours,  especially  from  eosin,  &c.  Orthoehromaiic  plates  are  thus  obtained  which  enable  landscapes  to  be 
more  faithfully  depicted,  and  to-day  still  more  perfect  plates  are  produced  by  Miethe  called  perchromaHc  or  pan- 
chromatic plates  with  ethyl  red  (iodoethylquinaldine-quinoline)  which  are  not  only  sensitive  to  the  green  and 
yellow  rays,  but  also  to  an  equal  extent  to  all  the  rays  of  the  spectrum  including  red.  It  has  thus  become  possible 
to  reproduce  any  i>ainting  with  a  sufficient  truthfulness  of  shade,  which  was  not  possible  in  the  past. 

Among  the  improvements  introduced  into  photography  we  will  also  mention  the  preparation  of  films,  which  are 
celluloid  sheets  covered  with  gelatine-silver-bromide  emulsions  like  the  glass  plates.  The  films  have  the  advantage 
that  they  can  be  produced  in  the  form  of  rolls  which  take  up  little  space  and  are  also  very  much  lighter  than  the 
glass  plates. 


560  INORGANIC    CHEMISTRY 

{fixing  bath)  which  only  dissolves  the  unaltered  silver  bromide,  which  has  not  been  actfd 
upon  by  the  light,  and  the  image  thus  remains  jQ[xed  on  a  plate  of  transparent  glass,  but  wit* 
shading  opposite  to  that  of  the  actual  object,  that  is,  the  luminous  portions  of  the  ob}e<i 
appear  the  darkest  as  they  have  influenced  the  plate  to  the  greatest  extent.  In  this  w&\ 
the  so-called  negative  is  obtained.  Fixation  is  carried  out  in  a  place  illuminated  by  a 
yellow  light. 

In  order  to  obtain  positive  copies  from  the  negative,  that  is,  copies  which  reproduce 
the  object  in  its  true  relations  of  light  and  shade,  the  negative  plate  is  placed  over  a  sheet  c4 
sensitised  paper  prepared  by  an  analogous  method  to  the  plate,  but  with  a  gelatine  which  i* 
less  sensitive  to  light.  On  exposing  the  plate  to  the  light  this  allows  more  or  less  ligh: 
to  'pass  through  its  more  or  less  darkened  parts  and  thus  produces  the  complete  positiyi- 
on  the  paper  in  a  few  minutes  with  shading  corresponding  to  that  of  the  photographed 
object.  This  printed  paper  is  then  treated  in  a  dilute  bath  of  gold  chloride  in  order  to 
obtain  more  intense  and  pleasing  tints.  This  operation  is  called  toning  of  the  positive, 
and  is  due  to  very  fine  blackish  particles  of  gold  which  are  deposited  at  those  parts  of  the 
paper  more  or  less  influenced  by  the  light,  because  the  partially  reduced  silver  salt  act« 
in  turn  as  a  reducing  agent  on  the  gold  salt.  After  toning,  the  positive  is  ^^eated  in  & 
bath  of  sodium  thiosulphate  in  order  to  dissolve  the  silver  salt  which  has  not  been  influence 
by  the  light,  and  the  positive  is  then  said  to  be  fiaed.  In  order  that  the  prints  may  remaEc 
stable  and  unaltered  in  the  air,  it  is  necessary  to  complete  the  operation  by  abundant  and 
prolonged  washing  with  water,  as  otherwise  traces  of  thiosulphate  remain  and  these  slowij 
decompose,  separating  sulphur  and  forming  silver  sulphide  which  has  a  yellow  and  unsatis- 
factory appearance  even  in  thin  layers.  This  disadvantage  is  sometimes  also  caused  h\ 
the  decomposition  of  the  albumen  of  the  paper,  which  also  contains  sulphur. 

The  Platinotype  Process  is  free  from  similar  disadvantages  and  forms  prints 
of  black  shade,  harmonious  and  similar  to  wood-cuts,  and  is  greatly  valued.  Platino- 
tjrpe  paper  is  prepared  with  ferric  oxalate  and  potassium  chloroplatinate.  The  ferric 
oxalate  is  reduced  to  insoluble  ferrous  oxalate  by  the  action  of  light,  and  this  is  then 
able  to  reduce  the  platinum  salt  on  simply  immersing  in  water  or  in  a  solution  of  potassium 
oxalate,  thus  separating  very  fine  black  particles  of  platinum  which  form  and  intensify 
the  shades  of  the  printed  copy.  Simple  washing  in  water  acidified  with  hydrochloric 
acid  then  suffices  in  order  to  obtain  a  suitable  print  without  any  further  fixing,  which  is 
almost  completely  resistant  to  the  action  of  chlorine. 

It  is  thus  clear  in  what  manner  as  many  copies  as  are  desired  may  to-day  be  printed 
from  a  single  negative. 

The  Catatype  Process.  Before  closing  this  very  short  chemical  account  of  the 
origin  and  development  of  photography,  we  must  record  an  interesting  discovery  due  to 
Ostwald  and  Gros  jointly  in  1903,  based  on  purely  theoretical  considerations  on  catalysts^ 
which  has  met  with  practical  success.  In  chemistry  various  reactions  are  known  which 
occur  more  or  less  slowly,  for  instance,  the  action  between  pure  zinc  and  pure  sulphuric 
acid  which  produces  a  minimal  or  almost  zero  quantity  of  hydrogen.  If,  however,  a  drop 
of  platinum  chloride  is  added,  the  development  of  hydrogen  becomes  abundant  and 
tumultuous.  Again,  hydrogen  peroxide  slowly  decomposes,  forming  oxygen  and  lii'ater, 
but  if  a  trace  of  manganese  dioxide  is  added,  oxygen  is  evolved  very  abundantly.  These 
substances,  such  as  platinum  chloride,  finely  divided  platinum,  manganese  dioxide,  &c., 
which  take  no  part  in  the  reaction,  but  notably  accelerate  it  by  their  presence,  are  called 
catalysts  (see  p.  68). 

Ostwald  and  Gros  applied  a  very  simple  catal3rtic  process  to  the  copying  or  printing 
of  photographs  on  paper  without  the  action  of  light,  starting  from  another  photograph. 
It  is  known  that  a  solution  of  pyrogallic  acid  oxidises  slowly  in  presence  of  potassium 
bromate,  forming  reddish-brown  colorations.  If,  however,  a  trace  of  powdered  platinum 
or  silver  is  added,  the  coloration  is  rapidly  produced.  In  the  ordinary  photographic 
positive  the  image  is  formed  by  a  deposit  of  finely  divided  silver  or  platiniun.  If  a  sheet  of 
paper  prepared  with  pyrogallic  acid  and  potassium  bromate  is  brought  into  contact  with 
this  positive  in  the  dark,  then  after  some  time  a  positive  copy  with  reddish-brown  tones  will 
be  obtained.  It  is  clear  that  the  original  positive  used  in  this  way  will  rapidly  lose  it^ 
colour  and  become  quite  useless.  This  objection  can,  however,  be  avoided  by  modifying 
the  process  in  the  following  manner,  which  also  permit?  a  positive  to  be  obtained  from  a 
negative. 
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If  the  negatiye  plate  is  placed  in  an  ethereal  solution  of  hydrogen  peroxide  this  is 
decomposed  at  the  points  of  oontaot  with  the  silver  deposited  on  the  plate  and  water  alone 
remainsy  whilst  at  the  more  or  less  dark  portions  of  the  negative  the  hydrogen  peroxide  still 
remains  unaltered.  If  after  evaporation  of  the  ether  this  negative  is  then  applied  with  slight 
pressnre  to  a  dry  gelatinised  paper,  the  hydrogen  peroxide  brought  on  to  this  sheet  remains 
unaltered,  thus  forming  an  invisible  positive.  If  this  sheet  is  then  immersed  in  a  solution 
of  manganese  chloride  or  sulphate,  a  brown  deposit  of  manganese  dioxide  is  formed  at  those 
points  where  the  hydrogen  peroxide  is  present,  so  that  all  the  shades  of  the  photograph 
are  faithfully  reproduced.  If,  on  the  other  hand,  it  is  placed  in  an  alkaline  solution  of  a 
silver  salt  a  black  deposit  of  silver  will  be  formed  and  other  similar  tints  may  thus  be  produced 
with  other  solutions. 

This  process  of  copying  or  photographic  printing  is  known  by  the  name  of  dataiypyp 
and  it  is  believed  that  it  will  soon  acquire  practical  importance,  especially  for  platinum 
negatives  or  positives  which  have  a  more  marked  catalytic  power  than  those  of  silver. 

During  the  last  few  years,  after  fruitless  or  almost  fruitless  attempts  by 
Ritter,  Wollaston,  Davy,  Becquerel,  Ducos,  Cros,  and  many  others,  a  practical 
method  of  colour  photography  has   acquired  certain  importance,   and   has 
approached  a  practical  solution.    At  first  the  most  varied  chemical  processes 
were  tried  without  much  practical  success,  and  it  was  only  in  1891,  when 
G.  Lippmann,  by  making  use  of  an  interference  process,  succeeded  in  faithfully 
reproducing  all  the  colours  of  the  solar  spectrum  in  a  permanent  manner,  that 
this  branch  of  photography  disclosed  new  and  enormous  horizons.    Lippmann 
solved  the  problem  in  a  very  simple  manner  by  placing  the  film  of  silver  bromide, 
finely  subdivided  in  gelatine,  in  contact  with  a  mercury  surface  in  the  dark 
chamber  of  a  photographic  camera,  and  then  allowing  the  coloured  object  to  act 
on  the  plate.    The  plate  is  developed  in  the  usual  manner,  but  the  photograph 
shows  by  reflection  all  the  colours  of  the  depicted  object./    In  1908  the  firm  of 
Lumiere,  of  Lyons,  simplified  and  improved  colour  photography  with  their 
autochromatic  pkttea,  which  are  coated  with  starch  grains  coloured  red,  green* 
and  blue,  so  that  the  plate  is  only  influenced  by  colours  corresponding  to  those  of 
the  stckTch  grains.    The  red  grains  only  allow  red  light  rays  to  pass  and  retain 
all  the  others  ;  the  same  applies  to  the  green  grains  and  the  green  rays.    Con- 
trary to  what  might  be  supposed,  even  the  most  delicate  intermediate  shades 
are  faithfully  reproduced.    The  Lippmann  process  required  a  long  exposure^ 
whilst  with  the  autochromatic  plate  even  instantaneous  photographs  may  be 
taken,  but  they  cannot  be  reproduced.    They  are  very  suitable  for  projecting 
coloured  pictures  (in  a  lantern). 

Since  1906  catachromic  experiments  have  been  proposed  and  made  hy 
K.  Schinzel  in  which  the  exposed  plate  takes  an  inverse  picture,  and  on  printing 
thus  reproduces  the  original  colours  of  the  object  which  is  photographed. 

^  F.  Oraasl  BomniariBeB  this  intereBtlng  process  of  colour  photography  in  bis  "  History  of  Physics  in  the  Kine- 
t«entli  Century/'  as  follows :  "  Lippmann  uses  a  small  vessel  filled  with  mercury  of  which  one  wall  is  formed  by 
the  sensitised  {date  which  is  placed  with  the  gelatine  film  inwards.  The  vessel  is  then  placed  in  an  ordinary  dark 
slide  in  such  a  manner  that  the  film  is  in  the  normal  position.  The  rays  proceeding  from  the  object,  which  we 
will  auppose,  in  order  to  simplify  the  reasoning,  to  consist  entirely  of  the  red  rays  of  the  solar  spectrum,  pass  through 
the  film  and  encounter  the  surface  of  the  mercury  which  reflects  them  in  the  same  direction  as  the  incident  light. 
Stationary  waves  are  thus  formed  and  the  film  may  be  imagined  as  divided  into  many  layers  parallel  to  the  surface 
of  the  glass,  bounded  by  the  planes  in  which  the  action  of  the  light  is  at  a  mATimnm,  and  where,  consequently, 
the  sensitive  substance  of  Uie  plate  will  be  most  largely  changed.  Between  the  one  plane  and  the  other  there  will 
behalf-way  a  plane  in  which  the  reflected  light  destroys  the  incident  light  and  in  which  the  sensitive  matter  will 
not  have  been  in  the  least  changed,  because  it  has  not  actually  been  exposed  to  Ught.  On  developing  the  piata 
in  the  ordinary  manner  and  fixing  it,  the  film  is  now  formed  of  many  very  thin  layers  each  of  which  wiU  ha^a 
precisely  that  thickness  which,  as  in  certain  portiona  of  a  soap  bubble,  appears  red. 

"  When  a  multi-coloured  object  is  photographed  each  of  these  colours  will  apiwar  at  the  corresponding'point  Id 
the  image  when  it  is  looked  at  by  reflected  light,  as  each  colour  ia  determined  by  the  thickness  of  the  thin  layert 
which  have  been  developed  on  the  gelatine  according  to  the  characteristic  wave  lengths  of  that  particular  coloiir. 
The  method  requires  speotad  precautions  on  account  of  the  varying  velocities  characteristio  for  the  different 
coloora. 

'*.We  may  finally  note  that  these  colour  photographs  are  permanent  because  the  coloration  does  not  depend  on 
chemical  substances,  which  may  become  modified  by  light,  but  on  the  properties  of  thin  plates,  which  properties 
are  permanent  because  they  depend  on  the  thickness  alone.  It  Is  thus  evident  that  Lippmann  photographs  cannot 
undergo  alteration." 

I  36 
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Photography  has  given  rise  to  numerous  new  and  flouriBbuig  industries  which  hare 
ttcqoired  enormous  importance  in  certain  countries.  It  will  suffice  to  note  that  already  in 
1885  the  United  States  consumed  40  tons  of  silver  and  3  tons  of  gold  for  photograpbic 
preparations  alone.  In  1901  Germany  exported  for  photographic  purposes  silver  aaits  to 
the  value  ot  more  than  £48,000,  and  gold  preparations  to  the  value  of  more  than  £120,0**. 
If  TO  include  in  the  photographic  induslries  optical  apparatus  as  well  as  chcmicaU  then 
it  ia  estimated  that  in  1904  the  world's  production  exceeded  £20,000,000  and  that  Ihi^ 
industry  occupied  tens  of  thousands  of  workpeople.  j 

GOLD:    Au,  197.2  \ 

Gold  is  often  accompanied  in  nature  by  silver  (from  1  to  40  per  cent.) 
and  occasionally  by  mercury.  It  is  generally  found  in  the  free  state  in  quartzose 
or  alluvial  rocks  and  in  the  sand  carried  down  by  certain  rivers.    ThuB  we  have 

the  gold-bearing  sands 
of  Tesain  and  of  the 
Adda.  Gold  is  widely 
diffnsed  throughout  the 
earth's  crust,  but  iu  such 
small  quantities  that  it 
only  pays  to  extract 
it  in  regions  where  it 
is  relatively  abundant, 
such  as  the  United 
States,  California. 
Alaska,  Hui^ary,  Tran- 
sylvania, Russia  tUral), 
and  the  Transvaal.  In 
Italy  the  production  is 
minimal  and  the  gold 
is  found  in  grains  imper- 
ceptible to  the  naked 
eye  contained  as  small 
veins  in  quartz  and  in 
auriferous  pyrites  in 
Monte  Bosa,  in  the 
province  of  Novara,  and 
Fjo.  235.  is     extracted     by      an 

English  company  in  the 
Val  Sesia,  Val  Ansaca,  and  Val  Toppa.  A  little  goldJa  -ako  found-in  ther  ¥*l 
d'Aosta  ;  at  Bovisa,  near  Milan,  the  firm  of  Vogel  extracts  gold  from  roasted 
auriferous  pyrites.  Gold  is  rarely  found  in  compact  masses — nuggets — although 
in  Australia  a  nugget  weighing  87  kilos  has  been  found.  The  ore  which  i.- 
treated  in  the  Transvaal  contains  20  grms.  of  gold  per  ton,  and  is  considered 
to  be  a  rich  ore. 

'  *  Gold  was  once  entirely  extracted  by  levigation  of  sand  and  disintegrated  auiiferou^^ 
rocks  ;  the  water  carries  away  the  ^and,  which  is  lighter,  leaving  the  heavier  grains  of  gold 
beliind,  but  in  this  way  much  gold  was  lost,  much  labour  was  required,  and  the  reeultinc 
product  was  impure.  A  great  advantage  was  gained  when  the  disintegration  of  auriferou' 
quartz  rock  by  moans  of  powerful  jets  of  water  at  a  pressure  of  4  to  5  atmospheres  wit' 
thought  of  (Pig.  233) ;  the  rivulet  thus  formed  is  subjected  to  levigation  by passingitalon^' 
inoUned  channels  in  which  the  heavier  particles  of  gold  are  deposited,  whilst  those  of  the 
gangue  are  carried  away  by  the  water.  In  order  to  avoid  losses,  a  little  mercury  is  platiil 
in  these  inclined  channels  lii  order  to  dissolve  and  retain  the  gold.  The  amalgam  is  th<-n 
treated  in  t?ie  manner  described  below.  When  mercury  is  not  used,  the  impure  gold 
residues  are  passed  over  a  magnet  in  order  to  ri^move  any  iron  and  arc  then  fused  with  borax, 
soda,  and  nitre  in  order  to  separate  impurities  in  the  form  of  slag. 
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When  gold-bearing  deposits  do  not  contain  eulphides  (pyrites,  Ac),  or  after  these  have 
been  decomposed  by  roMting,  good  remiiia  ere  obtAined  by  eitiacting  the  gold  by  amal- 
gamation.  In  this  case  the  ore  is  very  completely  crushed  and  is  carried  by  a  stream  of 
water  into  a  rotating  vat  in  continuous  contact  with  mercury  which  dissolves  a  large  portion 
of  the  gold.  In  order  to  recover  the  smaU  quantities  of  gold  which  are  carried  away  with 
the  mineral  pulp  together  with  the  water,  it  is  passed  over  anialgamated  ot  silvered 
copper  plates,  to  which  an  oscillatory  movement  is  imparted.  Now  and  again  these  plates 
are  removed  Mid  the  amalgam  is  distUled  in  the  usual  manner  in  iron  retorts  in  suitable 
furnaces,  when  the  mercury  evaporates  and  the  gold  remains.  In  order  to  avoid  minimal 
iMses,  the  almost  exhausted  pulp  is  afterwards  treated  by  the  cyanide  process  described 

_  In  order  to  amalgamate  the  gold  in  ores  containing  pyrites  and  arsenic,  Rae  has  intro- 
duced with  advantage  electric  amalgamation  (Fig.  236),  which  is  carried  out  in  a  wooden 
vat  into  which  the  auriferous  pulp  is  passed  with  a  current  of  water.  An  infernal  stirrer 
provided  with  perforated  discs,  b,  forms  an  anode  and  is  connected  to  the  dynamo.  A,  by 
the  leads,  a  ;  the  cathode  is  formed  of  mercury  on  the  floor  ot  the  bath,  and  is  connected 
with  the  dynamo  through  the  leads,  c.     By  this  process  much  labour  uid  mercury  are 

Amalgamation  is  not  suit- 
able for  ores  of  complex  com- 
position, and  these  ore  treated 
by  fusion  with  lead  which 
dissolves  the  gold,  and  the  im- 
purities are  then  eliminated 
by  fluxes  in  the  form  of  slag. 
The  auriferous  lead  is  then 
treated  by  cupel  lation  (see 
above,  under  Silver). 

A  very  advantageous  pro- 
cess by  means  of  which  up  U> 
90  per  cent,  of  the  gold  con- 
tained in  ores  is  extracted,  is 

that   of    Plattner,   which   con-  j'k,_  236. 

Kiats  in  the  chlorination  of  the 

ore.  It  is  first  roasted  in  order  to  eliminate  the  sulphur  and  arsenic,  and  is  then 
moistened  with  water  in  a  wooden  vessel  with  a  double  bottom  lined  with  parafBn  or  tar, 
in  which  it  is  then  exposed  to  the  action  of  chlorine.  All  the  gold  is  transformed  into  gold 
chloride  which  is  soluble  in  water,  and  the  solution  is  treated  with  ferrous  sulphate  in 
order  to  separate  the  gold  in  the  form  of  a  brown  powder  which  is  then  washed,  dried,  and 
fused  with  borax  in  order  to  obtain  pure  gold. 

During  recent  years  the  process  of  A.  Forrest,  modified  by  Siemens,  has  come  into 
general  use.  It  is  the  most  efficient  of  all  proccsBes  and  enables  gold  to  be  extracted  even 
from  very  poor  ores,  and  in  general  it  can  be  employed  without  previous  roasting.  This 
process  is  based  on  the  solubility  of  gold  and  of  gold  sulphide  in  sodium  or  potassium 
cyanide.  The  finely  divided  ore  is  generally  first  passed  over  oscillating  amalgamated 
plates,  and  the  pulp  carried  away  by  the  washing  water  is  then  collected  in  large  tanks  of 
wood  or  masonry  with  a  double  bottom,  which  bold  the  product  of  the  whole  day's  working — 
Hometimee  holding  600  cu.  metres.  To  every  ton  of  ore,  half  a  ton  of  an  aqueous 
solution  of  potassium  cyanide  of  0-6  to  0-8  per  cent,  is  added.  The  solution  is  changed 
every  24  tA  48  hours,  being  replaced  by  a  weaker  solution,  and  the  complete  extraction 
lasts  from  4  to  6  days,  so  that  four  to  six  vats  are  employed  in  order  to  permit  of 
continuous  working. 

The  reaction  is  given  by  the  following  equation,  the  oxygen  being  furnished  by  the  air 
which  is  present  in  the  ore  and  in  the  water  : 

All,  +  4KCN  +  HjO  +  0-  3K0H  +  2KAu(CN),. 

In  order  to  separate  the  gold  from  the  solution  of  gold  potassium  oyawde  Forrest  precipi- 
tates it  by  introducing  zinc  or  aluminium  shavings.  W.  Siemens,  on  the  other  hand, 
devised  a  considerable  improvement  by  submitting  the  cyanide  solution  1o  clcclrolysis 
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in  vessels  divided  into  several  chambers  in  which  anodes  formed  of  iron  plates  or  of  lead 
peroxide  are  placed ;  the  cathodes  consist  of  thin  sheets  of  lead  on  which  the  gold  is 
deposited.  At  the  anode  Prussian  blue  is  formed  from  which  KCN  is  again  obtained. 
Every  month  the  leaden  sheets,  which  now  contain  1  to  10  per  cent,  of  gold,  are  removed, 
and  the  gold  obtained  by  cupellation,  whilst  the  lead  oxide  which  is  formed  is  again 
reduced  to  lead.  The  residues  from  the  electrolytic  baths  still  contain  1  to  1  *5  grms.  of  gold 
per  1000  litres,  whilst  in  the  zinc  precipitation  baths  only  0*2  grm.  remains.  By  means  of 
the  cyanide  process,  even  98  per  cent,  of  the  gold  contained  in  the  tailings  and  residues 
from  the  amalgamation  process  are  to-day  recovered,  though  they  sometimes  only  contAin 
0*0002  per  cent,  of  gold.  These  residues  are  separated  by  a  process  of  decantation  or  are 
extracted  two  or  three  times  in  a  filter  press  with  cyanide  containing  0-02  per  cent,  of  KCN. 

The  treatment  of  gold  ores  is  now  facilitated  by  powdering  them  more  finely  than  ws^ 
previously  the  case,  and  then  using  a  filter  press  and  cyanide  baths  which  circulate  con- 
tinuously ;  in  this  way  the  treatment  costs  less  than  £1  4«.  per  ton  of  ore. 

One  of  these  electrolytic  plants,  7  metres  long,  1^  metres  wide,  and  1  metre  high, 
consumes  about  100  amps,  at  2  volts  and  treats  60  cu.  metres  of  solution  per  twenty-four 
hours.  Since  1900  great  economies  have  been  effected  in  the  cost  of  cyanide  by  employing 
the  crude  cyanide  prepared  by  the  Cyanid-Gesellschaft  of  Berlin  from  calcium  carbide, 
atmospheric  nitrogen,  and  potash  {see  p.  309). 

GOLD  REFINING.  When  gold  is  admixed  with  silver  and  a  little  copper  it  is  refined  by 
heating  it  with  nitric  acid  which  dissolves  all  the  copper  and  silver  if  the  silver  is  present  in 
amount  more  than  double  that  of  the  gold,  otherwise  it  is  necessary  to  add  some  silver. 

A  better  method  of  refining,  accompanied  by  less  loss  of  silver,  is  carried  out  by  heating 
with  strong  sulphuric  acid  in  which  the  gold  only  is  insoluble.  To-day  the  elecUolytic 
process  of  refining  by  Mobius'  process  has  become  common,  because  it  is  very  economical 
and  yields  very  pure  gold  without  noticeable  losses  of  silver.  The  electrolytic  bath  consists 
of  nitric  acid  or  preferably  of  a  weakly  acid  solution  of  silver  nitrate.  The  mass  of  gold 
and  silver  under  treatment  is  used  as  anode  and  is  surrounded  by  cotton  sacks  ;  the  cathode 
is  formed  of  silver  plates.  All  the  metals  of  the  anode,  excepting  the  gold,  which  ooUects 
in  the  sacks,  pass  into  solution,  and  at  the  cathode  all  the  silver  is  recovered  in  a  crystalline 
form. 

If  an  electric  current  of  350  amps,  per  square  metre  at  1  volt  is  used,  the  silver  has 
a  purity  of  J  JxrS»  ^^^  *^®  fP^^  ^^^  fusion  contains  i^^nnr* 

PROPERTIES.  Pure  gold  is  a  metal  of  a  lustrous  yellow  colour,  somewhat 
soft  and  extraordinarily  ductile  and  malleable  (p.  408) ;  when  in  very  thin 
sheets  it  shows  a  bluish  or  greenish  colour  by  transmitted  light.  Its  specific 
gravity  at  175°  is  19*33  ;  it  is  an  excellent  conductor  of  electricity  and  heat 
and  melts  at  1064''  forming  a  green  liquid.  It  is  the  most  resistant  of  the  noble 
metals  because  it  is  only  attacked  and  dissolved  by  aqua  regia  (also  a  little  b^^ 
boiling  nitric  acid  of  sp.  gr.  1*42),  by  chlorine  and  by  potassium  cyanide  in 
presence  of  oxygen  (see  above).  Mercury  dissolves  it  without  alteration,  whilst 
it  does  not  dissolve  platinum,  so  that  it  is  easily  separated  by  this  means. 
It  is  not  oxidised  in  the  air  and  always  preserves  its  lustre.  The  compounds 
of  gold  are  rather  unstable,  and  are  decomposed  by  heat  with  formation  of 
metallic  gold. 

Gold  has  recently  been  produced  in  colloidal  aqueous  solution  (p.  105) 
of  red  colour,  by  reducing  a  dilute  solution  of  a  gold  salt  with  formaldehyde, 
preferably  in  the  presence  of  sodium  silicate.  Blue  colloidal  gold  solution  is 
obtained  by  reducing  a  dilute  and  perfectly  neutral  solution  (1 :  10,000) 
of  AuCls  with  a  dilute  solution  (1 :  2000)  of  hydrazine  hydrate. 

In  dilute  solutions  of  gold  salts,  carbon  monoxide  produces  a  purple  colora- 
tion due  to  colloidal  gold,  and  this  solution  is  very  sensitive  towards  electrolytes. 
Alcoholic  solutions  of  gold  chloride,  when  poured  into  water,  form  hydrosols 
of  various  colours. 

APPLICATIONS.  As  gold  is  very  malleable,  it  is  employed  in  the  form  of 
leaf  for  gilding  works  of  art,  fabrics,  &c.  For  use  in  jewellery  and  coinage 
gold  is  always  alloyed  with  copper,  and  then  acquires  a  redder  colour,  or  if  it 
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is  alloyed  with  silver  it  acqaires  a  lighter  yellow  colour.  The  fineness  of  gold 
in  jewellery  is  expressed  in  carats.  The  pure  metal  is  called  24-carat  gold, 
and  thus  18-carat  gold  contains  18  parts  of  gold  in  24  (=  75  per  cent.). 

Gold  coinage  has  a  fineness  of  VrfA  (f^nglish,  Russian,  and  Turkish  coins 
contain  IH'S  of  gold).  Jewellers  prodiice  a  pure  gold  colour  on  the  surface 
of  18-carat  gold  by  dissolving  a  large  part  of  the  copper  from  the  surface  by 
immersion  in  a  bath  of  ammonium  nitrate,  alum,  and  salt,  or  in  HNO3  ^^ 
H2SO4.  Gold  is  soldered  with  an  alloy  of  silver,  gold,  and  copper.  In  order 
to  recognise  gold  objects  and  determine  their  quality  approximately,  the 
object  under  examination  is  rubbed  on  a  tcmchsUme  and  compared  with  another 
streak  made  with  gold  of  known  strength,  by  moistening  both  streaks  with 
HNOj ;  the  effects  obtained  are  then  compared  and  according  as  the  streak 
of  the  object  under  examination  disappears  to  a  greater  or  less  extent  the  purity 
of  the  gold  is  estimated.  Objects  are  gilded  by  means  of  gold  amalgam  or 
gold  leaf,  or  electrolytically  in  the  same  way  as  silver. 

The  world's  production  of  gold -in  1895  was  155,160  kilos ;  in  1904  it  was  510,000  kilos 
of  the  value  of  £70,160,000,  which  was  supplied  by  the  principal  centres  of  production  (in 
1901)  as  follows  :  the  United  States  120,700  kilos,  Australia  124,950  kUos,  Russia  35,990 
kilos,  the  Transvaal  7433  kilos  (in  1898,  before  the  war,  the  production  had  reached  117,470 
kilos,  smd  to-day  it  tends  to  regain  its  former  importance  ;  thus  in  1909  21,000,000  tons  of 
ore  were  treated  and  gold  to  the  value  of  £30,920,000  was  obtained),  Canada  36,807  kilos. 
The  world's  production  of  gold  in  1909  represented  a  value  of  £91,520,000,  of  which  about 
one-third  was  produced  in  Africa,  one-sixth  in  Australia,  and  about  one-fifth  in  the  United 
States.  The  production  of  gold  in  Italy  was  206  kilos  in  1890,  349  kilos  in  1894,  15  kilos 
in  1905,  and  72  kilos  in  1908.  The  imports  were  5758  kilos  in  1905,  4860  kOos  in  1907, 
5400  kilos  in  1908,  and  4575  kilos  in  1909,  and  the  exports  were  1731  kUos  in  1905, 298  kilos 
in  1907,  0027  (?)  kilos  in  1908,  and  828  kilos  in  1909.  In  Italy  only  two  mines  are  now 
working,  those  of  Creas  and  Feuillaz  in  the  province  of  Novara.  They  treated  6543  tons 
of  ore  containing  10-8  grms.  of  gold  per  ton  in  1906,  and  13,475  tons  of  ore  containing 
612  grms.  per  ton  in  1907  of  the  value  of  £8200.  In  1905,  Germany  produced  3933  kilos 
of  pure  gold.  The  price  of  gold  is  £137  10«.  per  kilo,  and  has  undergone  only  very  slight 
variations  during  the  I'ast  hundred  years,  the  maximum  variation  being  Ss.  per  kilo,  because 
it  serves  to  establish  the  value  of  all  other  goods  and  of  coinage. 

COMPOUNDS  OF  GOLD 

As  has  already  been  stated,  gold  forms  two  sorts  of  compounds  :  auraus 
compounds  in  which  gold  behaves  as  a  monovalent  element,  which  are  less 
stable,  and  auric  compounds  in  which  it  is  trivalent. 

AUROUS  COMPOUNDS 

AUROUS  OXIDE :  AU2O.  This  is  formed  as  a  dark  violet  powder  when  potassium 
hydroxide  is  added  to  aurous  chloride,  AuCl.    It  decomposes  at  250°  into  Au^  +  O. 

AUROUS  CHLORIDE :  AuCl.  This  compound  is  formed  by  heating  auric  chloride, 
AuCla,  to  180°.  It  forms  a  white  powder  insoluble  in  water,  by  which  it  is  decomposed  on 
heating. 

AUROUS  IODIDE :  Aul.  This  separates  as  a  yellow  powder  on  treating  a  solution 
of  auric  chloride  with  potassium  iodide,  in  an  analogous  manner  to  cuprous  iodide : 
AUCI3  +  SKI  »  3KC1  +  Aul  +  I2.     On  heating,  Aul  decomposes  into  its  components. 

POTASSIUM  AUROCY ANIDE :  KCy .  AuCy.  This  compound  is  formed  on  dissolving 
gold  in  excess  of  KCN  in  presence  of  oxygen,  and  is  thus  formed  in  the  industrial 
extraction  of  gold.      It  is  readily  soluble  in  water,  smd  is  used  for  electro-gilding. 

AUROUS  SULPHIDE :  AUjS.  This  is  separated  as  a  grey  powder,  soluble  in  pure 
water,  by  passing  II2S  into  a  hot  solution  of  gold  trichloride.  It  is  reprecipitated  from 
aqueous  solution  by  HCl.    It  is  used  in  gilding. 
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AURIC  COMPOUNDS 

AURIC  OXIDE :  AU2O3.  This  is  obtained  on  heating  a  solution  of  auric  chloride 
with  magnesium  oxide ;  the  precipitate  contains  magnesium  because  it  consists  of  mag- 
nesium aurate,  Mg(Au02)2,  and  is  treated  with  strong  HNO3 ;  a  brown  powder 
of  AujOs  then  remains,  which,  after  drying,  is  decomposed  at  250°  into  2Au  +  30.  It 
is  insoluble  in  water  and  acids,  but  is  dissolved  by  alkalis  because  it  has  an  acid 
character. 

AURIC  ACID  :  Au(0H)3.  If  the  precipitate  obtained  as  above  with 
magnesia  is  purified  with  dilute  nitric  acid,  a  reddish-yellow  powder  of  Au(OH)3 
remains.  This  product  does  not  show  any  basic  reactions,  but  behaves  as  an 
acid  and  not  as  a  hydroxide.  It  is  insoluble  in  water  and  in  acids  and  dissolves 
in  alkalis  on  account  of  its  acid  character,  forming  salts  of  a  hypothetical 
Meta-Auric  Acid,  AuO.OH,  which  may  be  considered  to  be  derived  from 
auric  acid  by  the  separation  of  one  molecule  of  water.  Potassium  Aurate 
forms  yellow  needle-shaped  crystals,  AuO.OK  +  3HjO.  It  is  soluble  in 
water,  and  has  an  alkaline  reaction.  It  is  formed  from  the  oxide  and  KOH  ; 
on  treating  it  with  other  soluble  salts  it  forms  other  aurates.  Thus  with  silver 
nitrate  it  forms  silver  aurate : 

AuO.OK  +  N03Ag  =  NO3K  +  AuO.OAg. 

Salts  of  normal  auric  acid  are  not  known. 

AURIC  CHLORIDE:  AuClg  (Gold  trichloride).  When  chlorine  or  aqua  regia 
act  on  metallic  gold  a  brown-red  deliquescent  mass  is  formed  which  is  soluble  in  water, 
alkalis,  and  ether,  and  consists  of  AUCI3.  On  evaporating  the  aqueous  solution  it  is 
partially  decomposed  into  CI2  and  AuCl.  It  is  ^soluble  in  HCl,  and  on  concentrating  this 
solution  by  heating,  long  yellow  needles  separate,  which  consist  of  chlorauric  acid  : 
HAUCI4  +  4H2O,  of  which  various  well -crystallised  salts  are  known,  such  as  potassium 
chloraurate,  KAuCl^  -j-  2H2O,  and  the  ammonium  salt,  NH4AUCI4  +  H2O,  which  may  also 
be  considered  as  double  salts,  AuCl3.NH4Cl.H2O  and  AuClg-KCl  +  2H2O.  Sometimes 
in  solution  those  salts  do  not  form  an  anion  AuCl4^  but  behave  like  gold  chloride. 

GOLD  SULPHIDES :  AU2S3  and  AugSs.  On  passing  a  current  of  HgS  into  a  coid 
solution  of  auric  chloride,  a  blackish-brown  mass  separates  which  is  formed  of  a  mixture 
of  these  two  sulphides,  together  with  a  little  sulphur.  It  is  soluble  in  alkali  sulphides, 
and  then  forms  sulpho-salt«  (K3AuS2>  &c.). 

Solutions  of  gold  salts  in  general  are  easily  reduced  to  finely  divided  metallic 
gold  by  ferrous  sulphate,  oxalic  acid,  stannous  chloride,  &c.  With  this  latter 
reagent,  a  precipitate  of  purple-violet  colour  is  obtained  which  is  known  as 
Purple  of  Cassiv^,  and  is  probably  nothing  else  than  a  colloidal  complex  of 
finely  divided  gold  and  stannic  acid,  and  is  used  for  colouring  glass  and 
porcelain.  This  characteristic  reaction  of  gold  salts  is  not  always  easily 
produced,  and  it  is  necessary  to  add  the  stannous  chloride  slowly  drop  by  drop 
to  an  excess  of  the  gold  solution. 


THIRD  GROUP.    TRIVALENT  METALS 

These  form  the  group  of  the  so-called  earths  or  earth  metals,  a  name  derived 
from  the  properties  and  appearance  of  the  corresponding  oxides,  of  which 
aluminium  oxide  (alumina)  is  the  type.  This  group  is  formed  of  elements 
with  a  trivalent  cation  and  includes  Aluminium  (Al  =  27-1),  and  a  special 
group  of  very  rare  elements  :  Scandium,  Sc  =  44*1 ;  Yttrium,  Y  =  89 ; 
Lanthanum,  La  =  139  ;  Ytterbium,  Yb  =  172  ;  Gallium,  Ga  =  69-9  ;  Indium, 
In  =  114-8  ;  Thallium,  Tl  =  204. 

Aluminium  has  certain  resemblances  to  boron  in  its  valency  and  in  the 
constitution  of  many  of  its  derivatives.     Thus  both  the  elements  are  insoluble 
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in  nitric  acid  and  soluble  in  boiling  solutions  of  alkali  hydroxides.  Thus, 
also,  boron  hydroxide  has  decidedly  acid  characteristics  and  aluminium 
hydroxide  is  also  acid  with  respect  to  strong  bases,  with  which  both  form  salts 
of  the  same  constitution  :  B(0Na)3  ;  Al(0Na)3  ;  still,  aluminium,  on  account 
of  its  higher  atomic  weight,  also  possesses  basic  and  metallic  characteristics 
much  more  pronounced  than  those  of  boron.  In  general  the  elements  of  the 
sub-group  have  less  basic  characters  in  spite  of  their  high  atomic  weights. 

ALUMINIUM:  AI,  27.1 

This  is  an  important  element,  not  only  on  account  of  the  applications 
which  it  has  found  as  metal  during  recent  years,  but  also  because  it  is  abundantly 
and  widely  present  in  nature  in  a  state  of  combination  and  its  derivatives  form 
products  of  great  practical  importance.  It  is  not  found  free  in  nature,  but  is 
abundant  in  the  form  of  oxide,  AI2O3,  which  when  pure  and  crystalline  forms 
corundum.  When  coloured  red  or  blue  by  small  quantities  of  metallic  oxides, 
it  forms  rvhy  or  sapphire.  When  subdivided  into  very  small  rather  hard 
crystals  it  forms  emery.  It  also  abounds  in  the  form  of  hydrates  of  varied 
composition  and  then  forms  Diaspore,  AI2O3.H2O,  in  rhombic  crystals; 
BaujcUe,  AI2O3.2H2O,  and  HydrargillUe,  AI2O3.3H2O.  In  the  form  of  silicate 
it  enters  as  a  most  important  element  into  the  composition  of  many 
rocks  and  then,  when  it  forms  pure  white  deposits,  takes  the  name  of  kaolin, 
which  forms  the  prime  material  for  the  manufacture  of  porcelain.  In  large 
impure  deposits  it  forms  common  clay,  and  when  combined  with  various 
other  silicates  forms  Felspar,  (Si03)2Al.KSi03,  &c.  Aluminium  is  also 
abundant  in  the  form  of  Cryolite,  which  is  a  double  fluoride  of  sodium  and 
aluminium,  SNaF.AlFg  {see  Soda,  p.  476),  and  is  supplied  by  Greenland 
to  the  whole  world,  more  especially  for  the  manufacture  of  enamels  (see  below), 
and  partly  for  the  manufacture  of  aluminium  and  of  opaque  white  glass. 

It  was  first  prepared  by  Wohler  in  1827  in  the  free  state  as  a  grey  powder 
by  heating  a  mixture  of  aluminium  chloride  and  metallic  potassium  to  redness, 
and  is  more  easily  obtained  in  small  spheres  by  passing  the  vapours  of  aluminium 
chloride  over  red-hot  potassium. 

Aluminium  was  first  prepared  olcctrolytically  by  Bimsen  in  1854  by  decomposing  a 
double  salt,  the  double  chloride  of  aluminium  and  sodium,  after  others  had  attempted  to 
decompose  aluminium  chloride  alone  without  success.  The  difficulty  was  caused  by  the 
high  melting-point  of  the  chloride,  and  Bunsen  lowered  this  considerably  by  mixing  it 
with.  NaCl  as  Dumas  had  already  done  in  1832  in  the  preparation  of  potassium,  and 
Wohler  in  the  preparation  of  magnesium.  In  1854  St.  Claire  Deville  made  various  attempts 
to  prepare  aluminium  industrially  by  emplo3ring  sodium  instead  of  potassium,  together 
with  the  vapours  of  aluminium  chloride.  He  also  improved  the  process  of  preparing 
sodium,  and  thus  lowered  its  price,  and  consequently  the  price  of  aluminium  dropped 
from  £48  per  kUo  in  1855  to  £16  in  1866,  and  in  that  year  Deville  succeeded  in  preparing 
30  kilos. 

The  attempts  made  by  various  chemists  to  obtain  aluminium  electrolytically,  especially 
from  cryolite,  3NaF.AlF3, 'remained  without  practical  results  imtil  1886  when  Deville 
prepared  aluminium  by  a  more  or  less  improved  process. 

In  1883  the  first  patents  of  Gratzels  on  the  electrolysis  of  cryolite  tvere  t^iken  out,  and 
in  1884  the  brothers  Oowles  attempted  to  prepare  aluminium  from  alumina  with  carbon 
by  heating  the  mixture  with  an  electric  current,  but  obtained  a  product  of  small  value. 
In  1887  the  important  French  patent  of  P.  H6roult  appeared,  by  which  it  was  possible  to 
obtain  alumiuium  at  a  very  low  price  by  the  direct  electrolysis  of  fused  alumina.  The 
enormous  aluminium  works  at  Neuhausen  on  the  Falls  of  the  Rhine  were  then  erected 
in  1888  and  this  company  immediately  united  with  the  Allgcmeine  Elektricitatsgesellschaft 
of  Berlin,  which  obtained  aluminium  by  the  same  method  at  a  low  price,  according  to  a  patent 
by  Kiliani.    In  America  the  manufacture  of  aluminium  in  large  quantities  was  started  in 
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1890  by  the  prooeaa  of  Hall,  who  electrolysed  fosed  ftlumina  disaolved  in  fluoride.  When 
these  patenfa  were  first  applied  grave  difficulties  were  encountered  in  the  preparatjoo  of 
pure  aluminium,  and  variouB  alloys  of  aluminium  with  copper  were  alone  prepared.  Pure 
alnminium  waa  only  produced  after  18B0,  To-day  aluminium  is  produced  entirely  by 
these  two  procesaes,  which  are  constantly  being  improved. 

The  technical  details  of  those  processes  are  jealously  kept  secret  by  the  numnfacturers. 
The  great  difliculties  consisted  in  finding  vessels  which  would  resist  ext«raal  heating  to  the 
extremely  high  temperature  of  molten  aluminium,  and  were  overcome  by  melting  the 
alumina  by  means  of  an  electric  are  by  immersing  the  electrodes  directly  into  the  mass.     The 
electric  furnace  for  the  manufacture  of  alnminium  is  illustrated  diagrammatically  in  eleva- 
tion and  plan  in  Pig.  237.     The  hearth,  K,  of  the  furnace  is  formed  of  suitably  arranged 
compact  graphite  bricks,  A,  and  is  held  firmly  together  by  an  iron  box,  a,  through  which 
the  copper  terminals,  a',  which  are  united  to  the  negative  pole  of  the  source  of  cnrr«rt  are 
passed.     The  anode,£,  consista  of  a  bundle  of 
carbon  plates,  B',  held  together  by  an  arma- 
ture g  and  h,  the  interspace  between  theae 
plates  being   filled    with    a  well-condnctiug 
material,  such  as  copper  or  green  wood.     This 
anode  is   connected  with  the    positive  pole 
through  the  ring,  h.     The  anode  is  suspended 
at  e  by  a  chain  in  order  to  he  able  to  immersr 
it  more  or  less  deeply  in  the  molten  electro' 
lytic    bath.      The   furnace   is   covered   by   * 
graphite  plate,  k,  which  allows  the  anode  to 
move  in  a  vertical  direction  only  in  the  open- 
ing.     The  furnace  is  charged  and  the  gasee 
(GO)  escape  through  the  opcningti,  m  and  n. 

In  the  preparation  of  aluminium  bronsE 
the  operation  is  started  by  introducing  a 
certain  quantity  of  copper  through  k,  and  the 
anode  is  then  lowered  until  it  touches  the 
copper,  when  this  is  melted  by  the  paiwage 
of  the  current.  Alumina  (AlgOj)  obtained 
from  bauxite  (see  bdow.  Oxide  and  Hy- 
droxide of  Aluminium)  is  then  charged 
into  the  furnace,  and  the  anode  is  raised 
slowly  so  that  the  electric  are  between  the 
copper  and  the  carbon  passes  through  the 
FiQ.  237.  alumina.    This  melts  and  gives  np  oxygen  to 

the  carbon  of  the  anode,  which  is  oxidiivd 
with  formation  of  CO,  and  the  aluminium  which  is  formed  alloys  with  the  copper.  Tlie 
fused  alloy  is  discharged  into  the  carbon  vessel,  t,  where  it  solidifies  in  blocks. 

When  metallic  aluminium  is  to  be  produced,  cryoLte  is  added  as  a  flux  in  a  furnace 
lined  with  alumina,  in  the  absence  of  copper,  and  alumina  is  then  gradually  added  and 
rapidly  forms  molten  aluminium.  The  anode  always  consists  of  carbon  and  the  cathode 
is  of  iron,  but  as  soon  as  molten  aluminium  is  formed  this  acts  as  a  cathode.  The  molten 
aluminium,  which  is  formed  imder  a  lajrer  of  molten  material,  is  extracted  by  immersing  tubes 
into  the  melt«d  mass  which  syphon  off  the  aluminium  from  below. 

The  process  encountered  another  difficulty  in  the  impurity  of  natural  alumina,  which 
yielded  aluminium  containing  2  to  3  per  cent,  of  silicon,  which  was  therefore  useless. 
To-day  purealnminium  oxide  is  artificially  prepared  from  bauxite  (we&dou)and  thus  pure 
aluminium  is  obtained  which  only  contains  0'15  per  cent,  of  SiOg. 

According  to  a  recent  patent  it  appears  that  aluminium  can  more  easily  be  obtained 
by  the  elecliYilysis  of  aluminium  sulphide,  but  nothing  is  yet  known  as  to  the  practical 

PROPERTIES.  Aluminium  is  a  metal  of  silvery  appearance  with  a  specific 
gravity  of  2-64  to  2-70,  which  melts  at  700".  It  is  ductile  and  malleable, 
bat  more  so  at  about  100".  It  is  not  altered  in  the  air,  because  it  immediately 
becomes  covered  with  a  veiy  thin  layer  of  air  and  of  adherent  oxide  wbidi 
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preserves  it  from  atmospheric  corrosion.  Hydrochloric  acid  dissolves  it  easily 
and  therefore  also  acetic  acid  mixed  with  NaCl,  whilst,  on  the  other  hand,  it 
is  very  resistant  to  the  action  of  cold  dilate  nitric  acid  and  of  sulphuric  acid. 
On  account  of  these  properties  it  is  used  for  the  manufacture  of  tanks  and  other 
objects  for  many  industries  (cheese  factories,  fats,  eataUes,  &c.).  It  also 
dissolves  in  alkali  hydroxides,  especially  on  heating,  with  evolution  of  hydrogen : 
Al  +  3K0H  =  A1(0K)3  +  3H.  Compact  blocks  of  aluminium  are  oxidised 
with  difficulty  on  heating,  whilst  when  in  the  form  of  very  thin  foil  or  as  fine 
powder,  it  is  easily  set  on  fire  by  a  gas  flame,  emitting  a  very  bright  light 
(aluminium  lamp) .  If  aluminium  filings  are  brought  into  contact  with  a  solution 
of  mercuric  chloride,  aluminium  amalgam  is  formed,  which  is  a  very  active 
reducing  agent,  and  thus  immediately  evolves  hydrogen  in  contact  with  water, 
forming  aluminium  hydroxide. 

If  aluminium  is  employed  as  an  electrode  in  a  voltameter,  it  only  allows 
an  alternating  current  to  pass  when  it  is  connected  with  the  negative  pole — 
cathode — ^whilst  if  an  aluminium  plate  isallowed  to  act  as  cathode,  it  does  not 
let  the  current  pass  within  certain  lii^^.and  on  account  of  this  property  it 
is  utilised  as  a  "  rectifier  "  for  alternate  currents. 

APPLICATIONS.  On  account  of  its  physical  and  chemical  properties 
aluminium  gave  rise  to  great  hopes  that  it  would  be  employed  on  an  enormous 
•  scale,  and  it  was  even  supposed  that  it  would  replace  iron  and  other  metals  in 
common  use.  But  its  exceptional  lightness,  its  appearance,  and  its  resistance 
to  atmospheric  influences  did  not  suffice  to  establish  its  general  use  as  had  been 
hoped,  and  this  is  more  especially  due  to  its  lack  of  hardness.  It  also  easily 
alters  its  properties  when  it  contains  minimal  traces  of  impurities,  such  as  a  trace 
of  sodium,  which  causes  it  to  be  attacked  by  water.  Moreover,  it  cannot  be 
worked  with  a  file,  because  it  **  smears,"  that  is,  fills  the  interstices  of  the  file. 
Some  of  these  disadvantages  can  be  overcome  by  suitable  additions,  such  as 
2  to  15  per  cent,  of  phosphorus.  An  important  application  of  aluminium  has 
now  been  found  in  thermite  (see  below),  and  it  is  also  used  in  the  form  of  very 
fine  foil  for  packages  to  replace  tin  foil.  In  France  it  is  now  used  for  coinage. 
The  automobile  factory  of  Rochet  and  Scheider  at  Lyons  alone  used  28  tons 
of  aluminium  in  1904  in  the  manufacture  of  280  motors,  in  the  form  of  various 
alloys. 

A  very  important  application  of  metallic  aluminium  is  in  the  manufacture  of  its  alloys, 
which  are  largely  used.  We  will  mention  the  most  important  of  these.  Ahiminium  bronze 
is  an  alloy  of  copper  containing  3  to  10  per  cent,  of  Al.  It  has  a  specific  gravity  of  8*37 
to  7-65,  and  a  golden  colour  which  varies  from  reddish  to  bright  yellow.  When  it  contains 
10  per  cent,  of  Al  it  melts  at  1100°,  and  is  obtained  directly  in  the  electric  furnace  (see 
above),  or  by  pouring  Al  into  molten  copper.  Its  electric  conductivity  is  13-6  per  cent, 
of  that  of  copper.  It  is  very  resistant  to  the  action  of  acids  NaG,  NH3,  S,  alkalis,  alum, 
CI,  sulphite,  &c. 

Aluminium  Brass  is  ordinary  brass   containing  33  per  cent,  of  zinc,  to  which  0-5 

to  4  per  cent,  of  Al  is  added.     It  is  easily  malleable  at  a  dark  red  heat,  and  is  sometimes 

used  instead  of  aluminium  bronze,  but  is  less  resistant  to  various  reagents.     Mtignalium 

is  an  alloy  of  aluminium  with  less  than  2  per  cent,  of  magnesium  (often  1  per  cent.),  and  is 

obtained  by  adding  Al  to  an  electrolytic  bath  of  molten  camallite.     Whilst  the  two  metallic 

components  of  this  alloy  have  many  disadvantages  for  practical  purposes,  magnalium 

enjoys  many  advantages,  and  its  properties  are  so  useful  that  they  guarantee  it  a  prosperous 

future.    It  has  a  specific  gravity  of  2*4  to  2-5,  is  easily  melted  and  cast ;  it  does  not  smear 

under  the  file,  has  a  very  fine  grain,  may  be  turned  in  the  lathe  even  at  high  speed,  and  may 

be  polished  like  a  mirror.    It  is  used  for  many  parts  of  machinery,  for  cooking  utensils 

and  scientific  apparatus,  and  as  it  retains  its  silvery  lustre  very  well,  it  is  suitable  for  optical 

mirrors,  &c.    It  costs  about  £200  per  ton.    Zimalium,  a  cheaper  alloy  of  aluminium 

with  a  little  manganese  and  zinc,  has  also  been  recently  prepared. 

For  miuiy  years,  and  to  a  certain  extent  to-day,  serious  difficulties  have  been  encountered 
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in  soldering  aluminium.  Of  the  various  alloys  which  are  to-day  used  for  soldering^,  we  "mA 
only  mention  one,  patented  in  1905,  formed  of  64  parts  of  tin,  30  parts  of  zinc,  1  of  lead 
and  1  of  aluminium.  To-day,  however,  aluminium  can  be  perfectly  welded  autogenously 
by  the  oxy-acetylene  blow-pipe  (p.  176)  by  coating  the  point  to  be  welded  if  necessan* 
with  a  thick  aqueous  solution  of  potassium  chloride,  sodium  chloride,  lithium  chloride, 
and  potassium  disulphate  mixed  in  various  proportions  in  order  to  prevent  oxidation  during 
heating.  In  order  to  determine  whether  other  foreign  metals  are  present  in  a  soldercti 
part,  M,  Schoop  in'  1907  immersed  the  soldered  portion  in  water  feebly  acidified  Mith 
HQ  ;  hydrogen  is  only  evolved  at  the  soldered  point  when  foreign  metals  are  present. 

We  have  mentioned  above  that  finely  divided  aluminium  easily  burns  in  a  flame  forming 
AI2O3.  This  property  was  ingeniously  applied  in  1898  by  Hans  Goldschmidt  of  the  firm 
of  Krupp  in  order  to  obtain  very  high  temperatures  (over  2000°),  at  which  even  the  more 
resistant  oxides,  excepting  MgO,  are  reduced  to  the  free  metals  : 

CrgOa  4-  2A1  =  AlgOg  +  Ctj. 

It  is  possible  in  this  way  to  obtain  extremely  pure  metals  by  the  reduction  of  their  oxidt>, 
whilst  they  were  formerly  obtained  by  reduction  with  carbon  and  the  residting  metals 
were  impure.  The  heat  of  formation  of  aluminium  oxide  is  1255  Kj.  (300,000  cals.),  and 
this  explains  the  great  stability  of  this  oxide  even  at  the  highest  temperatures,  and  the 
enormous  quantity  of  heat  which  is  evolved  in  its  formation. 

H.  Goldschmidt  prepared  thermite,  which  is  a  mixture  of  equal  parts  of  iron  oxide  and 
finely  divided  aluminium.  If  the  temperature  at  one  point  of  this  mass  is  raised  by  hi  atiug 
it  with  a  mateh  formed  of  a  magnesium  wire,  which  ends  in  a  small  sphere  of  aluminium 
powder  and  barium  peroxide,  then  the  mass  becomes  heated  at  that  point  and  the  igm'tinn 
gradually  extends  throughout  the  whole  of  the  mixture,  reducing  the  iron  oxide  to  metallic 
iron  with  formation  of  aluminium  oxide  and  evolution  of  an  extraordinary  quantity  of 
heat,  which  melts  the  iron  which  is  formed.  Thermite  thus  renders  it  possible  to  weld 
wrought  and  cast  iron  objects  and  broken  parts  of  machinery  by  surrounding  the  point 
to  be  welded  with  a  metallic  box  filled  with  thermite.  On  starting  the  ignition,  the  molten 
iron  accumulates  at  the  point  to  be  soldered  and  the  repairs  are  so  reliable  that  there  is 
no  further  danger  of  breaking  at  that  point.  Repairs  to  ships  and  very  heavy  machinerv 
are  thus  carried  out  at  a  minimal  expense,  whilst  at  one  time  it  was  necessary  to  dismount  the 
large  pieces  in  order  to  transport  them  to  workshops  at  an  expense  of  hundreds  of  pounds. 
The  rails  of  tramways  and  railways  are  to-day  welded  in  this  maimer,  so  that  they  form 
single  pieces  a  mile  or  more  in  length,  in  which  form  they  last  much  longer ;  it  has  now  been 
found  that  it  is  not  necessary  to  leave  a  small  space  between  one  length  of  rail  and  another 
as  was  formerly  beUeved.  Of  recent  years  better  results  have  been  obtained  with  a  mixture 
of  powdered  aluminium  and  calcium  or  with  a  powdered  alloy  of  these  two  metals  instead 
of  aluminium  alone.  Pure  powdered  silicon  is  ako  used,  mixed  with  calcium,  instead  of 
aluminium. 

PRICES   AND  STATISTICS.     Whilst  there  were  only  2  or  3   aluminium    works 
a  few  years  ago,  there  are  more  than  10  in  full  activity  to-day,  which  together  emplov 
about  60,000  hydraulic  horse-power,  of  which  10,000  are  utilised  at  Niagara   Falls,  45i^> 
at  Neuhausen  on  the  Rhine,  5000  at  Rheinfelden,  &c.     In  1908  a  new  English  com  pan  v 
was  formed  for  the  production  of  aluminium  in  Switzerland,  with  a  capital  of  £1 ,200,01HK 
The  worid's  production  in  1883  was  2  tons,  in  1888  71  tons,  in  1893  716  tons,  in  1896 
1790  tons,  in  1898  4024  tons,  in  1900  7743  tons,  in  1905  10,000  tons,  in  1906  14,500  toni^. 
and  in  1907  19,800  tons,  of  which  8000  were  produced  in  the  United  States,  6000  in  France, 
4500  in  Germany,  Austria,  and  Switzerland,  and  about  1000  tons  in  England.     In  1901 
France  produced  1500  tons  and  in  1903  exported  662  tons;  in  1906  about   1470   tons' 
and  in  1909  more  than  4400  tons.     In  Italy  the  manufacture  of  aluminium  was  only 
started  in  1906  at  Bussi  in  the  Valle  di  Pescara  by  treating  bauxite  of  Lecco  nei  Mcu^  by 
the  "  Society  italiana  per  la  fabbricazione  di  alluminio,''  which  has  a  capital  of  £12O,00<) 
and  is  afiiliated  to  the  "  Society  elcttrochimica  "  of  Rome  ;    in  1908  3  series  of  small 
f  lu'naces  were  working,  comprising  50  finnaces  in  all,  and  produced  600  tons  of  aluminium  ; 
in  1910  a  fourth  series  of  furnaces  was  at  work.     Bauxite  deposits  have  recently   been 
discovered  on  the  left  bank  of  the  Liri.    In  1907  Italy  imported  538*3  tons  of  aluminium    . 
and  its  alloys,  in  1908  4421  tons  and  in  1909  490  tons. 

The  movements  of  the  price  of  aluminium  illustrate  the  development  of  this  interesting 
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idustry  very  efiFectively.  In  1865  1  kilo  of  aluminium  cost  £60,  in  1857  £12  {see  above), 
I  1874  £8,  in  1886  £3  8«.,  in  1890  12«.,  in  1805  3«.  2id.,  in  1902  2«. ;  in  1906  it  rose  to 
9.  Id,  per  kilo  on  account  of  the  large  demand,  and  in  1909  it  fell  again  to  1«.  2^.  and  to 
9.  5€^.  in  1910  on  account  of  the  largo  production  by  the  older  and  newer  works,  which 
t tempted  to  form  an  international  trust  in  1909  in  order  to  raise  the  price,  but  did  not 
ucceed  in  coming  to  an  agreement.  In  spite  of  the  present  low  price,  the  Aluminium 
rCisellschaft  of  Neuhausen  in  Switzerland  has  paid  the  following  dividends  to  shareholders : 
6  per  cent,  in  1904,  18  per  cent,  in  1906,  22  per  cent,  in  1906,  and  26  per  cent,  in 
907- 

ALUMINIUM  COMPOUNDS 

ALUMINIUM  OXIDE:  AljOj  (Alumina).  In  nature  this  occurs  as 
uht/,  sapphirey  corundum,  and  emery,  which  are  very  hard  and  have  a  specific 
Tavity  of  about  3*9.  Rubies  and  sapphires  may  be  prepared  artificially  by 
aelting  alumina  with  lead  oxide  at  a  red  heat  in  a  porcelain  capsule.  The 
Bad.  aluminate  which  is  first  formed  decomposes  by  acting  on  the  sib'ca  of  the 
apsule  and  deposits  crystals  equal  to  those  found  in  nature,  which  are  coloured 
uby  red  if  a  little  potassium  dichromate  is  added  to  the  fused  mass,  or  blue  if 
k  little  cobalt  oxide  is  introduced.^ 

Amorphous  AljOa  is  obtained  by  heating  aluminium  hydroxide  or  other 
'ompounds.  It  is  soluble  in  acids,  but  if  it  has  been  previously  heated  to  redness 
or  some  time  it  becomes  insoluble,  and  the  only  way  of  then  obtaining  it  in 
solution  is  to  fuse  it  with  potassium  carbonate  or  potassium  disulphate. 

The  industrial  preparation  of  pure  aluminium  oxide  has  to-day  acquired  great  importance 
because  it  forms  the  prime  material  for  the  manufacture  of  aluminium  {see  above).  It  is 
>btained  from  cryolite  and  to  a  larger  extent  from  bauxite,  in  various  ways.  According  to 
Bayer's  process,  the  bauxite,  Al20(0H)4,^  is  calcined  and  pulverised,  mixed  with  a  little 
ime  and  then  treated  with  a  sodium  hydroxide  solution  of  46°  B^.  at  a  pressure  of  3  to 
^  atmospheres.  (Bauxite  for  the  manufacture  of  aluminium  should  not  contain  more 
than  0*2  per  cent,  of  silica.)  Sodium  aluminate  soluble  in  water  is  thus  obtained.  It 
8  filtered  hot,  washed,  and  to  the  clear  solution  after  suitable  dilution  about  two -thirds 
^f  pure  gelatinous  aluminium  hydroxide  is  added.  The  whole  is  then  stirred  continuously 
in  large  vats  for  5  or  6  days,  after  which  time  all  the  sodium  aluminate  is  dissociated 
atnd  all  the  alumina  is  precipitated  in  the  pure  state,  together  with  that  originally  added. 
It  is  separated  in  a  filter  press  and  all  the  sodium  hydroxide  then  remains  in  solution  and  is 
reutilised  (^eea^^o  Fr.  Pat.  373,070  of  1906).  Formerly  a  current  of  CX)^  was  passed  into 
the  sodium  aluminate  solution  and  this  first  precipitated  pure  aluminium  hydroxide  and 
afterwards  the  silicates,  whilst  a  solution  of  sodium  carbonate  remained  which  was 
reutilised  in  the  process.  An  excess  of  sodium  hydroxide  is  more  effective  in  preventing 
the  precipitation  of  silica.  The  hydroxide  obtained  by  the"  Bayer  process  is  free  from  iron 
and  silica,  contains  40  per  cent,  of  water,  and  after  drying  forms  a  white  powder  consisting 
of  the  oxide,  AI2O3. 

Pure  alumina  is  also  prepared  in  the  electric  furnace  by  mixing  powdered  bauxite 
with  coal,  and  with  a  flux,  such  as  Na2CX)3,  cryolite,  or  calcium  fluoride,  and  also  sometimes 
Al  and  FcjOs  (a  borate  is  still  more  effective  ;  Ger.  Pat.  205,790  of  1908).  All  the  impurities 
collect  as  a  slag  in  the  very  fusible  alloy  of  aluminium  and  iron  or  iron  silicide  which  is 
easily  separable. 

*  Artificial  Rubies.  Of  the  various  methods  of  manufacture,  the  most  recent,  Vemeuil's  process,  deserves 
mention.  A  solution  of  aluminium  sulphate  containing  Iron  as  an  impurity  is  mixed  with  one  of  chrome-alum 
and  precipitated  with  ammonia ;  the  precipitate  is  first  dried  in  the  air,  then  raised  to  a  cherry-red  heat  and 
Iknally  melted  In  theoxy-bydrogen  flame.  Drops  weighing  about  20  gmis.  and  1-5  cm.  in  diameter  are  removed 
from  the  molten  mass  and  allowed  to  solidify ;  all  gradations  of  colour  arc  so  obtained  varying  with  the  quantity 
of  chrome-alum  which  was  added.    About  one  ton  of  artificial  rubies  is  manufactured  yearly. 

•  The  question  whether  there  are  important  deposits  of  bauxite  in  Italy  has  been  discussed  for  some  time, 
but  until  a  abort  time  ago  it  was  almost  unknown.  Becent  researches  of  Mattirolo  and  analyses  by  Formenti 
have  however  proved  the  presence  of  notable  surface  deposits  (1,000,000  sq.  metres  of  a  thickness  of  3  metres) 
at  Lecce  net  Manl  on  the  slope  of  Monte  Turchio.  This  bauxite  contains  50  to  55  per  cent,  of  aluminium  and 
3  to  4  per  cent,  of  silica  (SiOt),  but  the  contents  of  iron  sometimes  exceed  25  per  cent,  of  Fe,0„  and  this 
explains  how  the  engineers  of  the  Bureau  of  Mines  erroneously  classified  these  minerals  as  iron  ores.  They  are 
now  the  property  of  the  "  Societk  italiana  per  la  fabbrlcaxione  di  alluminio,"  who  treat  and  purify  these  ores  in 
their  works  at  BuasL 
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W  hen  aluminium  oxide  is  heated  in  a  current  of  chlorine  in  presence  of  carbon,  it  f ormt 
aluminium  chloride,  AlCl}.  Refined  anhydrous  alumina  of  98  to  99  per  cent,  in  the  form 
of  a  heavy  powder  costs  £40  per  ton,  whilst  in  the  form  of  a  light  powder  it  costs  £84. 

ALUMINIUM  HYDROXIDE :  Al(OH),.  As  ah-eady  noted  above,  this  compound 
occurs  in  nature  as  duispore,  bauxite,  smd  hydrargillite.  It  is  obtained  as  a  gelatinous 
mass  by  treating  a  soluble  aluminium  salt  with  NH3,  alkali  hydroxide,  or  alkali  carbonate : 
2AICI3  +  SCJOaNag  +  SHgO  =  2A1(0H)3  +  SOOg  +  6NaCl.  The  hydroxide  is  soluble  ir. 
NaOH,  but  not  in  NH,  {see  below).  The  hydroxide  is  prepared  industrially  by  Lowig'^ 
process,  by  treating  a  solution  of  sodium  aluminate  with  milk  of  lime  : 

2A102Na  +  Ca(0H)2  -  2NaOH  +  (AlOgjjCa. 

The  dissolved  sodium  hydroxide  is  reutilised  for  the  preparation  of  sodium  aluminate, 
whilst  the  precipitated  calcium  aluminate  is  dissolved  in  Hd : 

(AlOakCa  +  8HC1  «  CJaOg  +  2A1C18  +  4H2O. 

On  then  mixing  the  solution  of  Aids  "^^^  calcium  aluminate  in  the  exact  proportion? 
indicated  by  the  following  equation,  pure  aluminium  hydroxide  is  precipitated  : 

2A1C1,  +  3(A102)8Ca  +  I2H2O  -  8A1(0H),  +  3CaCa«. 

The  purification  of  bauxite  has  also  been  described  in  the  preceding 
pages. 

The  freshly  precipitated  hydroxide  can  be  dissolved  in  a  solution  of 
aluminium  chloride  or  acetate,  and  on  then  subjecting  this  solution  to  dialysis 
(p.  102)  the  chloride  or  acetate  diffuses  through  the  membrane,  whilst  a 
colloidal  aqueous  solution  of  the  hydroxide  remains.  This  has  a  weakJy 
alkaline  reaction  and  is  coagulated  by  traces  of  acids,  alkalis  or  salts. 

Freshly  precipitated  aluminium  hydroxide  dissolves  in  acids  and  in  alkali 
hydroxides,  forming  dluminates  AlO.ONa;  when  the  hydroxide  is  dried  it 
no  longer  dissolves  in  acids. 

The  aluminates  may  be  considered  as  derivatives  of  Aluminium  Meta- 
hydroxide,  AIO.OH,  which  is  formed  by  cautiously  heating  the  ordinary 
hydroxide  until  one  molecule  of  water  is  eliminated^  If  a  soluble  salt  of  the 
alkali  earth  metals,  magnesium,  &c.,  is  added  to  the  aqueous  solution  of  an 
alkali  aluminate,  a  precipitate  of  the  aluminate  of  calcium,  magnesium,  &c.,  is 
f  omed : 

•  2A10.0Na  +  Cada  =  2Naa  +  (AlO.O)jCa. 

Various  crystalline  minerals,  known  as  apineUes,  are  found  in  nature, 
which  correspond  in  constitution  to  these  aluminates,  for  example : 

AIO.O^T^^   AIO.O^T^   A10.0^7„    jf,^ 
A10.0>^'  A10.0>^'  A10.0>^'  ^' 

Aluminium  hydroxide  behaves  both  as  a  weak  base  and  as  a  weak  acid. 
so  that  it  is  able  to  form  salts  both  with  strong  acids  and  with  strong  bases. 

« 

.  Thus  freshly  precipitated  A1(0H)3  dissolves  in  NaOH  or  in  Hd,  but  these  salts  are  not 
very  stable  and  are  already  decomposed  by  carbon  dioxide  or  ammonium  chloride  witii 
precipitation  of  the  hydroxide.  Salts  which  are  formed  with  strong  acids  have  an  acid 
reaction  in  aqueous  solution  and  those  formed  with  strong  bases  have  an  alkaline  reactior 
because  they  are  in  part  hydrolyiicaUy  dissociated  by  water  in  a  similar  manner  to  any  other 
salts  of  strong  acids  with  weak  bases  or  weak  acids  with  strong  bases.  Their  gener&l 
behaviour  is  explained  by  hydrolytic  dissociation  due  to  the  ionisation  of  minimal  traces 
of  water  into  H*  and  OH'. 

In  the  salts  formed  from  weak  bases  and  strong  acids  in  aqueous  solution  one  part  of 
the  cation  unites  with  a  few  OH'  anions  of  ionised  water  forming  neutral  molecules,  and 
free  H*  cations  of  the  water  thus  remain  and  produce  an  acid  reaction.  The  OH'  aiu(»« 
having  disappeared,  other  molecules  of  water  are  ionised  and  a  further  portion  of  tfaf 
cations  of  the  salt  is  h3rdrolysed,  thus  increasing  the  acid  reaction  until  a  certain  equilibrium 
is  reached.    In  the  case  of  salts  formed  of  strong  bases  wi^  weak  adds,  their  aqueow 
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K>lution  has  an  alkaline  reaction  because  a  portion  of  their  anions  are  hydrolysed  with  the 
H'  cations  of  the  ionised  water  molecules,  and  OH'  anions  of  the  water  are  liberated,  which 
impart  the  alkaline  reaction  to  the  solution.  The  strong  alkaline  reaction  of  sodium  and 
potassium  carbonate  (p.  436)  is  thus  explained,  as  their  aqueous  solutions  are  strongly 
hydrolysed. 

When  sodium  carbonate  or  ammonium  sulphide  is  added  to  a  solution  of  an  aluminium 
salt  aluminiyim  hydroxide  is  precipitated  instead  of  the  carbonate  or  sulphide  as  occurs 
in  the  case  of  various  other  salts ;  chromium  salts  behave  similarly.  This  apparent 
abnormality  is  logically  explained  by  the  instantaneous  hydrolysis  of  the  carbonate  or 
sulphide  of  aluminium  (or  of  chromium)  which  occurs  at  the  instant  of  their  formation 
in  presence  of  much  water,  because,  being  formed  of  a  very  weak  base  and  very  weak 
acids  (HgCX),  and  H2S),  they  are  completely  hydrolysed  by  excess  of  water  with  evolution 
of  CO2  or  H2S  and  separation  of  gelatinous  al\iminium  hydroxide. 

Freshly  prepared  aluminiam  hydroxide  precipitates  many  dyestuffs 
(alizarine  and  anthracene  dyestuffs)  from  their  solutions,  forming  insoluble 
combinations  of  various  colours  which  are  called  lakes.  This  reaction  is  utilised 
with  the  help  of  solutions  of  aluminium  acetate  or  also  of  sodium  aluminate, 
for  mordanting  fabrics  by  impregnating  them  with  these  solutions.  On  heating, 
the  acetate  is  then  decomposed  with  formation  of  acetic  acid,  and  aluminium 
hydroxide  remains  in  the  fibre.  On  then  immersing  the  fabric  in  a  bath 
containing  the  dyestuff,  the  colour  is  fixed  in  the  tissues  through  the  formation 
of  these  lakes. 

Waterproof  fabrics  are  obtained  by  impregnating  the  materials  with  alu- 
minium acetate  and  then  heating  them.  All  the  pores  of  the  fibres  are  thus 
filled  with  the  gelatinous  hydroxide  which  is  then  transformed  into  insoluble 
aluminium  oxide.  The  fabrics  lose  all  their  capillarity  and  are  no  longer 
wetted  by  water. 

STATISTICS  AND  PRICES.  Commercial  aluminium  hydroxide  in  paste  form  coste 
£20  per  ton  ;  the  dry  substance  in  powder  costs  £52  per  ton  ;  sodium  aluminate  in  solution 
(25^  B6.)  costs  £18,  and  the  solid  with  40  per  cent,  of  AI2O8  £28  per  ton  ;  commercial 
aluminium  acetate  in  solution  (10°  to  12°)  costs  £9  4^.  per  ton,  and  of  14°  to  15°  $6.  £14. 
Bauxite  of  good  quality  costs  £2  to  £2  Sa,  per  ton,  and  Germany  imported  39,325  tons  in 
1905.  The  purest  product  is  used  for  the  manufacture  of  aluminium  and  the  least  pure 
for  the  production  of  refractory  materials.  In  1908  Italy  produced  7000  tons  of  bauxite 
of  the  value  of  £2520,  and  in  1902  imported  420*4  tons  of  aluminium  hydroxide  of  the  value 
of  £4010  ;  in  1907  390  tons,  in  1908  360  tons,  and  in  1909  455  tons  of  the  value  of  £4360. 
France  possesses  the  largest  bauxite  deposits  in  the  world,  especially  in  the  Department 
of  Var  ;  in  1907  it  produced  430,000  tons  of  bauxite  and  in  1908  191,000  tons,  and  in  1907 
it  exported  110,000  tons  of  the  value  of  £88,000.  Austria  imported  (from  Germany) 
2057  tons  in  1905,  3160  tons  m  1906,  4840  in  1907,  and  3670  tons  in  1908  of  the  value  of 
£40,000.  The  United  States  of  America  produced  48,130  tons  of  bauxite  in  1906  of  the 
value  of  £48,000. 

ALUMINIUM  CHLORIDE :  AICI3.     This  substance  is  prepared  by  passing  a  current 
of  dry  gaseous  Hd  over  fragments  of  aluminium  heated  in  a  porcelain  tube  or  also  from 
AI2O3  and  carbon  when  heated  in  presence  of  chlorine.      The  chloride  which  distils  con- 
denses as  a  white  crystalline  mass  of  hexagonal  scales  which  are  deliquescent  and  very 
hygroscopic.     It  is  easily  hydrolysed  by  water,  and  in  order  to  maintain  it  in  solution 
without  separation  of  A1(0H)3  it  is  therefore  necessary  that  a  little  Hd  should  be  present. 
On  concentrating  the  aqueous  solution  by  heating  it  is  easily  hydrolysed  with  evolution 
of  HCl  and  separation  of  the  hydroxide.     One  method  of  carbonising  wool  is  based  on  this 
reaction.    Wool  is  carbonised  in  order  to  destroy  the  vegetable  residues  which  are  found 
mixed  with  it,  and  this  is  affected  by  aluminium  chloride  because  whilst  wool  itself 
resists  the  moist  HCl  vapours  at  120°  quite  well,  the  straw  and  cotton  are  attacked  and 
carbonised  or  incinerated.     Ordinarily,  however,  dilute  sidphuric  acid  is  used  for  carboni- 
sation.    When  aluminium  chloride  is  pure  it  fumes  in  the  air  and  boUs  at  183°.     At  440° 
its  vapour  density  corresponds  to  the  formula  AlsQe,  whilst  at  760°  it  corresponds  to  Aid,, 
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It  is  soluble  in  water,  alcohol,  and  ether.    A  solution  of  A1(0H)3  in  HGl  is  ured  as  a 
disinfectant.     Certain  double  salts  of  little  importance  are  also  Imown  : 

AlQa.Naa;  AlCl, . PCa^,  &c. 

A  commercial  solution  of  AlCla  of  30°  B6.  costs  £10  per  ton.  The  anhydrous  solid 
costs  £68  per  ton. 

ALUMINIUM  SULPHATE  :  Alg(S04)3  +  ISHjO 

This  compound  is  formed  on  dissolving  clay  (aluminium  silicate)  or  pre- 
ferably bauxite  or  aluminium  hydroxide,  free  from  iron,  in  sulphuric  acid 
of  66°  B6.,  heated  to  100°  in  a  copper  vessel.  When  the  solution  is  satu- 
rated, that  is,  when  on  adding  further  aluminium  hydroxide  no  more  frothing; 
occurs,  the  solution  is  poured  whilst  still  hot  into  large  leaden  pans  2^  to  3 
metres  long,  2  metres  wide,  and  15  to  20  cm.  deep.  The  mass  is  then  stirred 
continuously  with  wooden  spades  to  avoid  the  formation  of  lumps  during 
solidification.  The  blocks  which  are  formed  are  then  broken  and  enclosed  in 
barrels. 

In  order  to  obtain  the  purest  product,  free  from  acid,  it  is  redissolved 
in  hot  water  and  the  aluminium  sulphate  is  allowed  to  crystallise  in  scales 
of  sp.  gr.  of  2-71.    The  aqueous  solution,  when  treated  with  an  insufficient 

quantity  of  NH3,  separates  a  basic  sulphate,  AlJ  ^  ^J]*  +  7HjjO   {aluminile). 

Lately  the  price  of  aluminium  sulphate  has  fallen  somewhat — ^to  £4  I65 
to  £6  per  ton — and  it  may  therefore  be  employed  in  place  of  alum  as  a 
mordant  in  the  dyeing  of  alizarine  and  anthracene  colours,  but  it  must  be 
free  from  iron  as  otherwise  this  forms  dark  violet  lakes  which  deaden  the 
other  shades  ;  it  may  also  be  used  for  tanning  hides,  for  hardening  cardboard, 
purification  of  water,  &c. 

Aluminium  sulphate  unites  with  the  alkali  sulphates  to  form  double  salts 
which  crystallise  in  large  octahedra  or  cubes  and  are  called  alums,  such  as 
potash  alum,  Al2(S04)3.K2S04  +  24H2O,  and  there  are  many  such  alums, 
because  the  potassium  sulphate  may  be  replaced  by  the  sulphates  of  other 
monovalent  metals,  Na,  Rb,  Cs,  Tl,  and  NH4 ;  and,  on  the  other  hand,  Al 
may  be  replaced  by  other  trivalent  metals,  such  as  Fe,  Cr,  V,  Mn,  CJo,  Ti,  &c. 
Thus,  for  instance,  there  is  an  iron  potash  alum,  re2(S04)3.K2S04  +  24H2O ; 
a  chrome  sodium  alum,  Cr2(S04)8,  Na2S04  +  24H2O,  &c.  All  these  alums 
are  isomorphous  (p.  Ill)  and  form  mixed  crystals  in  any  proportions  (p.  112), 
and  since  they  are  differently  coloured  (chrome  potash  alum  has  a  violet- 
red  colour  and  iron  alum  a  deep  violet  colour)  they  may  be  superposed  in 
the  same  crystal,  forming  variously  coloured  layers.  The  constitution  of  alum  , 
may  be  more  simply  represented  by  the  following  formula : 

but  in  aqueous  solution  the  alums  have  no  characteristic  ions  of  their  own,  | 
but  show  the  reactions  of  the  component  salts  (aluminium   sulphate   and  | 
potassium  sulphate),  so  that  they  must  be  considered  as  true  double  salts 
(p.   414),    and    not    as    complex    salts,   like    the   ferrocyanides,    potassium 
ferricyanide,  &c.  (see  Iron).  ' 

Potassium  Alum,  Al2(S04)3.KaS04  +  24H2O,  is  called  common  alum,  , 
and  is  prepared  at  Tolfa,  near  Rome,  from  an  abundant  mineral,  cdumiUy  j 
which  is  a  basic  alum,  (S04)2AlK.Al(OH)s.  This  is  first  roasted  at  m'  \ 
and  then  extracted  with  hot  water,  when  the  hydroxide  remains  undissolved. 
On  concentrating  and  cooling  the  solution,  pure  Roman  alum  crystallises  in 
cubes.     Alum  is  also  prepared  from  cryolite  and  from  bauxite  or  from  aluminium 
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silicate  with  H2S04,by  adding  a  solution  of  potassium  sulphate  to  the  aluminium 
sulphate  solution  which  is  so  obtained,  and  then  allowing  the  alum  to 
crystallise. 

Potash  alum  dissolves  in  10  parts  of  cold  water  or  in  0'75  part  of  boiling 
water,  and  shows  an  acid  reaction  because  it  is  hydrolysed  (p.  239).  Alum 
heated  to  120°  loses  water, and  forms  burnt  alum  as  a  white  voluminous 
mass. 

Alum  is  used  for  the  same  purposes  as  were  mentioned  for  aluminium 
sulphate  ;  it  is  also  employed  in  medicine  and  for  hardening  plaster  of  Paris. 

STATISTICS.  Commercial  crystallised  alum  costs  £8  per  ton ;  the  refined  product, 
free  from  iron,  costs  £14,  burnt  alum  £24,  and  Roman  alum  £30.  Chrome  alum  and 
commercial  iron  alum  cost  about  £16  per  ton. 

In  1893  Italy  produced  2000  tons  of  aluminium  sulphate,  2200  tons  in  1904,  and  about 
3000  tons  in  1907  of  the  value  of  £10,760  ;  in  1909  Italy  imported  1650  tons  of  aluminium 
Hiilphate  and  alums,  and  exported  580  tons  ;  3170  tons  of  alum  were  produced  in  Italy 
in  1907,  and  2900  tons  in  1908  of  the  value  of  £13,320.  Germany  produced  2500  tons  of 
alum  and  500  tons  of  aluminium  sulphate  in  1874,  and  4460  tons  of  alum  and  3100  tons  of 
sulphate  in  1890 ;  in  1902  it  produced  50,000  tons  of  aluminium  sulphate  (4270  tons  of 
alum  and  5580  tons  of  aluminium  sulphate  in  1905)  and  in  1909  it  exported  28,600  tons. 
Austria  consumed  12,000  tons  of  aluminium  sulphate  in  1909. 


ALUMINIUM  SILICATE  (KAOLIN,  CLAY) 

CERAMIC  INDUSTRY.  Various  double  silicates  of  aluminium  and  the 
alkali  metals  occur  abundantly  in  nature  in  the  various  rocks,  leucite  (Si03)2AlK, 
albite  (8103)2 AINa.SiO,,  and  orthoclase  or  felspar  (Si03)2AlK.Si02.  On 
exposure  of  these  rocks  rain  water  removes  alkali  silicates,  and  large  deposits 
of  aluminium  silicate  are  formed  which,  when  pure  and  white,  is  known  as 
kaolin,  which  is  a  pure  aluminium  silicate,  Al203.2Si02  +  2H2O,  or: 


OH 


OAl 


O  =  Si<^  OH 

O  =  Si(         /OH 
^OAK 

'OH 


When  impure  and  transported  to  some  distance  from  the  original  rock  it  is 
coloured  brown  by  various  iron  oxides  and  forms  common  clay,  which  is  one 
of  the  principal  constituents  of  the  soil.  Pure,  finely  divided  clay  possesses 
marked  plasticity,  that  is,  it  has  the  property  of  taking  up  much  water  to  form 
a  paste  capable  of  being  moulded,  which  becomes  very  hard  and  contracts  to 
the  extent  of  20  to  40  per  cent,  on  baking  in  suitable  furnaces  and  melts  if 
the  temperature  is  sufficiently  high.  After  baking,  it  has  lost  all  plasticity,  even 
when  powderd  very  finely.  Clay  and  kaolin  constitute  the  prime  materials 
of  the  ceramic  industry  for  the  manufacture  of  bricks,  earthenware,  and 
porcelain.  However,  apart  from  plasticity,  it  should  be  refractory  to  a  high 
degree,  that  is,  it  should  resist  the  action  of  heat  without  melting,  because  in 
order  to  render  the  porcelain  hard  and  compact,  it  must  be  heated  to  very 
high  temperatures.^     Kaolin  for  porcelain  manufacture  should  not  become 

»  High  tsmperaturet  are  measured  with  electric  pyrometers  (see  Rhodium)  or  more  commonly  by  means 
of  the  Bo-c&Ued  Scger  cones,  which  are  small  lengthened  triangular  pyramicte,  6  cms.  high  and  with  a  base  of  2  cm., 
formed  of  aluminium  silicate  and  more  or  lesw  alkali  and  lime.  They  arc  stamped  with  conventional  numbers  to 
which  dcAnite  temperatures  correspond  {see  Table  on  next  page).  If  they  are  introduced  into  a  furnace  of  which 
the  temperature  is  to  be  measured,  then  by  observing  which  cone  commences  to  be  vitrified  and  then  softened; 
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coloured  on  fusion  and  should  not  effervesce  with  acids  (atwenoe  of  oarbonatee). 
Clay  for  castings,  fireclay,  pumice  stone,  Ac,  have  all  a  basis  of  aluminium 
silicate,  but  also  contain  free  siliceous  quartz  and  other  impurities.^ 

Sand  as  an  impurity  influences  the  plasticity  unfavourably,  whilst  iron  and  lime  alter 
it  very  little.  Magnesia,  and  abo  lime  to  a  lees  extent,  diminish  the  refractory  proper- 
ties.   Good  commercial  kaolin  contains  43-6  to  46  per  cent,  of  Si(^,  39  to  39-6  per  cenL 


of  AltO],  and  13  to  13-9  per  cent-  of  water.    Ceramic  materials  may  be  divided  into  two 
groups:  Compact  materials  which  are  semi-vitrificd  and  semi-fused,  translucent,  very  bard, 
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impermeable  to  water  and  do  not  adhere  to  the  tongue,  and  comprise  true  glazed 
porcelain  (soft  and  hard),  statvary  porcelain  or  unglazed  biscuit-ware,  and  stoneware, 
glazed  or  unglazed,  semi-vitrified,  but  not  semi-fused,  and  non-adherent  to  the  tongue.^ 

Porous  Ceramic  Materials  which  are  not  vitrified,  have  an  earthy  fracture, 
absorb  water,  adhere  to  the  tongue,  and  include  (1)  majolica,  with  an  opaque  superficial 
glaze  and  dark  internal  body  ;  (2)  terraglia  {fine  faience)  with  a  white,  porous  internal 
body  and  transparent  glaze  ;  (3)  coarse  earthenware,  more  or  less  coloured  with  an  opaque 
glaze  of  various  colours  ;  (4)  bricks  or  constructive  materials  of  baked  day,  unglazed  and 
refractory  ;  (5)  plaques,  tiles,  and  terra-ccUa,  ordinarily  coloured  red. 

PORCELAIN  is  manufcKstured  by  working  up  kaolin  to  a  paste  with  felspar  and  well- 
powdered  quartz  in  definite  proportions,  so  that  the  porcelain  may  become  less  porous, 
contract  less  and  take  a  better  glaze.  At  high  temperatures  in  suitable  furnaces  the  felspar 
and  quartz  melt,  and  are  incorporated  by  the  kaolin,  forming  a  very  hard  compact  mass. 
The  kaolin  is  obtained  in  a  very  fine  powder  by  means  of  systematic  levigation  ;  the 
felspar  and  the  quartz  are  rendered  more  friable  by  first  heating  them  in  a  furnace  and 
then  powdering  them  in  ball  mills  (p.  612),  or  by  submitting  the  powder  to  regular 
levigation  with  water.  The  pulverised  material  is  freed  from  iron  particles  from  the 
machinery  by  passing  it  over  magnets  during  levigation.  The  paste  is  prepared  in  various 
proportions  in  different  works,  for  example,  45  to  65  parts  of  kaolin,  10  to  30  parts  of 
quartz,  and  5  to  20  parts  of  felspar,  and  these  ingredients  are  intimately  mixed  in  large 
vats  by  stirring  with  water ;  the  homogeneous  paste  is  collected  in  filter  presses  in  a 
compact  form,  and  is  then  allowed  to  stand  for  some  time  in  a  moist  spot  where  it  undergoes 
a  kind  of  putrefaction  (maturing)  which  somewhat  increases  its  plasticity  by  the  formation 
of  colloidal  substances  (see  p.  102) ;  during  this  maturing  process  there  is  a  slow  evolution 
of  CX)2,  NH3,  and  H2S.    After  this  it  is  repeatedly  kneaded  and  rekneaded  until  it  is  ready 

nuiy  be  the  base  which  is  introdaced  if  eqaimoleeular  proportions  are  talcen,  bo  that  1  mol.  of  MgO  produces  the 
same  depression  as  1  mol.  of  CaO,  and  thus  for  eqnal  weighta  of  MgO  and  CaO  it  is  lowered  more  by  the  MgO 
because  this  has  a  lower  molecular  weight.  In  very  basic  minerals,  such  as  talc  (SMgO .  4SiO|),  the  alumina,  AltOg, 
lowers  the  melting-point.  Thus,  on  mixing  taico,  which  melts  with  S^er  cone  31,  and  kaolin  (AliO,  +  2SiOa), 
which  melts  with  cone  36,  a  product  is  obtained  which  melts  with  cone  11.  The  addition  of  silica  to  clay  lowers 
the  melting-point  (acid  silicates)  and  the  maximum  depression  is  obtained  with  a  proportion  of  1  moL  of  clay 
and  17  mols.  of  SiOs,  and  for  equal  contents  of  SiOt  that  mixture  melt«  at  a  lower  temperature  which  contains  the 
SiOt  in  a  more  finely  divided  state.  Materials  of  coarse  grain  resist  temperature  fluctuations  better  than  those 
of  fine  grain. 

In  1907  Italy  imported  8450  tons  of  fireclay  bricks  and  in  1008  6600  tons  of  the  value  of  £112,000. 

In  1909  Gennany  exported  170,000  tons  of  refractory  materials  and  imported  86,000  tons. 

Foundry  day.  The  best  qualities  contain  80  to  90  per  cent,  of  SlOt,  almost  entirely  in  the  form  of  tUiceoos 
quarts,  and  16  to  18  per  cent,  of  alumina  with  traces  only  of  lime  and  magnesia.  This  product  comes  from 
France  (Boulogne)  and  costs  2m.  6<2.  to  3«.  2d.  per  ton  on  the  spot ;  at  Milan  it  costs  £1  to  £1  4«.  per  ton,  including 
freight. 

The  days  which  are  found  in  Italy  are  of  poor  quality  and  cost  4«.  lOd.  to  9«.  8J.  at  Milan.  Near  Pavia  and 
Cavamanara  there  are  poor  qualities  of  foundry  clays  which  cost  4«.  lOd.  per  ton  at  Milan. 

Pumie^  ttone  Is  a  volcanic  mineral  forming  a  more  or  less  spongy  mass,  often  of  fibrous  stoucture  and  of  grey 
colour,  of  sp.  gr.  2*2 ;  it  is  used  for  polishing  stones  and  metals.  When  powdered  it  is  agglutinated  with  sodium 
silicate  and  then  forms  bricks  and  artificial  pumice.  In  powder  form  it  costs  £6  to  £10  per  ton ;  in  large  pieces  it 
is  much  lighter  and  costs  up  to  £20.    Italy  produced  16,000  tons  in  1908,  valued  at  £24,000. 

^  Stoneware  has  acquired  great  importance  to-day  for  the  manufacture  of  drain-pipes  and  conduits  for  impure 
liquids  of  acid  or  weakly  alkaline  reaction.  It  is  also  very  largely  used  for  the  most  varied  chemical  plant  (receivers, 
rings  for  towers,  cocks,  heating  stoves,  serpentine  coils,  various  condensing  and  distilling  plant,  dtc),  and  gene- 
rally has  a  semi- vitrified  surface  and  brownish-grey  or  yellow-brown  colour,  which  varies  according  to  the  quantity 
of  iron  silicate  contained  in  the  clay  from  which  it  Is  formed.  This  should  contain  little  or  no  calcium  carbonate, 
but  sufficient  quantities  of  fluxes  (alkali  silicates,  felspar,  and  quartz)  to  allow  the  paste  to  be  directly  exposed  to 
baking,  because  the  higher  the  fusion  point  of  these  fluxes,  the  higher  will  be  the  softening  point  of  the  day,  up 
to  S^er  cone  20,  and  if  they  are  present  it  may  fkll  to  a  much  lower  temperature  (cone  4). 

The  colour  varies  also  with  the  reducing  or  oxidising  character  of  the  flame  in  the  kiln,  being  grey  when  this  has 
a  reducing  action  and  yellow  when  it  has  an  oxidising  action,  and  the  colour  is  more  intense  with  rise  of  tem- 
perature. The  best  qualities  of  clay  for  stoneware  are  found  in  Germany  along  the  Bhine  and  the  Blbe  and  in 
Nassau ;  much  is  also  found  in  Bohemia,  and  it  is  not  lacking  in  various  parts  of  Italy,  but  is  of  Inferior  quality. 
The  composition  varies  considerably,  but  may  be  corrected  by  levigation  or  by  addition  of  fatter  or  leaner  day 
and  also  by  addition  of  chamotte  powder  (tee  preceding  Note) ;  the  chemical  composition  generally  varies  between 
the  following  limits :  SiO|  60  to  70  per  cent.,  AltO,  20  to  26  per  cent.,  FetO,  0*8  to  1*8  per  cent.,  OaO  +  Mgo 
0'6  to  1*2  per  cent.,  K,0  +  Na,0  1*6  to  3-6  per  cent.,  HtO  4  to  9  per  cent,  (together  with  organic  matter).  The 
best  days  approximate  to  70  per  cent,  of  SiOt  and  22  to  23  per  cent,  of  AlsOs.  The  ware  is  baked  in  the  same 
manner  as  porcelain,  and  in  order  to  obtain  the  surface  glaze  sodium  chloride  is  thrown  into  the  furnace  or  into 
the  gases  during  burning  towards  the  end  of  the  baking  when  the  furnace  has  a  temperature  of  7-8  Beger 
cone.  The  sodium  chloride  is  decomposed  by  the  steam  in  the  gases  into  HCl  and  NaOH.  This  latter  forms  a 
mist  which  covers  the  surface  of  the  stoneware  objects  and  vitrifies  it,  forming  an  alkali  aluminium  silicate.  The 
vitrification  may  also  be  obtained  by  dipping  the  unbaked  ware  into  a  glaze  consisting  of  a  suspension  of  brick 
clay  and  a  little  limestone,  or  of  a  pulverised  mixture  consisting  of  17  parts  of  felspar,  7  parts  of  marble,  6  parts 
of  kaolin,  and  11  parts  of  quartz.  On  baking  at  1300"  to  1400^*  the  articles  should  undergo  practically  no 
alteration  of  shape  if  the  raw  materials  are  homogeneous  and  of  good  quality.  The  finished  and  baked  ware 
should  show  no  efllorescence  on  the  surface  when  filled  with  water,  even  after  20  or  30  days. 
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for  modcHing.  which  is  carried  out  with  various  inatrumeiite  and  perfected  machinerj- 
which  »Uow  the  work  to  be  performed  rapidly  and  exacUy— wheels,  moulds,  &c.  The 
modelled  objoota  are  allowed  to  dry  slowly  in  the  air,  and  then  undergo  a  first  baiting 
in  suitable  furnaces  so  that  they  may  acqiure  a  certain  degree  o£  hardness,  after  which  they 
arc  more  readily  handled  and  glazed.  A  type  of  furnace  commonly  used  is  that  iUuatrated 
in  section  in  Fig.  239,  and  contains  three  floors  communicating  with  one  another  by  flues 
left  open  in  the  vaults.  In  the  upper  floor.  A,  the  first  baking  of  the  porcelain  is  oained 
out  by  setting  it  down  cautiously  in  boxes  of  refractory  clay  covered  and  placed  on  one 
another  m  stacks  in  such  a  way  that  the  gases  from  the  he^th,  e,  do  not  stain  the  articles. 
In  this  chamber  the  temperature  reaches  900°,  wid  this  suffices  to  remove  all  the  chemicaJly 
combined  water  from  the  porcelain.  When  the  objects  have  cooled  they  are  removed  from 
the  chamber  and  are  glazed  in  a  bath  containing  an  aqueous  suspension  of  a  powder«i 
misture,  the  glaze  or  enamel,  com- 
posed of  kaolin  or  felspar,  aand,  and 
marble. 

The  components  of  the  glaze 
melt  at  the  temperature  at  which 
the  porcelain  is  baked,  forming  an 
enamel  which  become*  tranapftfent 
and  hard  in  the  cold.' 

The  objeotfl  are  then  placed  in 
their  respective  clay  boxes  and 
arranged  in  stacks  in  the  two  other 
chambers  of  the  furnace,  B  and  C. 
It  is  necessary  to  carefully  regulate 
the  temperature,  and  also  still  more 
the  nature  of  the  gas  which  is  used 
for  heating  the  porcelain.  The  fur- 
naces are  heated  witli.wood  or  coal 
by  means  of  five  hearths  (e)  on  each 
floor.  To-day  Siemens'  regenerative 
furnaces  are  often  used  (p.  GOO)  and 
;  allow  an  almost  white  heat  to  be 
attained.  Before  reaching  this  t*m- 
perature,  however,  the  gases  should 
be  of  a  reducing  character  in  order 
to  destroy  the  yellowish  colour  of 
the  porcelain  due  to  iron  oxide 
FejO,,  but  at  certain  periods  th.; 
gas  should  be  sUghtly  oxidising  in 
Flo.  239.  character     in    order    to    bum     the 

caibon  which  is  enclosed  in  the 
material.  The  temperatures  arc  nowadays  exactly  determined  by  means  of  electric 
pyrometers  which  read  the  temperature  of  the  kiln  at  any  moment,  even  at  a  distance. 
The  kilns  are  to-day  constructed  of  refractory  material  and  work  continuously,  and  when 
one  chamber  is  heating  the  other  is  cooling,  whilst  the  third  is  discharged  and  recharged. 
The  cooled  material  is  removed  and  is  checked  in  order  to  remove  defective  pieces  from 
those  which  are  satisfactory. 

Egg-shell  porcelain  is  much  used  in  France  and  in  England.  It  does  not  contain 
kaoUn.  but  is  formed  of  a  vitreous  mass  consisting  of  an  alkali  eaith  silicate  which  is 
covered  with  a  lead  glaze  of  the  same  composition  as  flint  glass.     It  melts  easUy  and  has 
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the  appearance  ol  a  milky  glass,  traDslucent  and  dovitrified.  It  is  obtained  by  mixing 
60  parts  of  sand,  23  of  potassium  nitrate,  7  of  sodium  chloride,  3-5  of  soda,  3-6  of  gypsum, 
and  3-5  of  burnt  almn.  This  miiture  is  heated  (Jritted),  and  the  product  is  pulverised  and 
mixed  with  17  per  cent,  of  chalk  and  8  per  cent,  of  marl  (aluminium  aihcate  mixed  with 
calcium  carbonate).  Egg-shell  porcelain,  glazed  or  unglazed,  is  used  for  many  ornamental 
objects  and  is  better  suited  than  hard  porcelain  for  coloration  in  very  varied  tint«. 

Bricks  and  Tiles  are  to-day  manufactured  with  the  help  of  highly  perfected 
maehinery.  Comparatively  impure  and  coloured  day  is  more  or  less  suitable  for  the 
manufacture  of  bricks.  Chalky  clay,  which  contains  much  calcium  carbonate  and  gypsum, 
forois  bricks  which  change  their  volume  greatly  in  the  kiln,  as  they  lose  COj  and  UsO, 
but  then  swell  up  and  crumble  on  exposure  to  the  air.  The  composition  of  clay  for  bricks 
should  be  within  the  following  limits :  SiOj,  43  to  61  per  cent. ;  Al^Og,  23  to  39  per  cent.  ; 
MgO,  0  to  1-5  per  cent.  ;  CiO,  0  fo  1  per  cent.;  FejOj,  0  to  2-5  per  cent.  ;  NftjO  +  KjO, 
0  to  5  per  cent.;  SOg  (oe  sulphates),  0  to  2  per  cent.;  loss  on  ignition  (COi,  &o.}, 
7-35  to  18  per  cent.  Fragments  of  small  siliceous  pebbles  are  harmful  as  they  swell  during 
baking  and  then  burst  the  bricks.     Pyrites  is  also  harmful  because  the  iron  sulphide  which 
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ia  formed  in  the  kiln  becomes  oxidised  to  the  soluble  sulphate  in  the  air,  and  the  bricks 
become  friable.  One  cubic  metre  of  clay  weighs  1-6  tons.  After  the  jweparatiou  and  maturing 
of  the  clay  it  is  worked  to  a  paste  and  the  mixture  is  shaped  into  bricks,  which  operation 
■  is  now  carried  out  by  highly  perfected  machinery  which  we  cannot  describe  here.  The 
crude  bricks,  after  drying  in  the  air  or  in  hot  gases,  are  baked  in  suitable  kilns,  either 
open  or  closed,  which  at  one  time  worked  intermittently,  but  are  now  generally  worked 
continuously.  Of  late  years  the  annular  kiln  of  HofFmami  (1S60)  has  been  much  used 
and  has  undergone  many  improvements.  In  Fig.  240  wc  see  it  in  section,  ond  at  the  bottom 
to  the  right  is  a  transverse  section  of  the  chambers,  8-13,  or  B,  and  to  the  left  a  longitudinal 
section  of  the  kiln  which  has  fourteen  chambers,  1  to  14,  forming  a  long  single  pas-sage  in 
which  the  wails  dividing  one  chamber  from  the  othpr  are  removed  provisionally  when  one 
or  the  other  is  to  be  emptied  or  filled  with  the  material.  Each  chamber  has  a  door 
Ci  **  'it)'  ^nd  at  the  diagonally  opposite  corner  an  outlet  flue  (r,  to  Tu)  for  the  gaaos, 
with  an  opening  adjustable  by  the  valve,  7,  leading  into  a  common  flue,  R,  which 
carries  the  products  of  combustion  to  the  chimney,  E.  Of  the  14  chambers,  12  are  charged 
with  bricks  (each  of  them  being  capable  of  holding  more  than  10,000),  whilst  one  chamber, 
for  example,  No.  I,  stands  empty,  and  thelast  one,  for  example,  No.  14,  \a  being  charged.  If 
an  iron  dividing  wall  is  introduced  between  chambers  13  and  14,  and  all  the  doors,  (j  to 
ti,,  and  all  the  flues,  r,i,  r,  .  ,  .  ru,  shut  down,  the  door,  (j,  and  the  flue,  r,j,  being  left 
open,  then  the  chimney,  E,  will  draw  in  a  current  of  gas  and  air,  which,  entering  through 
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the  door,  ti,  vnUl  pass  into  the  chamber,  Ai,  then  into  ^3  ...  up  to  chamber  12,  and 
will  then  escape  along  the  flue,  ri^,  and  reach  the  chimney. 

The  current  of  gas  cannot  travel  in  the  opposite  direction,  because  the  wall  between  13 
and  14  is  closed,  whilst  all  the  other  chambers  are  without  dividing  walls. 

The  heat  is  produced  from  wood  or  coal  which  is  introduced  into  several  vertical 
channels,  JP,  in  the  vault  of  each  chamber »  and  the  gas  and  the  air  which  enters 
cold  at  t,  cool  the  already  baked  material  and  enter  hot  into  the  first  chamber,  and  thus 
in  turn  the  gases  get  continually  hotter,  so  that  near  chamber  8  they  acquire  a  maximum 
temperature  which  suffices,  together  with  the  fuel,  to  bake  the  bricks  in  the  sucessivee 
furnaces.  Work  is  continuous,  because  with  one  movable  door  one  may  successively 
isolate  one  chamber  for  discharging  and  another  for  charging.  The  Hoffmann  kiln  has 
imdergone  various  small  modifications,  but  the  fundamental  principle  on  which  it  is  based 
is  always  the  same. 

For  several  years  this  same  furnace  has  also  been  applied  in  the  hydraulic  cement 
industry,  for  which  very  high  temperatures  are  required,  higher  than  those  which  are 
necessary  for  the  preparation  of  bricks  {see  below). 

The  more  or  less  red  colour  of  bricks  is  due  to  the  greater  or  smaller  amount  of  iron 
oxide  in  the  clay.  The  tile  industry  has  undergone  notable  improvements  of  late  years, 
and  Upper  Italy  has  already  started  an  important  export  trade  which  is  certain  of  a 
successful  future. 

STATISTICS.  Considerable  quantities  of  kaolin  are  also  employed  as  a  weighting 
material  in  the  manufacture  of  paper.  In  Italy  there  are  deposits  of  kaolin  in  the  pro- 
vinces of  Saluzzo,  Novara,  Vincenza  (at  Tretto  near  Schio),  Gvitavecchia  (at  Tolfa),  Pisa, 
Bologna,  and  in  Sicily.  These  kaolins  are  well  adapted  for  the  preparation  of  white 
majolica^  and  15,500  tons  were  produced  in  Italy  in  1902,  whilst  that  required  for  hard 
porcelain  was  imported  from  England.  In  1902  about  14,000  tons  of  the  value  of  £2200, 
in  1907  16,534  tons,  in  1908  22,877  tons,  and  in  1909  22,900  tons  of  the  value  of  £^8,496 
were  imported  ;  four-fifths  of  this  came  from  England,  which  supplies  the  best  qualities. 
Germany  imported  248,736  tons  of  kaolin  in  1909  and  exported  27,000  tons. 

The  ceramic  industry  is  continuously  progressing  in  Italy,  and  whilst  in  1885  earthenware 
and  porcelain  to  the  value  of  more  than  £120,000  were  imported,  in  1901  the  imports  dimi- 
nished to  less  than  £80,000,  over  and  above  an  internal  production  of  more  than  £600,000, 
of  which  £320,000  is  provided  by  the  works  of  Richard-Ginori  at  Florence  and  Milan  alone, 
which  is  the  most  important  in  the  world,  especially  for  artistic  warb  and  for  ceramic 
paintings.  In  1 903  Italy  produced  23,000  tons  of  refractory  materials  and  stoneware  (25,500 
tons  in  1908  of  the  value  of  £68,000),  36,000  tons  of  majolica  and  common  earthenware  (in 
1908  more  than  £540,000,  and  2280  tons  of  majoUca  and  artistic  ceramic  ware  for  £67,240), 
and  4000  tons  of  porcelain  (the  exports  of  porcelain  in  1908  were  worth  £143,520).  In  1904 
1400  tons  were  imported  at  £80  per  ton,  and  2400  tons  were  exported  of  the  value  of  £15,200. 

The  ItaHan  imports  were  10,200  tons  of  stoneware  in  1907,  9500  tons  in  1908,  and 
8500  tons  in  1909  of  the  value  of  £9600,  one-fifth  of  which  was  fine  stoneware,  and  the 
exports  were  224  tons  in  1909 ;  the  imports  of  majolica  were  1050  tons  in  1907, 
1350  tons  in  1908,  and  850  tons  in  1909  of  the  value  of  £9440.  The  exports  were 
320  tons  in  1907,  310  tons  in  1908,  and  225  tons  in  1909  of  the  value  of  £3600.  The 
imports  of  pottery  were  820  tons  of  white  and  7414  tons  of  coloured  and  ornamental 
pottery  in  1907,  115  tons  of  white  and  804  tons  of  coloured  and  ornamental  in  1909  of  the 
value  of  £60,000  ;  the  exports  in  the  same  years  were  448,  348,  and  538  tons  of  white,  and 
1817,  1357,  and  446  tons  of  coloured  and  decorated  respectively  of  the  value  of  £18,400 
altogether  in  1909  ;  the  imports  of  white  porcelain  were  always  about  1850  tons  of  the  value 
of  £84,000,  and  of  coloured  and  decorated  porcelain  about  1000  tons  of  the  value  of  £84,000 ; 
the  exports  were  about  120  tons  of  white  and  90  tons  of  decorated,  of  the  value  of  £14,800 
altogether. 

In  1909  Italy  imported  only  900  tons  of  bricks,  tiles,  &c.,  and  5000  tons  of  terra-cotta 
of  the  value  of  £42,000,  whilst  the  exports  were  12,500  tons  of  bricks  and  common  and  glazed 
tiles  in  1907  and  8000  tons  in  1909  of  the  value  of  £34,400. 

The  Italian  production  of  bricks  and  tiles  in  1908  was  6,087,380  tons  of  the  value  of 
£2,064,680,  and  that  of  terra-cotta  (stoves,  pipes,  flower  vases,  &c.)  was  80,100  tons  of  the 
value  of  £281,120  (in  1890  the  production  of  these  articles  was  3,600,000  tons,  and  in  1903 
4,793,000  tons). 
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ARTIFICIAL  BRICKS  AND  STONES  ( Arenaiite  or  siliceous -argillaceous -calcareous 
stone).  ThisiudnstiyhM  nowacqiured  great  importance  in  various  ODuntrios  after  twenty 
Tears  of  experiment  and  persistent  work,*  and  it  will  certainly  not  be  long  before  it  also 
develops  in  Italy  where  there  are  already  two  works.  Of  the  numerous  patents  which 
DOW  exist,  those  based  on  the  Girard-Meurer  process  possess  special  industrial 
importance. 

When  intimately  mixed  and  compressed,  lime  and  silica  combine  rapidly  under  the 
simple  action  of  high-pressure  steam,  forming  a  compact  mass  of  calcium  silicate  which  is 
more  or  less  hydrated. 

Girard  improved  the  materials  by  adding  a  very  small  quantity  of  raw  clay  which  gives 
a  harder  stone  in  a  shorter  time.  The  artificial  stones  are  thus  siliceous-argillaceous- 
calcareous  agglomerates,  forming  a  hardened  hydraulic  cement  under  the  action  of  high- 
pressure  ateam. 

Powdered  quicklime  is  used  in  the  proportion  of  1  part  of  lime  to  about  10  puts  of  hot, 
dry,  siliceous  sand ;  a  little  powdered,  raw  clay  (not  calcined ;  to  the  extent  of  about  3  per 
cent,  of  the  lime)  is  then  a^ded,  and  after  moistening  with  hot  water  (30  per  cent,  of  the 
weight  of  the  Ume  in  order  to  just  obtain  the  hydroxide)  tlie  whole  is  well  mixed  and  a 
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further  7  per  cent,  of  the  total  weight  of  hot  water  is  added  in  order  to  enable  bricks 
of  compact  form  to  be  more  easily  obtained  in  the  presses.  On  removal  from  the  press, 
the  bricks  are  arranged  on  cars  and  inteoduced  into  suitable  furnaces  in  which  they  are 
exposed  to  high-pressure  steam. 

In  order  tliat  the  final  result  should  be  good,  it  is  indispensable  that  the  quicklime 
should  be  completely  slaked  and  that  the  physical  nature  of  the  sand  (fineness  and  the 
round  or  jagged  form  of  its  particles,  Ac.)  should  be  taken  into  account.  In  the  case  of 
fine  quartzose  sand,  a  comparatively  small  quantity  of  lime  is  needed. 

An  excess  of  lime  must  be  avoided  because  if  this  remains  unaltered,  it  absorbs  00^ 
from  the  air  and  deteriorates  the  quality  of  the  bricks.  When  these  have  been  moulded, 
they  should  not  remain  exposed  to  the  air,  but  should  immediately  be  treated  with  steam 
undra  pressure. 

The  necessary  arrangements  are  shown  diagram matically  in  Fig.  241.  The  hot  material 
is  carried  to  the  liopper,  a,  in  cars,  p  and  q  ;  from  these  it  passes  into  the  mixer,  b,  and  thence 
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along  the  elevator,  c,  and  an  endless  band,  d,  to  the  vessel,  e,  from  which  the  homogeneous 
mixture  passes  into  moulds  in  order  to  be  strongly  compressed  in  the  press,  /.  The  bricks 
which  are  thus  compressed  are  loaded  on  to  cars,  n,  and  passed  into  the  furnaces,  h,  which 
now  consist  of  horizontal  iron  autoclaves  up  to  20  metres  in  length  and  2  metres  in  diameter, 
into  which  compressed  steam  at  a  pressure  of  8  to  10  atmospheres  is  introduced  through 
the  pipe, ».  After  8  to  10  hours  the  reaction  is  complete  and  the  bricks  are  immediately 
ready  for  use  (they  are  placed  in  the  furnace  in  the  morning,  the  steam  is  let  off  in  the  evening 
and  they  are  removed  on  the  following  morning).  In  order  to  increase  the  compactness  of 
the  surface  of  these  bricks,  they  are  exposed  to  the  action  of  hydrofluoric  acid  vapours, 
or  are  immersed  in  a  solution  of  HF,  and  an  extremely  hard  surface  layer  of  calcium 
fluoride  is  thus  formed,  which  resists  the  action  of  moisture,  carbon  dioxide,  &c.^ 

The  advantages  of  these  artificial  stones  consist  in  the  great  regularity  of  shape,  without 
deformation,  and  of  resistance  to  pressures  of  400  kilos  and  more  per  square  centimetre  ; 
they  may  also  be  employed  for  work  imder  water  ;  they  are  bad  conductors  of  heat,  very 
resistant  to  fire,  as  hard  as  cement,  are  able  to  be  painted  or  varnished  directly,  and  can  be 
used  immediately  after  manufacture  ;  they  absorb  less  water  than  ordinary  bricks  and 
dry  rather  more  rapidly.  Light  artificial  bricks,  either  compact  or  perforated,  are  now 
produced  with  infusorial  earth  (kieselguhr). 

The  installation  of  a  works  for  manufacturing  such  stone  costs  less  than  that  of  a  brick- 
kiln and  requires  less  space  and  less  manual  labour.  The  price  of  100  bricks  of  the  ordinary 
size  (6  X  13  X  26  cm.)  varies  from  9«.  Id.  to  12«.  lOd,^  The  works  in  Berlin  and  neigh- 
bourhood annually  produce  400,000,000  arenolite  bricks. 

HYDRAULIC  MORTAR  AND  CEMENT 

In  almost  all  modern  brickwork  construction  the  employment  of  hydraulic  mortar 
and  cement  is  continually  acquiring  greater  importance,  not  only  for  special  work  under 
water,  but  partially  for  replacing  ordinary  mortar.  In  the  hardening  of  mortar  (p.  490) 
we  have  seen  that  the  silica  of  the  sand  does  not  take  part  except  to  an  insignificant 
extent,  and  that  the  hardening  depends  almost  exclusively  on  the  action  of  (X)2  on  lime 
with  formation  of  hard  calcium  carbonate. 

But  if,  on  the  other  hand,  ordinary  limestone  containing  a  little  clay  and  sand  is  heated 
to  a  temperature  much  below  its  melting-point,  and  the  resulting  lime  then  quenched 
with  a  little  water,  reducing  it  to  powder,  then  on  heating  gently  it  hardens  very  quickly 
without  any  considerable  increase  in  volume  and  forms  hydraulic  cement.  The  proportion 
between  the  clay  (aluminium  silicate)  and  the  lime  is  called  the  hydraulic  index  (see  below), 
and  this  in  the  case  of  weakly  hydraulic  cements  (which  give  a  residue  of  10  to  15  per.  cent, 
with  acids)  formed  from  limestone  with  6  to  8  per  cent,  of  clay  oscillates  between  0-10 
and  0*15  ;  for  medium  hydraulic  cements  yielding  15  to  20  per  cent,  of  residue  with  acids 
and  produced  from  limestone  containing  8  to  15  per  cent,  of  clay,  it  varies  from  0-15  to 
0-30  ;  for  common  hydraulic  cements  yielding  a  residue  of  20  to  25  per  cent,  with  acids 
and  formed  from  limestone  containing  15  to  19  per  cent,  of  clay,  the  hydraulic  index  varies 

^  In  the  preparation  of  bricks  by  Michaelis'  process,  that  is,  by  treatment  with  compressed  steam,  it  has  been 
observed  that  the  amount  of  silica  which  combines  with  the  lime  to  form  calcium  hydrosillcate  increases  with 
the  pressure,  and  that  at  10  atmospheres  twice  as  much  is  combined  as  at  6  atmospheres.  When  fine  sand  i? 
used,  twice  the  amount  of  combined  silica  (7  Ik)  8  per  cent.)  is  obtained  as  when  coarse  sand  is  used  (3  to  4  per 
cent.).  In  any  case,  however,  only  half  the  sand  which  is  employed  takes  part  in  the  reaction,  but  the  amount 
which  reacts  may  be  increased  slightly  by  compressing  the  bricks  very  strongly  and  employing  fine  sand.  The 
hardness  of  the  bricks  is  proportional  to  the  quantities  of  combined  silica  and  of  uncombined  lime,  which  in  the 
course  of  time  is  transformed  into  carbonate.  The  use  of  superheated  steam  (200**)  is  not  found  to  offer  an)' 
advantage. 

In  the  manufacture  of  artificial  stone  by  NcfTgen's  process  (the  action  of  steam  for  3  to  6  days  without 
pressure  at  00  to  90-5°)  it  has  been  observed  ttiat  only  0-5  to  1  per  cent,  of  the  silica  combines,  whether  little  or 
much  lime  is  used,  or  whether  the  sand  is  fine  or  coarse,  or  whether  the  steam  acts  for  a  longer  or  shorter  time. 
The  hardening  these  afterwards  acquire  is  due  to  the  formation  of  carbonate. 

In  either  case  the  addition  of  clay  does  not  appear  to  be  of  any  advantage ;  in  fact  the  addition  of  any  otbtY 
ingredient  to  the  mixture  of  lime  and  silica  is  generally  liarmful  or  superfluous.  The  employment  of  lime  produced 
from  dolomitic  materials,  that  is,  materials  rich  in  magnesia,  does  not  matter,  and  only  causes  the  cooling  to  be 
a  little  slower.  Apart  from  pure  fat  limes,  excellent  results  have  also  been  obtained  with  medium  hydraulic  InDfn, 
for  example,  with  one  containing  12  per  cent,  of  SiO,,  1-85  per  cent,  of  FctOs,  8-10  per  cent,  of  AlsOa,  70-6  per  cent, 
of  CaO,  0-61  per  cent,  of  MgO,  and  3  per  cent,  of  COj,  water,  *c. 

*  A  works  for  the  production  of  50,000  artificial  bricks  daily  would  cost  about  £12,000  in  all,  and  the  daiJr 
expenditure  would  be  as  follows  :  150  cu.  metres  of  sand,  12«. ;  12  cu.  metres  of  Hme,  £5  12«. ;  2*8  tons  of  coal. 
£3  12«. ;  lubricants,  repairs,  and  various  expenditure,  £1  I2s. ;  40  workmen,  £4  16s. ;  supervision,  administration, 
general  expenditure,  Ac,  £2 ;  amortisation  and  intercj^t,  £4  12«. ;  daily  total  £20,  so  that  each  1000  bricks  will 
cost  about  11».  7rf.     (The<*c  figures  add  up  incorrectly. — Translator.) 
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between  0-30  and  0-42,  whilst  for  strongly  hydraulic  cements,  yielding  up  to  30  per  cent, 
of  residue  with  acids,  the  index  varies  from  0*40  to  0*45,  and  they  are  obtained  from  limestone 
containing  19  to  21  per  cent,  of  clay. 

Above  these  limits  we  enter  the  category  of  true  cements  which  harden  more  rapidly 
and  strongly  and  are  produced  by  heating  argillaceous  limestone,  marls,  &c.,  or  from 
artificially  prepared  but  chemically  similar  mixtures. 

The  Hydraulic  Cement  of  Palazzolo  on  the  Oglio  is  obtained  from  a  deposit  in 
a  hill  on  the  lake  of  Iseo.  It  is  placed  in  kilns  similar  to  lime-kilns  and  mixed  with  12 
to  14  per  cent,  of  coal.  Burnt  lime  more  or  less  rich  in  free  calcium  oxide  is  formed 
at  the  bottom,  mixed  to  form  a  conglomerate,  that  is»  partially  semi-molten  into  lumps. 
It  is  placed  in  heaps  and  then  moistened  after  one  or  two  days  with  a  little  water  in 
order  to  slake  the  quicklime,  remixed,  then  heated  till  it  swells  and  falls  to  powder,  and 
then  after  7  to  10  days  it  is  passed  into  a  stamp  and  then  to  mills  (tube  mills,  see  helow. 
Cement).    This  hydraulic  lime  is  sold  at  12a.  per  ton. 

In  1906  Italy  produced  466,000  tons  of  hydraulic  cement  of  the  value  of  £289,600,  and 
in  1908  481,000  tons  ;  the  exports  were  1230  tons. 

We  have  already  seen  in  connection  with  the  production  of  arenolit«  that  lime  combines 
with  silica  with  formation  of  calcium  hydrosilicate  if  the  mixture  is  heated  in  presence  of 
steam  under  pressure,  but  if  heated  until  they  commence  to  fuse,  certain  rocks  formed  of 
aluminium  silicate  and  calcium  carbonate  (calcareous  marls)  liberate  CO2  from  the  limestone, 
and  a  mixture  (cement)  of  calcium  silicate  and  aluminate  remains,  which  is  more  or  less 
basic  and  capable  of  being  rapidly  decomposed  by  water,  forming  a  very  hard  mass  : 

6CaO  -H  AlgSigOy  «  2Ca2Si04  -H  CagAlgOg. 

With  water  this  mixture  reacts  as  follows  : 

(a)       CajjAlaOa  -h  SHgO  =  2Ca(0H)j  -H  Alj(0H)6 
(6)         CajjSiO*  +  2H2O  =.  CaHaSiO*  -H  Ca(0H)2. 

If  the  hardening  of  cement  takes  place  in  the  air,  the  calcium  hydroxide  which  is  formed 
combines  with  the  CO2  of  the  air  and  forms  calcium  carbonate.  Cements  are  partially 
attacked  by  mineral  acids,  but  less  by  sulphuric  acid  {see  below,  Theory  of  the  Setting  of 
Cement). 

NATURAL  CEMENTS.  In  ancient  times  mortars  for  use  under  water  were  already 
known,  and  the  Romans  used  the  volcanic  material  of  Pozzuoli  and  other  places  (from  the 
neighbotu'hood  of  Viterbo,  &c),  the  terra  di  SarUorino  (a  Greek  island),  and  the  trass  which 
abounds  in  the  Rhine  Provinces.*^  After  the  time  of  the  Romans  these  natural  hydraulic 
cements  were  no  longer  used  for  many  centuries,  and  it  was  only  in  1841  that  Weiler 
showed  the  importance  of  the  earth  of  Santorino  for  the  preparation  of  modem  cements. 
These  products,  which  are  generally  known  as  hydraulic  cements,  do  not  harden  under 
water,  even  if  finely  powdered,  but  acquire  this  property  on  mixing  them  with  fat  limestone, 
without  the  necessity  for  previous  baking.  For  instance,  1  part  of  the  natural  cement 
may  be  mixed  with  1  to  2  parts  of  lime  and  1  part  of  sand. 

ROMAN  CEMENT.  This  product  is  obtained  by  calcining  argiUaceous  limestone 
containing  much  silica  in  continuous  furnaces  mixed  with  coke,  but  maintained  at  a  tem- 
perature lower  than  that  of  a  lime-kiln  and  always  below  the  melting-point  of  the  mixture. 
In  this  way  all  the  CO2  is  driven  off,  but  the  whole  of  the  lime  should  not  combine  with  the 
silica  and  alumina.  Since  the  ground  and  finished  product  contains  uncombined  calcium 
oxide,  it  becomes  slightly  heated  on  mixing  it  with  water  but  hardens  rapidly,  even  in 
fifteen  minutes,  though  it  gives  a  product  which  is  less  resistant  than  Portland  cement. 
For  masonry  which  is  to  be  constantly  covered  by  water  it  is  used  in  the  pure  state,  but  for 

*  The  compositiona  of  these  three  products  which  form  natural  cements  are  as  follows  : 
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other  work  it  is  mixed  with  from  1  to  6  parts  of  sand.  The  composition  of  Roman 
cement  ordinarily  varies  within  the  following  limits :  SiOs,  13  to  29  per  cent. ;  AI2O3  +  FegO,. 
10  to  20  per  cent.  ;  CaO,  40  to  58  per  cent.  ;  MgO,  2  to  5  per  cent. 


NATURAL  AND  ARTIFICIAL  PORTLAND  CEMENT 

In  1756  J.  Smeaton  perceived  that  all  burnt  cements  which  contained  alumina  and 
silica,  which  were  thus,  therefore,  only  partly  soluble  in  nitric  acid,  differed  from  ordinary 
limestones  and  mortars  through  the  property  of  hardening  even  under  water  ;  this  important 
observation  was  confirmed  and  applied  practically  by  J.  Parker  in  1796.  From  that  time 
attempts  were  made  in  many  countries  to  discover  natural  cements,  and  very  important 
deposits  were  actually  found,  especially  in  France,  England,  and  Belgium.  In  the  Grenoble 
mountain  a  seam  4^  metres  thick  was  discovered,  which  from  1842  until  to-day  has 
furnished  the  famous  cement  of  the  Porte  de  France.^ 

So  far  only  natural  cements  obtained  by  burning  argillaceous  limestone  had  beenused,^ 
but  Vicat  in  France  showed  by  a  series  of  experiments,  started  in  1812  and  continued  for 
many  years,  that  still  better  cements,  which  set  more  rapidly,  could  be  prepared  artificially 
from  mixtures  of  suitable  chemical  composition.     Important  practical  applications  of 

^  In  Italy  the  first  and  most  important  region  where  cement-forming  materials  were  found  is  that  of  Gasale 
Monferrato  where  more  or  less  hydranlic  mortar  has  been  prepared  from  time  immemorial.  In  1850  there  were 
10  cement  Victories  in  work  at  Gasale,  and  the  production  was  al>out  5000  tons  per  annum,  but  the  first  rational 
cement  furnace  was  constructed  in  1850  by  Costantino  and  Ubaldo  Cerrano  when  the  railway  to  Oasale  wm 
constructed. 

The  prime  material  was  obtained  from  the  hills  of  Gasale,  Pontestura,  and  especially  of  Ossano,  where  the 
better  limestone  was,  mixed  with  layers  of  siliceous  limestone  (marly  limestone),  from  which  it  was  carefully 
separated,  and  the  siliceous  material  was  thrown  away.  It  was  only  later,  about  the  year  1876,  that  the  manu- 
facture of  true  Portland  cement  was  started  by  utilising  precisely  that  same  siliceous  and  marly  material  which 
had  been  thrown  away  for  so  many  years. 

It  was  mainly  on  the  initiative  ot  O.  Gerrano  and  P.  Sosso  that  the  "  Socletk  anonima,  fabbrlca  calci  e  cementj." 
of  Oasale  Blonferrato,  was  founded  in  1873,  and  in  time  became  the  most  important  works  in  Italy  for  the  production 
of  natural  slow-setting  Portland  cement,  producing  50,000  tons  in  1007.  The  share  capital  of  this  concern  is 
£200,000.  Gasale  cement  has  a  tendency  to  set  rather  too  rapidly,  and  is  therefore  corrected  during  manufacture 
by  the  addition  of  2  to  3  per  cent,  of  gypsum.  The  importance  of  the  Portland  cement  Industry  in  Italy  to-day  is 
shown  by  the  statistics  given  later. 

The  surface  of  available  limestone  in  Gasale  has  been  estimated  at  about  20  sq.  kilometres,  but  of  late  yean 
other  important  deposits  have  been  found  below  those  of  Gasale,  Ozzano,  and  Pontestura.  These  various  deposits 
are  superposed  and  were  formed  at  various  epochs,  separated  by  centuries,  at  the  bottom  of  a  prehistoric  sea, 
were  then  dislocated  and  raised  by  cataclysms  and  earth  movements,  and  to-day  the  stratifications  of  the  Gasale 
hill  dip  at  an  angle  of  40*  to  60"  to  the  horison.  The  various  banks  of  argillac^us  limestone  which  form  the 
available  seams  are  4  to  6  metres  thick,  and  of  graduated  composition,  which  ranges  from  a  marl  for  hydraulic 
cements  with  limestone  of  micro-crystalline  structure,  to  a  more  siliceous  marl  for  slightly  hydraulic  cements  and  s 
very  argillaceous  limestone  and  finally  clay  of  earthy  appearance.  They  do  not  contain  free  silica  and  the  com- 
bined silica  is  always  present  in  double  the  quantity  of  the  alumina  and  iron.  The  ratio  between  the  clay  and 
calcium  carbonate  is  very  variable  and  the  deposits  are  richest  in  clay  at  the  lower  part,  and  thus  various  qualities 
of  limestone  are  obtained  which  are  called  by  various  local  names :  nuirmorina  (the  richest  in  limestone),  duru, 
battardeUa,  moUet  magra  (the  richest  in  clay),  dc. 

During  the  first  few  years  the  most  advantageously  placed  deposits,  that  is,  those  nearest  the  sur&ice,  were 
exploited  or  excavated  to  a  depth  of  a  few  dosen  metres  into  the  same.  For  some  years  past,  however,  the  exploita- 
tion of  the  less  accessible  seams  has  been  started  by  excavating  galleries  several  hundred  metres  long  and 
shafts  down  to  a  depth  of  100  metres.  For  this  reason  the  prime  material  costs  more  than  double  that  which  was 
at  first  obtained,  namely,  up  to  6«.  5d.  per  ton  at  the  works. 

It  is  generally  considered  that  the  Gasalese  deposits  belong  to  the  upper  layers  of  the  eocene  period,  and  it  is 
probable  that  they  originally  had  a  thickness  of  1000  metres  or  more.  It  is  now  maintained  by  others  that  these 
deposits  do  not  belong  to  the  eocene,  but  to  the  miocene  period,  and  they  deduce  this  from  the  fact  that  imprints 
of  fossil  shells,  characteristic  of  the  latter  period,  are  sometimes  discovered  in  the  seam.  These  imprints  are,  howevo^, 
extremely  rare  and  certainly  doubtful.  Others  also  do  not  admit  that  the  actual  position  of  these  seams  Is  doe 
to  upward  displacement  due  to  earth  movements,  but  to  other  causes  which  have  not  yet  been  properly 
determined. 

Not  long  ago  a  calcareous  deposit  was  discovered  in  Dalmatia,  suitable  for  slow  cements.  According  to  the 
geologists,  this  also  belongs  to  the  eocene  period  and  differs  from  the  Gasale  deposits  in  the  fact  that  these  seams 
are  20  mstres  thick  and  are  considerably  more  homogeneous  than  the  Bionferrino  deposits. 

■  The  compositions  of  certain  natural  rocks,  argillaceous  limestones,  marls,  <!tc.,  used  for  natural  cementa  are : 


SiO. 

A1,0, 

GaO 

GO, 

MgO 

Fe.O, 

Stone  for  Portland  cement 

„  from  Porte  de  Franco  (slow) 

„    „     Palazsolo  (slow) 

„    „     Gasale  Monferrato 

„    „     the  shores  of  the  Black  Sea 

Per  cent. 
1205 
15-8 
7-7 
11-1 
13-5 

Per  cent. 
20-3 
26-6 
12-9 
18-7 
4-8 

Per  cent. 
34-58 
28-01 
40-72 
33-21 
44-40 

Per  cent. 
2717 
22-72 
32-50 
26-50 
35-00 

Per  cent. 

0-20 
100 
1-20 
010 

Per  cent. 
80 

20 
40 
135 

PORTLAND    CEMENT  585 

these  studies  were  mcuie  in  England  by  J.  Aspdin  in  1824, who  obtained  a  high-class  hydraulic 
cement  which  he  called  Portland  cement  by  heating  a  mixture  of  slaked  lime  and  clay 
to  a  very  high  temperature.  He  called  it  Portland  cement  because  on  treatment  with 
water  it  formed  a  hard  mass  of  similar  colour  to  the  Portland  stone  which  was  at  that  time 
highly  prized  for  building  purposes  in  England. 

From  that  time  the  Portland  cement  industry  developed  very  greatly  in  England.  The 
first  French  works  was  erected  in  1 860  and  the  first  German  works  in  1 862.  In  Italy  the  first 
attempts  were  made  at  Palazzolo  in  1868,  and  these  have  led  to  the  formation  of  a  great 
national  industry  of  recent  years,  the  principal  centres  of  which  are  in  Bergamasco,^  at 
Ponte  Chiasso  in  Oomo,  in  Veneto,  and  to-day  also  in  various  other  parts  of  Italy.  In 
all  these  places  modem  plants  and  perfected  machinery  are  used. 

From  the  first  chemical  investigations  of  the  cement  showed  that  this  was  almost 
entirely  formed  of  calcium  silicate  and  aluminate,  together  with  iron,  magnesium,  and 
alkali  silicates  as  impurities.  It  has  also  been  found  that  the  best  qualities  of  natural  cement 
contain  the  lime,  alumina,  and  silica  in  very  definite  proportions,  varying  within  narrow 
limits.  There  is  generally  limestone  (calcium  carbonate)  and  clay  (aluminium  silicate) 
mixed  very  intimately,  almost  molecule  to  molecule,  without  the  necessity  for  any  machinery 
to  mix  it  more  completely.  On  burning  at  1300°  to  1400**  carbon  dioxide  is  evolved  and  a 
partial  chemical  combination  occurs  between  the  lime,  alumina,  and  Eiilica,  although 
the  mass  is  simply  sintered  by  the  heat,  and  not  fused.  The  resulting  product  haff 
very  great  powers  of  reaction  with  water  with  which  it  sets  and  generally  forms  very 
stable  and  compact  hydrates,  insoluble  in  water,  and  almost  imattacked  by  dilute  adds.^ 

1  The  flnt  attempts  to  manufactare  artificial  Portland  cement  in  Italy  were  made  at  Falassolo  on  the  Oglio 
in  1858,  but  were  only  successful  about  the  year  1864.  In  1865  the  Ministry  of  Public  Works  already  prescribed 
the  use  of  the  products  of  the  new  "  Societa  Bergamasca  per  la  fabbricazione  del  cementi  e  delle  calci  idraullche  " 
for  all  public  works,  and  this  company  thus  became  the  powerful  "  Societa  Italiana  del  cementi  o  delle  calci  idrau- 
llche di  Bergamo/'  with  various  works  at  Villa  di  Serlo,  Pradalunga,  Gomenduno,  and  Palaszolo  on  the  OgUo 
(1872).  In  these  latter  works,  since  1877,  apart  from  the  preparation  of  hydraulic  cements,  a  great  impulse  was 
given  to  the  manufacture  of  artificial  Portland  cement  by  coarsely  grinding  a  mixture  of  marl  and  pure  limestone 
ubtalned  from  the  billon  the  Lake  of  Iseo,  and  then  adding  by  means  of  an  automatic  balance  a  definite  quantity  of 
lime  which  is  produced  as  a  residue  in  the  manufacture  of  hydraulic  cements.  It  is  not  necessary  to  dry  this  mixture 
because  the  quicklime  serves  as  a  drying  agent,  and  it  is  finally  ground  in  a  tube  mill  (tes  btiow),  and  Is  then 
moistened  and  transformed  into  bricks  which  are  dried  in  the  air  under  a  shed  for  a  couple  of  months.  After 
this  it  is  dried,  baked  in  Dietssch  furnaces,  and  then  ground  in  the  usual  manner  (tee  below). 

The  Societa  di  Palaxxolo  amalgamated  in  1906  with  the  works  of  Filli  Pesentl  with  a  total  share  capital  of 
£240,000  and  a  possible  output  of  800,000  tons  per  year  of  hydraulic,  natural,  and  artificial  Portland  cements. 

*  Theory  of  the  tetting  and  hardening  of  cement.  Gut  and  polished  plates  of  Portland  cement  were  micro- 
scopically examined  almost  simultaneously  in  1807  by  TOmebohm  and  by  Le  Chatelier,  and  led  to  the  discovery 
of  four  fundamental  components  of  cements : 

(1)  Alite  is  the  most  abundant.  It  forms  colourless  crystals  which  are  very  refractive,  feebly  doubly  refract  ve, 
and  of  rectangular  or  hexagonal  section. 

(2)  BeiUe  has  a  dirty  yellow  colour  and  is  slightly  opaque ;  it  shows  vivid  interference  colours.  It  has  two 
optical  axes  and  its  refraction  is  fairly  strong.  It  forms  small  round  grains  without  recognisable  crystalline  form. 
These  are  sometimes  striated,  sometimes  in  two  directions  which  cut  one  another  at  variable  angles. 

(3)  CdUe  is  of  a  deep  orange-yellow  colour.  It  is  strongly  doubly  refractive.  It  is  sometimes  present  in  the 
form  of  small  rods,  especially  in  cements  which  have  been  only  slightly  burnt.  In  well-burnt  cements  it  forms 
a  filling  between  the  other  elements  of  the  stone  and  gives  the  cement  its  colour  because  it  contains  a  maximum 
quantity  of  iron. 

(4)  Felite  is  colourless,  has  two  optical  axes  and  shows  very  strong  double  refraction.  Its  refractive  power 
is  about  equal  to  that  of  belite.  This  mineral  is  present  in  the  form  of  the  largest  grains  which  have  sometimes  a 
slightly  lengthened  shape,  but  do  not  show  crystalline  contours. 

Apart  from  these  four  minerals,  Tfimebohm  recognised  the  presence  of  a  mass  which  was  probably  amorphous 
and  isotropic,  colourless,  and  very  strongly  refractive,  being  superior  to  alite  in  this  respect.  It  forms  a  filling 
between  the  minerals  and  is  not  always  easily  distinguishable  from  alite. 

From  the  chemical  point  of  view  the  most  recent  and  likely  hypotheses  to  explain  the  setting  and  hardening 
of  cement  are  the  following : 

According  to  Bohland  (1909)  the  setting  and  hardening  occur  because  the  lime  in  burnt  cement  is  in  a  state 
of  solid  solution  or  rather  of  "  absorbent  combination."  When  it  is  then  worked  up  with  water,  the  cement 
separates  the  silica,  iron  oxide,  and  alumina  in  the  form  of  colloidal  hydroxides  which  are  coagulated  by  the 
calcium  hydroxide  wUch  is  simultaneously  separated  by  hydrolysis.  The  more  colloidal  substances  are 
present,  the  more  carbonate  can  be  formed  by  the  lime  with  GOf 

According  to  E.  Stem,  crystallised  calcium  hydroxide  is  present  abundantly  in  hardened  cements,  together 
with  dry  colloidal  substances  abeady  observed  by  Bucca  and  Oddo  in  1896,  by  Tdmebohm  in  1897,  and  by  Michaelis 
in  1891.  In  fact  the  calcium  aluminate  of  the  cement  may  be  decomposed  by  water  forming  crystalline  calcium 
hydroxide  and  gelatinous  aluminium  hydroxide,  and  this  may  be  shown  by  shaking  up  cements  or  specially  prepared 
pure  calcium  aluminate  with  water  and  pouring  the  whole  on  to  a  filter.  CSalcium  and  aluminium  are  then  pcesent 
in  the  filtered  liquid,  and  if  this  liquid  is  exposed  to  dialysis,  calcium  passes  through  the  dlalyser  without  any  trace 
of  alumina,  because  this  latter  is  present  in  the  colloidal  condition. 

In  the  first  phase  of  the  phenomenon  of  setting  through  the  action  of  water,  the  colloidal  substance  which  is 
formed,  which  is  probably  aluminium  hydroxide,  envelops  each  granule  of  cement,  at  the  surface  of  which  many 
hard  crystals  of  calcium  hydroxide  are  gradually  formed.  The  phenomenon  of  hardening  is  thus  started  and  is 
accompanied  by  the  formation  of  other  crystals  of  calcium  aluminate  and  silicate  occluded  in  the  gelatinous  mass. 

That  calcium  hydroxide  is  present  in  hardened  cement  is  argued  from  the  ta/ct  that  on  dialysing  it  in  the  state 
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Sea  water  slowly  attacks  cement  structures  and  solutions  of  calcium  sulphate  are  still  more 
harmful. 

Artificial  Portland  Cement  has  acquired  extremely  great  importance  in  recent 
years,  especially  outside  Italy,  and  more  particularly  in  Germany  and  in  the  United  States. 
Thus  in  Germany  the  Government  prescribes  the  employment  of  artificial  cement  for  many 
public  works,  because  by  means  of  the  perfected  machinery  introduced  into  this  industry 
to-day  products  are  obtained  of  which  the  constant  composition  and  properties  can  more 
certainly  be  relied  on. 

Selections  and  Proportions  of  Prime  Materials  for  Cement  Manufacture. 
Theoretically,  in  the  case  of  pure  materials,  it  would  be  necessary  to  mix  19  to  20  per 
cent,  of  clay  with  80  to  81  per  cent,  of  calcium  carbonate  in  order  to  obtain  a  Portland 
cement  on  burning.  In  practice,  in  order  to  prevent  any  excess  of  lime  (0*5  per  cent, 
more  than  is  necessary  may  already  be  harmful  to  the  finished  cement  when  used)  a  little 
more  clay  is  added  so  that  ordinarily,  according  to  the  nature  of  the  prime  materials, 
20  to  25  per  cent,  of  clay  and  75  to  80  per  cent,  of  limestone  are  used.  But  an  excess  of 
clay  may  also  be  prejudicial  during  biuning.  as  dicalcium  silicate  may  be  formed  instead 
of  tricalcium  silicate,  and  this  increases  the  friability  of  the  cement,  even  in  the  furnace 
itself,  so  that  during  cooling  it  is  easily  transformed  into  powder.^ 

Except  in  those  cases  in  which  the  marl  or  stone  gives  a  cement  in  which  the  clay  and 
limestone  are  naturally  present  in  the  right  proportions,  it  is  necessary  to  suitably  correct 
the  natural  marl  or  to  add  the  prime  materials  to  one  another  from  the  first  in  exactly 
the  right  proportions  to  form  artificial  cement,  bearing  in  mind  the  type  of  cement 
which  is  desired,  and  which  corresponds  to  a  definite  hydraulic  index  {see  above). 

In  the  case  of  Slow-setting  Cements,^  the  hydraulic  index,  x,  varies  from  0*45  to 
0-60,  and  in  Rapid-setting  Cements  from  0-6  to  1-2.  The  value  of  x  may  always  be 
calculated  by  introducing  the  percentages  of  the  various  compounds  as  found  by  an 
accurate  analysis  into  the  following  formula  : 

AlgOa  +  FcgOs  +  SiOg 

"^  CaO  +  MgO  +  K2O  +  NaOa' 

of  a  suspension  of  the  powder  in  water,  lime  only  is  foand  in  the  liquid  which  passes  through  the  membrane,  whilst 
a  flocculent,  colloidal  residue,  richer  in  silica  and  alumina,  but  poorer  in  lime,  than  the  original  cement,  is  Idt 
above  the  membrane. 

Crystals  of  calcium  carbonate  are  always  found  together  with  those  of  calcium  hydroxide,  and  are  formed  by 
the  action  of  the  carbon  dioxide  which  is  always  present  in  the  water  which  is  used.  The  colloidal  matter  prot<H*t5 
the  crystals  of  calcium  hydroxide  from  the  action  of  the  water  in  structures  formed  of  hydraulic  cement ;  the  lime 
would  otherwise  be  gradually  dissolved  by  the  water. 

In  any  case,  the  phenomenon  of  setting  and  hardening  presents  problems  which  are  not  yet  completely 
solved. 

It  has  been  noted  that  cements  which  are  very  rich  in  alumina  set  more  rapidly,  and  the  manufaciorers  avoid 
this  disadvantage  by  adding  1  to  2  per  cent,  of  natural  gypsum,  or  sometimes  even  calcium  chloride,  to  the  cement 
before  grinding. 

The  action  of  GaSO«  or  of  OaCl|  on  the  setting  of  cement  was  explained  by  Candlot  by  the  formation  of  a  double 
compound  of  gypsum  and  calcium  alumlnate  as  soon  as  these  are  brought  into  contact  with  water  (it  is  the  calcinm 
alumlnate  which  causes  rapid  setting).  The  compounds  which  are  formed  are  (AlaOfSCaO  +  (>tSOc)  +  3011,0, 
or  (Al,0,.3CaO  +  2Caas) . ldH,0,  which  are  crystalline  and  insoluble.  It  may  also  be  that  the  gypsum 
retards  the  setting  because  it  renders  the  calcium  alumlnate  less  soluble  and  thus  less  liable  to  react  with 
water. 

^  This  disadN'antage  may  be  prevented  by  keeping  the  temperature  a  little  lower  in  the  furnace  and  thus  avoldinc 
a  softening  of  the  red-hot  mass,  but  then  a  larger  quantity  of  calcium  alumlnate  remains  which  causes  the  cemrct 
to  set  more  rapidly,  and  thus  as  a  mortar  it  nuikes  less  resistant  brickwork,  but  all  the  same  does  not  undergo) 
any  deformation  and  does  not  give  cracks  as  is  the  case  with  cement  containing  an  excess  of  lime. 

*  Those  cement-s  are  called  slow-setting  cements  which  set  in  the  form  of  mortar  within  10  hours  by  the  ne<^lr 
te»t  of  Vicat  {see  below),  and  a  wall  constructed  with  such  a  cement  is  thoroughly  resistant  after  8  dajrs,  althoueb 
the  hardening  continues  slowly  and  in  a  year  or  a  little  more  the  whole  nuiss  acquires  the  same  hardness  as  the  mi^t 
compact  stone. 

Rapidly  setting  cements  set  in  from  2  to  30  minutes,  although  the  best  qualities  set  in  from  0  to  10 
minutes. 

It  has  been  noticed  In  practice  that  various  causes  influence  the  rapidity  of  setting :  the  temperature  of  the  water 
and  of  the  atmosphere  (climate),  the  nature  of  the  water  used  in  making  the  mixture,  the  quantity  of  water  used 
in  the  paste,  &c. 

If  a  cement  or  a  mortar  is  used  after  the  period  of  setting  has  already  started  or  ended,  it  no  longer  has  the 
necessary  resistance,  and  it  is  a  mistake  to  powder  and  re-employ  such  dead  cement,  because  when  once  it  bu 
reacted  with  the  water,  it  no  longer  has  any  value.  For  this  reason  it  is  obviously  necessary  to  preserve  powdered 
cements  in  dry  localities. 

The  hydraulic  index  for  contracts  in  France  may  vary  between  0*42  and  0-48  (or  0-47  for  a  cement  containtnir 
8  per  cent,  of  alumina),  but  mu.^t  be  diminished  by  002  for  each  1  per  cent,  of  alumina  below  this  figure.  Tho^ 
cements  are  considered  good  of  which  the  hydraulic  index  is  less  than  0-60.  Of  two  cements  of  equal  hydrsalie 
index,  the  one  which  contains  the  most  silica  sets  the  more  slowly,  and  the  one  containing  most  alumina  sets  tip 
more  rapidly.  It  sometimes  occurs  that  the  rapidity  of  setting  of  a  cement  increases  simply  through  the  fart 
that  it  has  become  heated  in  the  nun  or  in  the  trucks  in  which  it  is  transported. 
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but  ordinarily  the  alkali,  KjO  +  Na20,  is  neglected  in  this  calculation.  Some  use  the 
hydraulic   modtUtts,  which  is  the  inverse  of  x,  that  is  : 

^  CaO  +  MgO  +  K2O  +  NagO 
^  AI2O3  +  FegOa  +  SiOg 

and  here  also  the  quantity  of  alkali  is  often  neglected,  y  varies  within  the  limits  0*8  to 
2*2.  Thus,  if  we  indicate  the  quantity  of  iron  and  aluminium  silicate  in  the  limestone 
by  iS^i,  that  of  the  clay  by  S2,  of  the  lime  and  magnesia  of  the  limestone  by  C^  and  the  lime 
and  magnesia  of  the  clay  by  Cg,  then  given  the  modulus,  y,  which  is  required,  the  relation 

between  the  limestone  and  clay  is  given  by  the  general  formula  p^  — -^,  which  is  sufficiently 

Ci  —  ySi 

close  for  use  in  daily  practice  ^  if  care  is  taken  that  materials  containing  much  magnesia 

or  calcium  sulphate  are  rejected,  because  they  form  a  less  resistant  cement.     When  there  is 

a  deficiency  of  iron  the  prime  materials  are  corrected  by  the  addition  of  burnt  pyrites, 

and  if  there  is  an  insufficient  quantity  of  alkali,  wood  ashes  are  added,because  the  alkalis  both 

act  similarly  to  lime  and  magnesia,  that  is,  lower  the  temperature  of  fusion  and  of  reaction 

of  the  silica,  and  also  form  cements  which  set  more  rapidly.     In  clay  which  is  to  be  used 

for  cements  it  is  only  the  combined  silica  and  not  the  free  silica  which  is  of  value,  therefore 

in  some  cases  it  is  better  to  eliminate  the  latter  by  suitable  levigation.     The  composition  of 

Portland   cement  varies   within   the  following  limits  :  ^    SiOg  =  20  to   26  per  cent. ; 

AlaOa  +  FegOa  ==  7  to  14  per  cent.  ;   CaO  =  57  to  65  per  cent.  ;    MgO  =  0-3  to  2-6  per 

cent.  ;  alkali  =»  0  to  1*2  per  cent.  ;  S08  (sulphates)  =  0  to  3  per  cent.     Cements  containing 

the  most  silica  set  slowly,  whilst  those  containing  much  alumina  set  rapidly. 

It  is  clear  that  in  the  analyses,  both  of  the  prime  materials  and  of  the  finished  cement, 

the  silica  contents  must  be  imderstood  to  be  combined  silica  and  not  free  or  quartzose 

silica  which  takes  no  part  in  the  formation  of  the  cement.^      In  argillaceous  limestone 


*  If  we  have  prime  materials  giving  the  following  figures  on 

analysis, 

SiO, 

Al.O, 

Fe,0, 

CaO 

MgO 

SO. 

Alkali 

Co. 

Clay 
Limestone 

Per  cent. 
55-7 

Per  cent. 
17-2 

Per  cent. 
8-3 

Per  cent. 
1-4 

53 

Per  cent. 
2-4 

0-2 

Per  cent. 
1-6 

• 

Per  cent. 
3-3 

Per  cent. 
101 

41-8 

81-2 
2-5        1         1-4                11 

50 

wi»  have  the  following  values  :   C,  ~-  53-2  ;   C,  =  3-8  ;  /?i  =  5  ;   .S,  -=  81-2  ;   if  we  now  wish  to  obtain  a  cement 
with  a  hydraulic  modulus,  y  —  %  the  ratio  between  the  limestone  and  the  clay  will  be  the  following : 


(2  X  81-2)  -  3-8       158-6 


53-2 


43-2 


=  3-7. 


(2  X  5) 

tliat  is  to  say,  1  part  of  clay  must  be  mixed  with  3-7  parts  of  limestone,  and  this  ratio  must  be  altered  a 
little  if  we  take  the  alkali  also  into  account. 

>  We  here  give  the  mean  composition  of  cements  produced  in  various  countries  : 


SiO, 

Al.O, 

FejO, 

CaO 

MgO 

Hydraulic 
index 

Frcncli  cement 
English      „ 
German      „ 
Belgian      „ 
Russian     „ 

Caaale  Monf errato  cement  I 
Caaale  Monferrato    „      11 
Palaxzolo                  „ 
Civitavecchia            „ 

Per  cent. 
21-26       1 
20-24       1 
20-25 
23-26 
21-23 

Per  cent. 
5-8 
6-10 
5-11 
5-9 
6-8 

Per  cent. 

2-4 
2-4-5 
2-5-5 

2-4 

3-4 

Per  cent. 
57-68 
69-63 
58-68 
60-65 
62-65 

64  04 
63  60 
63-12 
58-75 

Per  cent. 
0-7-2 
0-3-1 
0-9-2 
0  6-1 
1-2 

1-40 
1-48 
1-48 
1-54 

0-48-0-54 
0-47-0-60 
0-46-0-58 
0-49-0-59 
0-47-052 

0-47 
0-49 
0-47 
0-59 

2273 

,         23-47 

21-45 

24-60 

8-64 

8-59 

915 

11-35 

»  F.  Coppola,  of  the  Torres  Works  at  Vittorio,  maintained  (1909)  that  a  cement  of  good  quality  may  also  be 
obtained  by  starting  from  an  argillaceous  limestone  ricli  in  active  silica  (quartzose  silica  insoluble  in  acids  and  in 
alkalis),  if  sufficientfy  finely  ground,  because  the  inactive  silica  then  becomes  active  during  burning. 
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GRINDING  OF  THE  PRIME  MATERIALS. 


which  is  to  be  used  in  the  manufacture  of  cements,  the  portion  insoluble  in  acids  should 
be  completely  soluble  in  alkali,  otherwise  it  consists  of  free  silica  or  quartzose  sand. 

MANUFACTURE  OF  ARTIFICIAL  CEMENT.  This  industry  has  to-cLay 
acquired  so  much  importance  in  all  civilised  countries,  and  is  connected  with 
such  important  technical  problems,  chemical,  physical,  and  mechanical,  that 
it  deserves  to  be  treated  in  greater  detail  than  ordinary  in  order  to  give  our 
chemical  students  an  idea  as  to  which  factors  conduce  to  the  perfection  of 
an  industrial  process,  and  how  apparently  secondary  or  comparatively  unim- 
portant factors  may  in  many  cases  decide  the  life  and  future  of  an  industry. 
Each  operation  must  be  conducted  with  the  maximum  precision  and  studied 
in  all  its  smallest  details  in  order  to  obtain  the  best  results,  and  if  possible 
arrive  at  improvements.  We  will  now  treat  shortly  and  clearly  of  the  principal 
operations  connected  with  the  preparation  of  cements,  a  portion  of  which  are 
common  to  the  preparation  of  both  the  natural  and  artificial  product. 

The  very  finest  grinding  and  intimate 
mixture  of  the  limestone  and  day 
are  of  great  influence  on  the  good 
qualities  of  the  final  product. 

In  the  past  the  materials  were 
exclusively  groimd  by  dry  methods, 
but  to-day  wet  grinding  has  in  many 
cases  been  advantageously  applied. 

(a)  Dry  Grinding.  In  order  to 
pulverise  the  two  prime  materials, 
clay  and  limestone,  finely,  it  is 
indispensable  that  they  should  be 
thoroughly  dry  and  contain  less 
than  4  to  5  per  cent,  of  mois- 
ture, otherwise  in  modem  ball 
mills  the  ground  powder  will  form 
lumps,  which  render  the  work 
irregular  and  difficult  and  lower 
the  yield. 

The  prime  materials  are  dried 
in  a  species  of  conical  brickwork 
tower,  being  charged  in  above  and 
discharged  at  the  base,  whilst  a  current  of  hot  air  passes  into  the  lower  portion  of  the 
tower.  Finely  divided  material^  may  also  be  dried  in  rotary  iron  cylinders  inclined  at  a 
very  slight  angle  to  the  horizontal,  into  which  the  material  to  be  dried  enters  continuously 
at  the  top  and  issues  at  the  b^e,  being  met  by  a  current  of  hot  air  which  passes  in  from 
below. 

The  limestone,  before  or  after  drying,  is  coarsely  crushed  in  a  rock-breaker  {see  Fig.  96, 
p.  256),  which  crushes  up  to  15  tons  per  day  with  a  minimal  expenditure  of  energy. 
At  one  time  the  material  was  finely  crushed  by  pressing  it  between  two  laminated  cylinders 
and  then  pulverising  it  in  mills.with  two  horizontal  stones,  such  as  were  used  in  old-fashioned 
flour  mills.  A  minimal  production  is,  however,  thus  obtained  (less  than  one  ton  per  hour) 
and  very  much  power  is  required  (20  to  30  h.p.  per  mill),  and  therefore  ball  mills  were 
resorted  to  with  advantage  about  20  to  25  years  ago,  and  were  soon  generally  used  in 
all  works  {see  Figure  and  description  on  p.  512).  Since  1900  the  work  in  the  ball  mills 
has  been  modified  in  the  direction  of  first  producing  a  kind  of  coarse  flour,  and  then  com- 
pleting the  fine  grinding  in  other  apparatus.  Ball  miUs  with  sieve  plates  Nos.  70  to  80 
{see  p.  512)  gave  2  tons  of  finest  limestone  powder  per  hour,  but  required  up  to  40  h.p. ; 
now,  on  the  other  hand,  a  plate  with  larger  meshes,  Nos.  20  to  25,  is  used,  and  with  an  equal 
consumption  of  power  6  tons  of  limestone  are  treated,  the  final  grinding  of  which  is  then 
completed  in  tube  mills.  In  1 900  F.  L.  Smidth,  of  Copenhagen,  constructed  a  small  improved 
ball  mill  called  a  "  kominor  "  (Figs.  242  and  243)  in  which  the  plates  of  the  internal  drum 
are  not  perforated,  and  thus  the  meal  to  be  ground,  which  enters  at  the  one  end,  a  and  b. 


Fio.  242. 
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is  slowly  traiiBported  by  the  rotation  of  the  drum  to  the  opposite  end  before  pagsing  into 
the  exit  fissure,  c,  and  thu«  remains  in  contact  with  the  Bt«el  batls  for  a  longer  time  and 
pursues  a  longer  path,  dependent  on  the  sise  of  the  kominor  which  may  be  up  to  2  or 
3   metres.      The    balls   are   of    hard  steel  weighing  2  to  3  tons,  and  have  a   diameter 
of  6  to  12  cm.     A  larger  production  of  meal  is  thus  obtained  for  the  same  consumption  of 
energy  or  greater  fineness  for  on  equal  production.     The  fineness  may  be  increased  at 
pleasure  by  diminishing  the  production.     On  escaping  from  the  drum  the  meal  falls  on  to 
a  Gonica)  siere,  d,  which  surrounds  the  drum,  and  the  fine  meal  is  thus  collected  in/,  whilst 
the  coarser  portion  which  remains  on  the  sieve  is  carried  to  its  eitremity,  e,  from  where 
the  rotary  movement  of  the  drum  and  of  the  sieve  carries  it  back  into  the  drum  again 
when  it  again  passes  through  the  ball  mill.    The  yield  of  the  kominor  is  20  per  cent,  greater 
than  that  of  the  old  ball  mills.     It  requires  fewer  repairs  and  may  also  be  constructed  in 
very  large  sizes,  up  to-  6  tons  weight  of  balls.     By  diniinishing  the  production  one  may 
al»o  dispense  with  the  sieve.     With  1-2  tons  of  balls,  1-8  tons  of  meal  may  be  obtained  per 
hour,  passing  through  sieves  Nos.  20  to  26,  and  20  h.p.  is   then  used.     A   kominor, 
the  weight  of  the  balls  of 
which    is   6    tons,   requires 
85  h.p.     Ball  mills  similar 
to  the  kominor  have  been 
given  i^rions  names  by  the 
various  firms  who  construct 
them      (Kmpp,      L&hnert, 
Pfeiffer,  &c.);   the  firm   of 
Smidth    alone    constructed 
500  kominors  up  to   1909 
for   various  cement  works 
throughout  the  world. 

The  limestone  and  clay  < 
which  have  been  reduced  to 
meal  by  boll  mills  or  by  the 
kominor  then  undergo  finer 
grinding  in  the  tube  mills 
or  Dana  tubes,  or  by  means 
of  pneiunatic  separators, 
which  separate  the  finest 
Sour  already  (»ntained  in 
the  meal   by  means  of  an 

air-blast,    and  regrind    the  Fio.  243. 

coarser  meat.    These  pneu- 
matic separators  are  directly  connected  with  the  kominor  and  require  very  little  power — 
6  to  ekp. 

The  pneuTnatie  teparator  as  it  is  constructed,  for  instance,  by  the  firm  of  Pf  eiff  er,  consists 
essentially  of  two  large  concentric  cones  of  sheet  iron  pointing  downwards  (Fig.  244), 
The  meal  which  is  discharged  by  the  kominor  is  carried  by  bucket  elevators  into  the 
hopper.  A,  of  the  separator,  from  whence  it  falls  regularly  over  a  horizontal  plat«,  B, 
supported  by  a  vertical  shaft,  3,  actuated  by  cog  work.  On  this  plate  arms,  D,  ore  fixed, 
which  carry  peripheral  blades,  C,  which  act  as  a  fan  when  the  plat«  revolves.  The  meal 
is  thus  projected  from  the  plate  through  the  slits,  £  and  F,  and  the  strong  current  of  air 
caused  by  the  fan  carries  the  finer  powder  to  the  wall  of  the  larger  cone,  K,  at  the  base 
of  which  it  collects  and  is  discharged  through  the  opening,  H,  whilst  the  coarser  portion 
of  the  meal  only  passes  into  the  smaUer  cone  and  is  discharged  below  through  the  opening, 
I,  being  then  returned  to  the  ball  pii'l  Uee  Figs,  245  and  246,  view  and  section  of  the  plant, 
including  a  kominor  and  wind  separator  with  bucket  elevator).  The  fineness  of  the 
product  collected  in  ^  is  increased  on  diminishing  the  velocity  of  the  fan,  which  thus 
causes  less  flour  to  pass  over  the  regulator,  K,  so  that  more  is  returned  to  tlio  mill' 

'  At  Btrt  doobU  were  eiprOBied  whether  wind  BBpM»lor»  would  not  alter  the  proportions  of  cl»7  and  LimMtono 
"hich  wero  proent  In  the  ball  mill  becaiue  they  tave  dUterent  Bpeclflc  grsYlHea,  and  the  blast  would,  therftore, 
accumulate  Che  denier  and  tbc  lighter  material  Hparalely.  In  reality,  howeiar,  tblidoei  not  occur  because  even 
il  th^  Here  the  case  when  working  wai  started,  >ner  a  very  tew  minutaol  conlinDouB  feeding  In  Df  me&l  ot  deBnIta 
compoalUoo  bom  the  komluar,  the  cooditlou  inalda  the  appaiatua  must  aoon  eiiUblltb  auch  an  equilibrium 
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Tube  millsoT  MilUiibes  or  i)ann(u6ware  still  more  widely  used  than  pneumatic  separatiirs 
for  the  prixluction  of  the  finest  powder  without  the  need  of  Hievev  from  the  meal  of  tti<' 
ball  mill  or  komiiior.  On  cnuthing  a  groia  of  limeetone  of  10  ram.  diameter  1000  grains 
of  1  mm.  diameter  may  bo  formed,  or  1,000,000  grains  of  ^\;  mm.  diamet«r.     Although. 

/ik   (trat.    in  nnlsr  in  itmaVi    Iha  lanHir   onutis 


Fra.  245.  Fio.  246. 

minuto,  absorbing  80  to  100  h.p.    The  internal  surface  of  the  tube  is  Imed  with  hardennl 

steel  or  wilb  very  hard  flint  tiles.  The  mealwhichisto  be  ground  enters  through  the  tub*, 
a,  which  acta  as  ft  hollow  pivot  tor  the  cylinder  and  passes  out  through  a  peripheral  opening 
provided  with  a  grill  at  the  opposite  end  of  the  tube.  As  is  seen  in  Fig.  247  the  quantily 
of  meal  indicated  by  dark  shading,  b,  diminishes  gradually  as  it  approaches  the  exit  opening. 
whilst  the  quantity  of  steel  balls  remains  the  same  at  all  points,  so  that  as  the  meal  is  ground 
the  proportion  of  spheres  constantly  becomes  greater  compared  with  the  quantity  of  niMl 

ot  proportion  bttwceii  Ills  two  nutetUls  ur  dillcrciit  tialuro  (hit  the  Bnc  powdffr  liter  « time  «a«ume<  Ihe  unr 
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to  bo  pulverised.  The  fineness  may  bo  increased  at  pleasure  by  diminishing  the  quantity 
of  meal  which  enters.  The  product  which  eHcapes  docs  not  need  to  pass  through  a  sieve, 
but  is  already  so  fine  that  Hievc8  with  000  meahcs  per  square  centimetre  do  not  retain  more 
than  1  to  2  per  cent.,  and  sieves  with  4000  meshea  per  square  centimetre  retain  Jess  than 
25  per  cent, 

(6)  Wet  Grinding.     This  was  first  applied  to  friable  or  powdery  limealone  and  to 
clay  which  waa  niixed  with  pebbles  and  coarse  sand,  introducing  it  in  the  necessary  pro- 


portions, together  with  wal«r,  into  a  large  circular  brickwork  vat,  A  {Kg.  249),  in  the  centre 
of  which  a  small  pillar  supported  a  revolving  head  carrying  horizontal  iron  arms,  from 
which  a  sort  of  very  heavy  harrow  was  supported  by  chains  and  dragged  along  the  bottom 
of  the  vat  on  turning.  After  30  to  50  minutes  all  the  pebbles  and  hea-vy  sand  were 
deposited  at  the  bottom,  whilst  the  clay  was  transformed  Into  a  liquid  past«  supported  in 
the  ^tated  water,  and  was  discharged  into  the  vat,  B,  placed  below,  through  a  metallic 
sieve,  which  retained  the  stones  and  coarser  sand.     In  the  second  vat  the  paste  was  remixed 
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by  agitation  and  in  the  meantime  sampiea  were  removed  for  rapid  analysis  in  the  laboratory 
(by  determining  the  carbon  dioxide  of  the  carbonate),  and  if  the  relation  between  the  clay 
and  the  limestone  did  not  correapond  to  the  required  values,  a  definite  quantity  of  another 
paat«,  richer  in  limestone  or  clay,  waa  added  from  another  vat  which  was  always  kept  in 
readiness.  This  posts  was  passed  by  a  suitable  pump  into  tube  nulls  which  work  very 
well  even  with  a  wet  mixture,  and  give  a  finer  product  than  when  a  dry  mixture  is  used 
of  which  only  15  per  cent,  remains  on  a  4900  mesh  sieve.  If  the  paste  which  escapes 
from  the  tuise  mill  has  been  prepared  with  35  to  38  per  cent,  of  water  only,  then  it  may  be 
directly  passed  into  rotary  kilns  ;  if,  on  the  other  hand,  vertical  kilns  are  used,  the 
paste  must  be  allowed  to  settle  and  the  wat<-r  decanted  and  the  mass  then  dried  slowly  and 
converted  into  bricks  as  will  bo  described  below. 
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The  firm  of  Smidth  of  Copenhagen  advises  the  grinding  even  of  hard  limestone  directly 
in  the  wet  way  in  the  kominor,  and  the  mixing  of  the  calcareous  paste  with  a  clay  suspen- 
sion  in  the  required  proportiona  before  being  passed  through  the  tube  mills.     Tube  milli 
are  constructed  by  the  same  firms  which  construct  ball  mills  and  the  kominor  (aee  abovt). 
CEMENT-BURNING     KILNS.      The    intimate    mixture    of    limestone    and    clay 
1  having   been    obtained   by 

-'"  ^  ,    the  giinding  machinery,  it 

is  necessary  before  burning 
to  first  shape  the  powder 
into  bricks  by  mixing  it 
with  8  to  10  per  cent, 
of  water  and  passing  it 
into  ordinary  brick-making 
machines ;  that  used  for 
the  preparation  of  fuel 
briquettes  as  already  de- 
scribed OD  p.  370  also  serves 
Fia.  249.  T^T  yt^H-    The  bricks  are 

allowed  to  dry  in  the  air 
under  cover  for  some  weeks,  or  are  preferably  placed  on  cars  and  then  dried  by  hot  air 
in  a  long  drying  chamber. 

After  this  point  the  burning  and   the  subsequent  operations  are  the  same  for  either 
natural  or  artificial  cements.     The  temperature  of  -. 

burning  {incipient  fusion)  is  1300°  to  1400°,  although  f      T\ 

the  engineer  Bonde,  of  Copenhagen  (1909),  has  shown  ril?"^^  ^ 

that  the  best  results  are  obttuned  at  1600°.  '' — 

The  first  continuous  kilns  which  were  used  in 
large  cement  works  were  the  ttage  kilns  of  DietsscA, 
more  or  less  modified,  which  led  to  considerable 
economy  of  fuel  compared  with  the  old  intennittent 
kilns  (from  26  to  30  kilos  of  coke  per  100  kilos 
of  cement  the  amount  of  fuel  was  reduced  to  14— 
18  kilos).  In  Fig.  250  we  see  the  original  form  of 
Bietzsch  kiln.  The  charge  was  introduced  by 
means  of  cars,  O,  and  consisted  of  alternate  layers  of 
coal  and  of  dried  bricks  of  cement  or  of  the  natural- 
cement  forming  rock,  and  fell  into  the  two  or  more 
lateral  chambers,  BB,  of  the  kiln,  which  ter- 
minated below  in  grates,  a,  a,  which  supported  a 
pction  of  the  weight  of  the  charge.  When  the 
combustion  was  once  started  through  the  openings, 
B,  in  the  platform  above  the  two  lateral  chambers, 
the  regular  working  of  the  fumaoe  was  soon  estab- 
lished and  the  coal  was  completely  burnt,  so  that 
the  maximum  temperature  was  produced  in  the 
upper  part  of  the  chambers,  B,  and  drew  in  a  current 
of  air  through  the  grates,  a,  whilst  the  hot  gas  es- 
caping through  the  chimney  dried  and  prelieated 
the  matcritds  which  were  charged  into  V  as  fast 
as  corresponding   quantities  of  burnt   cement   were  < 

discharged  below  by  removing  a   few  bars    of    the  Yia.  250. 

grate,  a.     The  burnt  cement  which  was  discharged 

below  was  almost  cold  because  the  cold  air  which  entered  through  a  to  sustain  the  com- 
bustion in  B  cooled  the  burnt  cement  in  K  ;  thus  also  the  heat  remaining  in  the  burnt 
cement  was  utilised  and  it  was  possible  to  attain  the  necessary  temperature  of  1400° 
to  1500°  to  soften  and  partially  fuse  the  crude  cement  in  the  burning  zone.  The  passs^ 
of  the  material  from  the  chimney,  V,  to  the  chambers,  B,  was  facilitated  by  long  iron 
shovels  worked  by  operators  through  the  various  openings  of  the  furnace,  and  enabliog 
the  combustion  to  be  sustained  by  the  addition  of  coal  through  the  opening,  E. 
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Tho  Schoffer  or  Aalborg  kilns  were  Siut  used  in  Denmark  at  Aalborg,  and  then  in 
other  countries  ejid  were  found  to  be  advanU^oouit  {Figs.  251  and  252).  The  matorial 
is  charged  in  at  the  top  at  ^,  aDdthofumaceiBconstrictodat  Btoaconc,  andia  thus  better 
able  to  support  the  weight  of  material  which  afterwards  cntora  tho  combustion  chamber,  C. 
The  furnace  is  again  enlarged  at  the  cone,  D,  whero  there  are  several  inclined  flues,  K, 
through  which  the  fuel  (long-flamed  coal]  is  charged,  and  tho  mat«rial  is  removed  with 
long  iron  tools  when  it  is  t«  be  diBeharf;ed  through  tho  lower  grate,  R.  The  consumption 
of  fuel  in  these  furnaces,  which  yield  IC  tons  of  burnt  cement  per  twenty-four  hours,  is 
13  to  15  kilos  for  each  100  kilos  of  cement.  Tho  kiln  is  lined  internally  with  refractory 
bricks  which  Bomotiraes  last  two  ycare,  during  which  tiiuo  tho  furnace  is  in  uninterrupted 
work  without  the  necessity  for  any  repairs. 


Another  form  of  cement  kihi  which  has  partially  replaced  the  Aalborg  kiln  is  the 
Rysogor  or  R-kihi,  which  was  first  applied  in  Denmark  by  the  firm  of  P.  L.  Smidth  of 
Copenhagen.  It  has  almost  the  form  of  an  invcrfcd  Dictisch  kiln  (Figs.  253  and  254). 
There  are  two  drying  and  preheating  chambers,  KK,  which  load  tho  material  charged 
in  at  A  into  the  single  heating  chamber,  A",  into  which  the  coal  is  charged  through  various 
passages,  /.  In  this  way  the  maximum  temperature  is  not  obtained  near  the  furnace 
walls  and  tho  refractory  lining  is  thus  better  preserved,  avoiding  clogging  of  the  cement, 
which  is  facilitated  by  coal  aah  which  acts  as  a  flux.  The  cold  burnt  cement  is  discharged 
in  tho  usual  way  by  removing  several  bars  of  the  grate,  C.  With  this  kihi  three  workmen 
are  required  by  day  and  throe  by  night  for  all  necessary  operations,  and  the  consumption  of 
coal  is  12  to  14  kilos  per  100  kilos  of  burnt  cement. 

The  burnt  cement  which  is  produced  in  the  kiln  is  called  clinker. 

Fig.  266  shows  the  exterior  of  a  cement  works.  A  is  the  drying  lower  for  the  clay, 
B  tho  two  towers  for  drying  the  limestone  which  arrives  along  an  overhead  ropeway,  C, 
and  D  are  tho  chimneys  of  the  kilns,  R,  for  burning  the  cement  which  pass  through  the 
roof  of  tho  works. 

'  38 
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**    ROTARY  KILKS.    Amongst  all  the  great  improvementii  introduced  into  tbe  oem«nt 
indiutry  of  lal«  yean,  the  most  remarkable  is  certtunly  that  of  the  application  of  rotarr 

Theee  kilns  allow  the  cement  to  be  burnt  without  any  necessity  for  first  fornung  it 
into  bricks  or  lor  previously  drying  the  mixture.  The  mixture  is  introduced  directly 
into  the  furnace  in  the  form  of  a  slightly  moistened  powder  contuulng  8  to  10  per  cent, 
of  water,  or  as  a  hquid  paste  containing  30  to  33  per  cent,  of  water. 

The  first  attempts  on  a  email  scale  to  apply  these  rotary  kilns  were  made  by  Ransome 
in  England  in  18B5  without  success,  whilst  a  little  later,  about  1890,  they  were  sucoeasfnllj 
applied  in  the  United  States  by  using  as  fuel  heavy  petroleum  oil,  atondBed  in  the  furnace 
itself. 

In  1806-1697  Hurry  and  Seanuum  of  the  Atias  Cement  Compuiy  of  Northampton. 
Pennsylvania,  replaced  the  petroleum  residues  by  finely  pulverised  ooal  {powdered  in  tube 
mills},  and  it  then  became  possible  to  also  apply  rotary  kilns  in  Europe.  The  first 
plants,  after  the  attempts  of  Forel!  and  LoUar  in  Germany,  were  constructed  by  the  firm 


Fig.  255. 

of  Smidthat  Aalborgin  1698  and  by  Dr.  Friisslngof  the  Bronnofen  Bauanstalt  of  Hamburg 
in  1899. 

Theee  first  rotary  Ulns  were  10  to  20  metres  long,  but  to-day  they  are  built  45  metn« 
and  more  in  length  and  2  to  2}  metres  in  diameter,  espedaUy  if  the  material  is  charged  in 
as  a  soft  pasto  contuning  much  water. 

The  large  cylinder  of  the  rotary  kilns  {Fig.  266)  is  inchnod  at  on  angle  of  4°  to  6° 
according  to  the  degree  of  moisture  in  tjie  paste.  It  is  mounted  on  largo  pillars  ud 
revolves  on  loose  rollers.  It  is  constructed  of  large  riveted  iron  plates  which  ar«  lined 
internally,  but  especially  at  the  burning  zone,  B,  with  refractory  bricks  or  special  bricb 
made  ol  cement  and  clinker. 

The  upper  part  of  the  tube.  A,  is  connected  with  the  smoke  flue  which  communicala 
with  the  chimney  through  which  the  steam  formed  by  the  drying  of  the  paste  con- 
tinuously posses  from  the  upper  part  of  the  tube  above  A  and  is  carried  away. 

The  cylinder  is  rotated  at  the  rate  of  one  to  two  turns  pvr  minute,  and  this  cairin" 
the  mass  of  crude  cement  slowly  downwards.  It  forms  granules  of  the  size  of  nuts  and 
peas,  and  is  gradually  dried  and  heated  by  dry,  finely  powdered  coal  which  is  blown  in 
at  the  lower  end  of  the  tube  at  B  [Fig.  257).  This  coal  is  powdered  in  a  small  kominra 
and  a  small  tube  niill  or  with  a  pneumatic  separator.  It  burns  completely  and  instan- 
taneously. Tbe  hot  air  by  which  the  cool  is  Mown  ju  and  by  which  it  is  burnt  pamce  in 
through  the  tube,  O,  from  the  cooling  cylinder  for  the  burnt  cement,  D,  which  coosisP 
of  a  revolving  oylinder  inclined  towards  the  kiln  through  which  the  semi-fused  oemtsi 
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foils  in  separate  graauleB.  A  targe  fan  cooled  by  a  current  of  water  is  placed  at  the  top 
of  the  cooling  cylinder,  and  draws  in  a  current  of  cold  air  through  the  red-hot  clinker ; 
the  air  is  th<u  gT^<x^Uy  heated  by  the  agency  of  the  clinker  and  then  blows  in  the  coal 
at  a  temperature  of  200°  to  300°. 

The  fan  is  now  placed  by  preference  at  the  lower  end  of  the  cooling  cylinder  so  that  it 
blows  in  oool  ait  at  a  slight  pregmire  and  the  complicated  and  inconvenient  cooling  of  the 
fan  ianot  necessary.  At  the  top  of  the  cooler  the  air  arrives  Biniilarly  at  a  high  tamperatnre. 
The  instantaneous  combustion  of  the  coal  produces  a  very  high  temperature  of  1SOO° 
and  more,  but  the  refractory  material  which  lines  this  part  of  the  tube  to  a  length  of 
4  to  5  metres  (burning  zone,  B)  is  easily  destroyed,  and  if  the  foreman  does  not  regulate 
the  beat  carefully  the  cement  may  melt  and  ^^omerate  to  a  single  mass  which  may 
finiah  by  obstructing  the  furnace.  These  difficulties  have  recently  been  overcome  by 
making  the  part  of  the  kiln  corresponding  to  the  burning  zone  very  large  and  thua 
increasing  the  capacity  of  this  zone,  and  also  the  output  of  the  kiln  iteelf.  The  lower 
mouth  of  the  kiln  is  closed  by  a  large  vertical  cast  iron  plate,  S,  covered  internally 
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by  refractory  material  and  carrying  the  lai^  pipe  for  the  hot  air  and  the  smaller  pipe 
for  the  powdered  coal.  This  plate  is  mounted  on  wheels  in  such  a  way  that  it  may  be 
approached  to  within  a  few  millimetres  of  the  furnace  mouth,  whilst  leaving  the  lumace 
free  to  rotate. 

The  excess  of  hot  air,  which  is  not  used  for  the  combustion  of  the  coal,  is  used  for  drying 
it  before  grinding. 

The  consumption  of  fuel  in  rotary  kilns  varies  according  as  the  material  is  used  in 
pasteformorasamoist  powder,  and  may  he  from  22  to  30  kilos.*     Low-grade  coal  may  also 

>  Tbe  Uiivntkail  consumption  of  lael  for  bninlnii  cement  In  flied  vcrtlc«l  ktlns  would  be  9  UIo*  of  cotl 
per  100  klloa  of  burnt  cement.  In  pnotlce,  tho  b«t  kilns  cansume  13  lo  14  kLIoe,  In  roUry  Ulns  the 
th«iretla1  consumption  ot  fuel,  accordtni;  toNewberty,  on  working  by  Itae  Avf  metlwd  (witb  ■  puts  oanUlnlng 
8  to  10  per  cent  ot  moisture)  would  be  17-5  to  20  per  cent.,  scoordlng  to  the  leoer  or  grenter  eicess  of  «lr.  The 
practical  consumption  In  the  best  iDUry  kUns  hu  lo-diii'  been  reduced  to  B2  to  84  per  cent,,  whilst  i  few 
yeus  *eo  30  to  S2  per  ceot.  wiu  itlU  employed.  With  ■  puta  containing  35  to  40  per  cent,  ot  wmter  ud 
anuioing  u  eicesg  of  air  for  the  comhiMian.  the  theoretlcsl  consumption  or  cool  would  be  25  to  £«  par  cent. ; 
In  pnctlce  In  the  beet  tumocee,  2S  to  30  pet  cent.  It  consumed  to-diy,  whilst  foimetly  more  thui  40  pet  i»ait. 

It  hia  been  calculated  that  Ihe  motive  force  required  In  ■ 
coal  equal  to  3-5  to  4-5  per  cent,  ot  the  weight  ol  burnt  lemo 
wlU  b*  teqnlnd  pet  I  to  3  kilos  ot  cement  pet  day. 
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bo  emirfoyed  or  oven  coal  waste,  because,  being  finely  powdered,  it  bums  even  if  it  ""ij^if^ 
10  to  16  per  cent,  of  ash.  The  consumption  of  power  U.  drive  » large  rotary  kiln  and  thf 
corresponding  cooler  is  20  to  26  h.p. 

When  the  clinker  ia  diBchargod  from  the  cooler  of  a  roUry  kiln,  it  ih  gently  sprayed 
with  1  to  2  per  cent,  of  water,  and  may  thm  be  stored  for  grinding.  This  water  «'t>^'^ 
a  portion  of  the  calcium  oxide  and  ft  cement  which  sote  rather  more  slowly  la  thus  obtaJned : 
in  any  case  it  acquires  greater  stebiUty  according  to  the  volume  test  because  the  calcium 
oiide  is  slowly  transformed  into  hydroxide  and  carbonate  and  undergoeH  further  alteration. 

The  cement  from  rotary  kilns  differs  in  general  from  that  obtained  in  vertical  kiln? 
by  its  greater  reBistance  to  eomprosaion  (see  6eioio,  Cement  Testing). 

One  of  the  great  advantages  ot  rotary  kilns  consists  in  the  great  saving  of  hand  laboiK. 
One  good  foreman  can  simultaneously  Buperviso  two  rotary  kilns.  In  a  largo  wort* 
visited  by  the  writer  at  Eudersdorf-Kalkberg,  near  Berlin,  two  complete  plwits  of  t-qua^ 
output  were  working  side  by  side.  One  produced  240  tons  of  cement  daily  with  4 
smaU  roUry  kilns  and  employed  35  workmen  in  aU  by  day  and  36  by  night.    The  other 
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produced  240  tons  with  12  vertical  kilns,  and  employed  98  workmen  by  day  and  98  by 

The  Atlas  Company  in  America  alone  possesses  more  than  140  rotary  kilos.  In 
Europe  at  least  150  such  plants  have  been  erected  of  recent  years.  In  Italy  there  an 
now  three  or  four  works  using  rotary  kilns. 

Rotary  kilns  are  more  especially  built  by  the  firms  of  Polysius,  Krupp,  Smidih, 
LSnhert,  Pleiffer,  &c. 

GRINDING  OF  THE  GROUND  CEMENT  (CLINKER).  It  is  now  generally 
admitted  that  the  good  qualities  of  Portland  cement  are  largely  dependent  on  the  dcpw 
of  fineness  of  the  ground  clinker.  The  best  ground  cements  to-day  leave  a  residue  of  li*i 
than  25  per  cent,  on  a  sieve  ot  4000  meshes  per  square  centimetre,  and  this  result  has  bwn 
obtained  by  using  more  perfect  machinery,  which  has  already  been  described  in  coonection 
with  the  grinding  of  the  prime  materials. 

In  modem  works  the  clinker  is  passed  through  ball  mills,  or  preferably  through  kominor 
miUs,  and  the  product  coarsely  ground  ;  the  meal  is  then  passed  through  the  tube 
mills  which  have  already  been  deBcril>ed.  Since  the  finished  cUnker  is  much  harder  tlian 
the  hmestone  and  clay  or  marl,  these  tube  mills  are  lined  with  flint,  and  the  crushing  matenil 
also  consists  of  flint  pebbles. 

Both  in  the  grinding  of  the  prime  materials  and  in  that  of  the  burnt  cement,  the  tube 
mills  may  be  replaced  by  pneumatic  separators  of  the  Pfeifier  type,  which  have  already  bcM 
illustrated  and  lead  to  an  economy  of  power.    In  either  case  sieves  are  now  dispensed  with. 
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In  almost  all  cement  works  the  finished  product  has  of  recent  years  been  subjected 
to  a  very  simple  treatment  in  order  to  lengthen  the  time  after  which  it  will  set  when  mixed 
Tirith  sand  and  water,  by  mixing  it,  on  introduction  into  the  grinding  plant,  with  1  to  2  per 
cent,  of  natural  gypsum  in  lumps. 

This  gypsum  appears  to  combine  in  the  presence  of  water  with  a  portion  of  the  calcium 
aluminate  of  the  cement,  thus  lengthening  the  time  of  setting,  which  would  occasion  many 
difficulties  if  it  were  too  short.  For  buildings  cements  containing  more  than  3  per  cent. 
of  gypsum  are  not  accepted. 

The  more  important  works  have  a  very  good  system  of  storing  the  cement  after  grinding 
before  it  is  placed  on  the  market,  because  in  this  way  if  a  small  quantity  of  free  quickUme 
is  present,  it  is  slowly  hydrated  and  carbonated  by  the  moisture  and  carbon  dioxide  of  the 
&ir,  and  the  resulting  cement  is  more  stable  as  judged  by  the  test  of  deformation  or  of 
stability  of  volume. 

iB*or  this  reason  the  cement  which  is  discharged  from  the  grinding  apparatus  is  carried 
by  means  of  elevators  or  endless  rubber  bands  to  the  upper  portions  of  large  warehouses, 
^which  sometimes  have  a  capacity  of  thousands  of  tons,  and  is  gradually  discharged  at  the 
base  after  some  months  by  means  of  helical  transmitters,  which  correspond  to  the  various 
charging  doors,  and  thus  it  is  filled,  weighed,  and  the  packages  containing  60  kilos  each 
automatically  closed. 

For  foreign  or  oversea  markets  the  cement  is  filled  into  barrels  lined  with 
paper. 

In  America  the  use  of  paper  sacks  has  been  tried  for  transport  to  short  distances,  and 
these  ctfst  less  than  1^. 

Other  cement-forming  substances,  analogous  to  Portland  cement,  are,  for  example, 
the  **  grappier  "  cements  prepared  by  the  partial  utilisation  of  the  argillaceous  residues 
from  hydraulic  cements  which  do  not  crumble  with  water,  and  correcting  them  with  clay 
and  lime  before  burning.  It  is  obvious  that  these  cements  are  of  inferior  quality  to 
Portland  cement. 

Of  late  years  the  utilisation  of  blast-furnace  slag  has  acquired  great  importance  for 
the  preparation  of  slag  cement.  The  annual  production  of  blast-furnace  slag  is  60,000,000 
tons.  The  composition  of  this  slag  varies  within  the  following  limits :  SiOs,  27  to 
35  per  cent. ;  AI2O8  +  FejOs,  8  to  20  per  cent.  ;  CaO,  44  to  62  per  cent.  ;  MgO, 
0*6  to  6  per  cent. ;  H2SO4  (sulphates),  1*2  to  3  per  cent. ;  those  slags  in  which  the  ratio 
of  GaO  to  SiOs  is  greater  than  1  are  most  suitable.  Cements  of  the  true  Portland  charac- 
teristics are  obtained  from  slags  containing  large  amounts  of  silica  and  alumina  by  adding 
lime.  In  1861  the  firm  of  Fr.  Wilhelm,  of  Miilheim,  attempted  to  use  a  cement  made  of 
al&g  only  by  modifying  the  fluxes  in  the  blast  furnace  when  necessary,  but  the  results  were 
not  of  practical  value.  The  molten  slag  from  the  blast  furnace  is  to-day  obtained  in  a 
friable  and  easily  ground  condition  by  pouring  the  molten  slag  into  water.  A  powder  is 
thus  obtained  which  is  mixed  with  30  to  40  per  cent,  of  fat  slaked  lime  or  hydraulic  lime' 
and  then  burnt  in  the  usual  kiln.  Slag  cements  have  a  specific  gravity  of  2*7  to  2*8, 
and  usually  contain  calcium  sulphide  (u]^  to  4  per  cent.),  and  they  set  in  more  than  10 
hours.  In  the  United  States  these  cements  are  also  called  pozzolana,  of  which  20,000  tons 
were  manufactured  in  1906  and  about  600,000  tons  in  1909. 

A  so-called  tohite  Portland  cement  has  also  been  placed  on  the  market,  which  is  obtained 
by  heating  a  mixture  of  pure  calcium  carbonate  with  pure  kaolin  and  about  3  per  cent, 
of  gypsum  to  1200^,  or  also  from  a  mixture  of  100  parts  or  less  of  felspar,  100  parts  of 
kaolin,  about  30  parts  of  magnesite,  and  about  4  parts  of  sodium  chloride  to  from 
1400°-1600**.     This  cement  is  also  used  for  statuary. 

CEMENT  TESTING.  Portland  cements  form  a  fine  powder  of  a  grey,  greenish-yellow 
or  reddish-yellow  colour  ;  they  require  30  per  cent,  of  water  in  order  to  be  converted 
into  a  paste  of  normal  consistency,  whilst  cements  of  other  qualities  require  up  to  46  per 
cent,  of  water,  and  hydraulic  cements  even  more.  In  practice,  the  cements  are  used  as 
a  paste  to  which  pure,  fine  sand  is  added  in  the  proportions  of  1  to  3  parts  of  sand,  1  part 
of  cement,  and  0*6  to  0*7  part  of  water. 

The  absolute  density  of  Portland  cement  varies  from  3*10  to  3*26,  whilst  that  of  other 
cements  is  lower  than  3,  and  varies  from  2*7  to  3,  whilst  that  of  hydraulic  cements  is 
between  2*60  and  2*86.  The  specific  gravity  is  determined  with  a  pyknometer  or  with  a 
graduated  cylinder  («eepp.  72  and  107),  turpcntineoil  or  preferably  carbon  tetrachloride  being 
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employ  u  the  liquid,  and  the  cement  ia  used  after  passing  through  a  sieva  of  900  nMwh 
(per  square  c«ntimetn). 

The  apparent  deiiMty  is  determined  by  the  weight  of  one  litre  of  powdered  cement, 
collected  and  weighed  with  preecribed  precautions  in  suitable  veaselB. 

The  dtffree  of  fiiuMtu  is  also  of  great  pracUoal  importiuice.  The  best  qualitie*  yield 
a  residne  of  less  than  10  per  cent,  when  they  are  passed  through  a  fdove  containing 
4900  meshes  per  square  centimetre,  and  ordinary  quabties  less  than  20  per  cent., 
or  less  than  3  per  cent,  with  a  sieve  containing  900  meshes  per  square  oraitimetTe.    For 

this  purpose  the  Tetmajer  siere 
(Fig.  208)  is  used,  aiering 
100  grms.  of  the  cement,  ontU 
less  than  0-1  grm.  passes  through 

ion  giving  25  tnms  to  thf 
hantUe. 

In  valuing  a  cement  it    is 

necessary  to  take  the  timt  of 

I    aetliag  into   account.     This    is 

done  by  working  the  cement  ap 

to  a  paste   with   about  30  per 

Fia.  258,  cent  of  watw  (at  15°  to    18°, 

the  quantity  of  wat«r  varying 

with^the  fineness)  added  all  at  one  time,  and  stirring  it  with  an  iron  spatula  for    1 

to  5  minutes.    The  paste  is  immediately  placed  in  the  mould,  a  (Fig,  259),  4  cm. 

high  and  6  cm.  in  diameter,  and  setting  is  said  to  have  commenced  when  the  needle,  e. 

(Vicat's  needle,  of  a  weight  of  300  grms,  and  a  point  of  1  mm.  cross -section),  does  not 

succeed  in  penetrating  through  the  mass  cont^ned  in  the  mould ;    setting  is  said   to 

be  finished  when  the  same  needle  does  not  scratch  it  and  does  not  even  penetrate  the 

surface  of  the*block  of  cement  in  the  mould. 

Rapid-setting  cements  are  no  longer  scratched  after  15  t«  30  minutes,  whilst  slow- 
setting  cements  require  5  to  10  hours  and  hydraulic  cements  exceed  24  honta  (excepting 
those  which  are  strongly  hydrauUc). 

The  determination  of  the  resittanct  to  eomprta»ion  and  tension  is  also  important.  The 
first  is  determined  hysubmitting  a  brick  of  cubical  shape  and  60  sq,  cm, 
cross-section  to  pressure  in  a  hydraulic  press,  furnished  with  a  mercury 
manometer.  The  brick  is  obtained  by  mixing  1  part  of  cement  with 
3  parts  of  normal  sand  {clean  quartzose  sand  containing  at  least 
90  per  cent,  of  SiOj,  which  should  pass  completely  through  a  sieve 
with  holes  of  1-36  mm.  diameter,  and  should  all  be  retained  by  a 
sieve  with  holes  of  0-77  mm.  diameter)  and  abont  8  per  cent,  by 
wtight  of  water,  and  then  compressing  the  whole  with  a  mechanical 
hammer  {see  below),  and  exposing  it  to  the  air  for  one  day  and  in 
water  for  27  <laja  before  the  lest  is  made. 

It  may  also  be  tested  after  7  or  more  days,  and  the  resistance  is 
expressed  in  kilos  of  pressure   per  square   centimetre   of   surface  of    . 
the  face  exposed  to  the   pressure  until  it  crumbles   or  breaks.     1 
good  Portland  cement^  the   resistance    after  8    days  varies  between 
190  and  180  kilos,  and  after  28  days  between  200  and  220,  whilst  Fio.  259. 

after  90  days  it  exceeds  250  kilos. 

For  these  determinations  Amsler  and  LafFon's  hydraulic  presses  are  used  in  many 
laboratories  (Fig.  200),  and  with  thote  pressures  up  to  600  kilos  per  square  centimetre 
can  be  exerted  on  the  little  cube,  5,  which  is  held  down  by  the  screw,  6,  whilst  the  piston, 
2,  is  lowered  by  the  handle,  1,  and  transmits  the  pressure  to  the  oil  which  ruses  the  piston 
of  the  hell,  10,  and  the  pressure  is  simultaneously  transmitted  below  to  mercury  in  a  vosfd 
which  communicates  with  the  manometer,  9. 

Resistance  to  tension  is  determined  on  a  cement  biiek  which,  immediately 
after  being  made  with  water  and  sand  as  above,  is  compressed  in  a  dumb-bell  shaped 
mould  (Fig.  261),  of  exactly  prescribed  dimensions,  and  compressed  with  a  mechanical 
hammer  {Fig,  262)  which  weighs  2  kilos  and  gives  150  blows.  The  tension  t«st  is  made 
with  the  Fruhling-Michaclis  balance  (Fig.  203)  which  has  a  ratio  of  I  :  60  between  the 
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two  arms.  The  cement  brick  to  be  tested,  s,  whioh  haa  first  been  left  in  the  ur  for 
1  dftj  and  then  in  water  tor  27  days,  ia  clasped  hj  two  piuTB  of  pinoers.  A,  and 
then,  when  eqnilifannm  has  been  estehlished,  the  pan,  B,  ia  swipended  and  the  nurath  of 
the  reserroir,  D,  is  opened  so  that  the  lead  shot  conteined  in  it  are  allowed  to  fall  into 
the  raMTToir,  B,  nntil  the  test  piece,  a,  hreaks  at  the  narrowest  point,  where  its  cross-seotiiMi 
is  5  sq.  cm. ;  at  the  moment  of  fraotore  the  discharging  mouth  of  the  vessel  D  autoniati- 
catly  dosee  and  all  that  is  now  necessary  is  to  weigh  the  pan,  B,  with  the  lead  shot.    From 
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this  weight  multiplied  by  50  and  divided  by  6  (number  of  square  centimetres)  or  by  simply 
multiplying  the  number  by  10,  the  resistance  to  tension  is  obtained,  expressed  in  kilos 
per  square  centimetre.  After  lying  in  water  for  7  days  a  normal  cement  shows  a  resistance 
of  16  to  20  kilos,  after  28  days  of  21  to  25  kilos,  after  90  days  of  25  to  32  kilos,  and 
after  3yearsof  36  to  38  kilos.  In  general  the  resistance  to  pressure  is  9  to  10  times  greater 
than  the  reustanco  to  tension  during  the  first  days,  but  aft«r  some  time  it  is  12  to  16 
times  greater,  although  in  rapidly  setting  ccmcnte  after  28  days  in  water  the  resistance 
to  pressure  is  slightly  lower  than  during  the  first  days. 

A  most  important  property  of  cement  is  that  of  giving  mortars  wAieA  do  not  trntO. 
This  means  that  in  the  teat  in  which  the  bricks  are  formed  these  must  not  show  deforma- 
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tjoti,  cracking,  radial  cleayage,  or  enlargement  tom-ards  Ihe  edges  attor  soaking  in  water 
for  28  days.  Cakes  of  soft  morUr  prepared  with  the  cement  may  bo  placed  on  a  glass 
plate  ;  the  cake,  10  cm.  in  diameter  and  about  2  cm.  thick  in  the  centre,  is  ftlloved 
lo  stand  in  fho  air  in  a  moist  spot  tor  24  hours  and  then  immersed  in  wat«r  at  IS"  t<i 
20°  and  observed  once  a  week  as  described  above.  This  is  called  the  cold  teet,  but 
a  hot  test  is  now  generally  used  bccdui^e  it  is  more  rapid  and  also  enables  a  dear  opinion 
of  the  quality  of  the  cement  to  bo  obtained  ;  it  is  URuai  to  prepare  a  little  cylinder  ot 
mortoF  from  the  cement  which  is  placed  in  Lo  Chalelier'e  ring  (Fig.  264^  which  has  a 
diameter  of  3  cm.  and  is  3  cm.  high,  and  is  formed  of  a  flexible  metallic  sheet  split  at  one 
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point  where  two  long  needles  are  fixed  to  it  at  right  angles.  These  indicate  the  increaff 
of  volume  of  the  ecmcnt  cylinder  on  a  quadrant  after  the  cake  has  been  dried  for 
24  hours  in  the  air,  left  in  boiling  water  for  six  hours,  and  then  cooled  in  ordinary 
water  for  24  hours.  The  deformation  and  expansion  are  proportional  to  the  distance 
which  peparates  the  two  needle  points  of  the.  apparotus.  Delects  of  swelling  or  ex- 
pansion may  be  caused  by  bad  grinding  and  mixing,  by  iuBufScient  burning  {in  which 
f!ase  much  free  lime  remains),  by  excess  of  lime, 
of  gypsum,  or  of  magnesia  ;  in  fact,  if  durinp 
setting  there  is  continuous  formation  of  crystal- 
I  line  eatcium  hydroxide,  duo  to  excess  of  lime. 
throughout  the  mass,  it  is  not  sufficiently 
resistant,  and  so  much  pressure  is  produced  that 
it  breaks  to  pieces.  For  similar  reasons  morr 
than  2  per  cent,  ot  SOj  in  the  form  of  sulphates 
or  5  per  cent,  of  magnesia  (MgO)  cannot  be 
tolerated  in  cement ;  a  cement  cont^ning  IS  per 
cent,  of  free  lime  is  very  expanrnve  and  this  is 
Flo.  264.  corrected  during  manufactuio   by  the  addition 

of  gypsum.' 
An  unadulterated  cement  should  lose  loss  than  2-6  per  cent,  on  ignition,  and  the  alka- 
linity produced  in  water  with  which  0-5  grm.  ot  the  cement  has  l>een  mixed  should  require 
>  Tbe  rfrffrMiiufwn  of  /m  Ii'mr  in  rcnii'tit  l«  dlfflcult.  bnaiue  neither  #stFr  nnr  >n  iqaFoui  solution  can  br 
uiu^l.    In  ISie  A.  W.  Willie  pmpoxrd  tlic  fullowing  lc«I,  whlcli  la.  iJuwevvT,  qiulltatlve  nnlf. 

A  lev  nil II Ignmmtvollhi'puwdeivilcoment  are  placed  on  iinilcrDiicopc  slide  and  trntedwilb  ft  drop  oImr«(:<'ii> 
consisting  of  n  mixture  ot  5  gmH.  o(  plicnol.  5  gnm.  o[  nitrobenlcne,  and  Iwo  drops  ol  smler.  The  whole  In  lbe> 
covered  with  a  eovcrt<llp&nd  observed  under  tljemLeroBcope by  polarised  liicht-  If  free  lime  or  nUclumhydittxIdeis 
pTBvnC  ■mall  bundles  of  Khlnln||needle-i>haj>edcry8lALi  are  Been  In  the  dark  Sold  In  a  alMirt  time.  UDlomlte.  alclnnl 
loagonia  and  calcium  nilicalc  do  not  give  auch  crysUtl. 

In  1000  H.  DiandenburgpiopogeilaquantltatiTetatbydlatailnRBglven  weight  oltbecemmt  with  ■•oIuUdd 
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4  to  6-5  c.c.  of  --  hydrochloric  acid  for  saturation.     On  treating  1   grm.  of  cement 

directly  with  normal  hydrochloric  acid,  18-8  to  21*7  c.c.  are  required  for  saturation; 
1  grm.  of  cement  dispersed  in  water  should  not  reduce  more  than  2-8  mgrms.  of 
putassiimi  permanganate. 

We  have  ahready  stated  that  it  is  only  the  combined  silica  and  not  the  free  silica  which  is 
of  value  in  cements,  and  therefore  in  the  chemical  control  of  cements  the  tot^l  silica  is 
first  determined  by  the  usual  methods  and  that  portion  which  is  soluble  on  boiling  in  a 
solution  of  5  per  cent,  sodium  carbonate  is  then  also  determined ;  that  portion  which 
remains  undissolved  is  free  silica  (sand)  and  is  dried  and  weighed.^ 

APPLICATIONS  AND  STATISTICS.  Cement  has  to-day  acquired  extraordinary 
importance  because  it  is  used  in  all  works  under  water  or  in  moist  localities,  and  is  also 
used  as  concrete  in  prisms  or  large  blocks  formed  by  mixing  the  cement  with  sand  and  water 
and  then  allowing  it  to  dry  in  the  air. 

Extremely  large  quantities  are  used  to-day  for  structures  made  of  armoured  concrete 
which  has  partially  replaced  iron  and  wood  for  the  construction  of  buildings. 
Armoured  concrete  is  a  network  of  cast-steel  bars  and  wires  embedded  in  and  supported 
by  cement.  The  tensile  strength  of  iron  is  10  times  greater  than  that  of  cement,  and  the 
resistance  to  compression  of  the  latter  is  10  times  greater  than  that  of  iron.  On  the  other 
hand,  the  coefficient  of  linear  expansion  of  iron  and  of  cement  are  almost  equal,  being 
0*000,013,5  for  cement,  and  0*000,012,3  for  iron,  so  that  by  using  iron  and  cement  together 
the  advantages  of  both  materials  are  united,  and  the  disadvantages  of  either  avoided, 
so  that  a  constructive  material  is  produced  which  is  relatively  cheap  and  of  great  strength. 
Steel  girders  or  wires  do  not  rust  when  they  are  surrounded  by  the  mortar  which  consists 
of  1  part  of  cement  and  3  parts  of  pure,  washed  sand,  and  the  adhesion  is  extremely  good. 
Entire  buildings,  from  basement  to  roof,  are  to-day  constructed  of  armoured  concrete, 
including  the  dividing  walls  and  the  flooring. 

Cement  is  transported  for  long  distances  in  wooden  barrels  lined  with  cardboard  of 
170  kilos  net  weight,  and  180  kilos  gross  weight.  In  the  United  States  these  weights 
are  127  and  135  kilos  respectively.  Half -barrels  are  also  used.  In  small  quantities  and 
for  immediate  consumption  it  is  despatched  in  small  sacks  containing  50  kilos,  which  must 
be  kept  in  a  dry  spot.  In  America  the  use  of  paper  sacks  which  cost  Id.  to  l-2d,  each  has 
been  recently  tried.  The  best  quality  of  Portland  cement  was  sold  in  Italy  in  1906-1907 
at  about  £2  per  ton,  and  cement  of  second  quality  at  about  £1  12«.  per  ton,  but  during  the 
crisis  of  1907  the  price  dropped  to  below  £1  48,  The  various  qualities  are  distinguished 
by  various  coloured  bands.  In  Italy  there  is  a  protective  tariff  of  lOs.  per  ton  and  in 
France  of  4«. 

The  production  of  cement  in  various  countries  is  shown  in  the  Table  on  the  following  page. 

In  the  United  States  the  capital  invested  in  about  100  cement  works  is  approximately 
£60,000,000.  In  1909  attempts  were  made  to  form  a  trust  of  cement  works  with  a  capital 
of  £40,000,000,  but  were  not  successful. 

ULTRAMARINE 

This  is  a  compound  whieh  is  found  in  nature  in  Persia  and  Turkestan  under  the  name  of 

lapis  lazuli,  and  forms  a  hard  mass  of  sp.  gr.  2*75  to  2*95,  of  beautifid  blue  colour.     It  may  be 

polished  and  is  then  used  as  an  ornamental  stone.     Its  composition  has  not  been  clearly 

elucidated.     It  was  obtained  artificially  by  Gruelin  in  1882  and  is  prepared  to-day  in  large 

quantities  by  heating  a  mixture  of  about  100  parts  of  kaolin,  containing  less  than  1  per  cent. 

of  Fe203,  46  parts  of  soda,  41  parts  of  sodium  sulphate,  13  parts  of  sulphur  free  from 

arsenic,  and  17  parts  of  coal,  resin,  or  pitch  in  crucibles  to  a  white  heat  for  40  hours  out  of 

contact  with  the  air.     Sodium  sulphate  may  be  used  instead  of  soda,  and  thus  there  is 

both  sulphate  vUramarine  and  soda  ultramarine.    Reactions  occur  between  the  kaolin 

and  the  sodium  sulphide  which  is  produced  by  the  interaction  of  the  sulphate  and  the  coal. 

*  In  Italy  it  has  been  established  by  tho  Ministry  by  a  decree  of  January  10,  1907,  that  for  public  works 
cement  most  satisfy  the  following  requirements :  Its  volume  must  be  constant  by  the  hot  and  cold  test ;  its 
absolute  density  must  bo  not  less  than  3*05  ;  the  maximum  residue  on  a  900-mcsh  sieve  must  be  2  per  cent.,  and 
on  a  4Q0O-me8h  sieve,  20  per  cent. ;  the  setting  of  the  mortar  must  not  commence  before  1  hour  and  must  not 
finish  before  5  hours  or  after  12  hours ;  tho  resistance  to  tension  must  be  at  least  10  kilos  after  standing  in  water 
for  7  days,  and  20  kilos  after  28  days.  The  resistance  to  pressure  on  the  seventh  day  must  be  180  kilos  and  on 
tho  twenty-eighth  day  220  kilos ;  the  contents  of  gypsum,  expressed  as  SOg,  must  be  lower  than  1-2  per  cent, 
and  the  amount  of  magnesium  oxide,  MgO,  must  be  less  than  3  per  cent. 
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PRODUCTION  OF  CEMENT  IN  VARIOUS  COUNTRIES 


Country 

Year 

Quantity 

in 

Tons 

Notes 
Imports  and  Exports 

Italy      . 

1890 

104,000 

And  368,000  tons  of  hydraulic  cement. 

1906 

333,400 

at  £1  4s.,  and  436,000  tons  of  hydraulic  cement. 

1906 

389,000 

at  £1  69.,  and  466,000  tons  of  hydraulic  cement* 

1907 

— 

Imports  27,600  tons.    Exports  3000  tons. 

1908 

614,700 

21,000    „            „        4200    „ 

1909 

— 

,,           ^X,OUU      „                 „           tK>UU      ,, 

United  States. 

1882 

260,000 

Natural  (called  *'  Rosendale  '*)  from  calcareous 
clay,  rich  in  magnesia. 

1892 

1,000,000 

Natural,  and  a  little  artificial. 

1906 

4,600,000 

36,300,000  barrels  of   127    kilos   net   or   135 
kilos  gross,  mainly  artificial. 

1906 

6,900,000 

Mainly  artificial. 

1907 

6,100,000 

at    £3    per    barrel.    Imports   400,000    tons ; 
exports  116,000  tons. 

1908 

6,000,000 

Imports  168,000  tons.    Exports  106,000  tons. 

1909 

7,800,000 

Artificial   at  Se,  9d,  per  barrel,  more  than 
260,000   tons   natural   cement   at   28.    per 
barrel.     Imports     86,000     tons.       Exports 
136,000  tons. 

Germany 

1882 

610,000 

Both  natural  and  artificial. 

1899 

3,400,000 

Exports  693,000  tons  in  1907. 

1907 

4,700,000 

682,000      „       1908. 
612,000      „      1909. 
Imports  241,400      „      1907. 
168,600      „      1908. 
224,000      „      1909. 

France  . 

1900 

907,000 

Both  natural  and  artificial. 

England 

1907 

1,500,000 

From  1886  to  1906  lower  and  almost  constant. 

Belgium 

1896 
1906 

200,000 
700,000 

Tn  16  ^^'^^JExports  688,000-tons  in  1904. 

Russia   . 

1906 

1,100,000 

In  1880  cement  was  mainly  imported,  bat  in 
1890  there  was  already  over-production.     In 
1898  the  exporto  were  2600  tons,  in  1900 
3800  tons,  and  in  1903  11,000  tons.     The 
imports  were  41,000  tons  in  1898  ;    28,000 

tons  in  1900  ;  and  14,000  tons  in  1903.     In 
1900  there  were  36  works,  3  of  which  pro- 
duced more  than  200,000  tons  in  1904. 

Norway. 

1908 

46,000 

All  imported. 

Roumania 

1908 

60,000 

Japan    . 

1906 

100,000 

1907 

220,000 

1,300,000  barrels. 

Australia 

1907 

40,000  tons  imported  from  Germany  and  the 
United    States,    sold   at    16«.    per    ton    in 
Sydney. 

Canada  . 

1908 

550,000 

In  1908  4,000,000  barrels  were  consumed. 

Chili       . 

1907 

— 

Imports  98,434  tons. 

1908 

— 

„        53,000    „ 

Switzerland     . 

1892 

86,350 

1896 

114,000 
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According  to  Ger.  Pat.  206,466  of  1907,  the  reaction  may  be  completed  in  5  hours  by 
regulating  the  temperature  to  produce  three  phases,  and  by  adding  nitrate  or  another 
oxidiser  during  the  last  phase. 

The  kaolin  which  is  used  contains  more  than  3  per  cent,  of  water  of  hydration  causing 
a  loss  of  5  to  10  per  cent,  of  sulphur,  which  escapes  up  the  chimney  as  H2S,  to  the  detriment 
of  the  neighbourhood.  If  green  ultramarine  is  required  instead  of  blue,  the  mass  is  heated 
to  redness  with  5  per  cent,  of  sulphur  in  a  mufiQe  in  a  current  of  air,  and  the  quantity  of 
sodium  in  the  ultramarine  is  thus  diminished.  The  crude  ultramarine  so  formed  is  slowly 
cooled  and  repeatedly  boiled  with  water  in  order  to  remove  the  excess  of  Na2S04,  NasGOg, 
Na^SOs,  &c. ;  the  ultramarine  is  then  separated  in  a  hydro-extractor  or  a  filter  press. 
It  is  mixed  with  4  times  its  weight  of  magnesium  carbonate,  calcium  carbonate,  gypsum, 
or  kaolin,  and  finely  ground.  The  addition  of  a  little  glycerine  renders  the  colour  more 
intense.  Products  containing  more  Si02  may  be  violet  or  even  red.  By  the  action  of 
HCl  or  KISrOa  vapours  at  130^  blue  ultramarine  becomes  red. 

Ultramarine  contains  sulphides  and  polysulphides,  and  thus  with  acids  or  even  with 
salts  of  an  acid  reaction  such  as  alums  H2S  is  evolved  and  deoolorisation  takes  place,  but 
the  cause  of  the  blue  colour  is  not  exactly  understood.  It  is  insoluble  in  ordinary  solvents. 
To  the  ultramarines  containing  most  sulphur  and  silica,  the  formula,  Si«Al4NaeS4020f 
is  assigned,  and  it  may  be  stated  that  no  good  ultramarines  contain  more  than  66  per  cent, 
of  silica  and  alumina  (SiOg  +  AI2O3).  The  green,  blue,  violet,  and  red  ultramarines  are 
distinguished  by  various  proportions  of  sodium  and  sulphur. 

Ultramarine  is  used  in  painting  (in  the  Middle  Ages  natural  ultramarine  in  powder 
cost  up  to  £120  per  kilo),  for  tinting  and  printing  wallpaper,  &c.,  and  it  is  also  much 
used  for  correcting  the  yeUowish  shade  of  linen,  starch,  sugar,  paper,  Sco, 

Whilst  ultramarine  cost  128.  lOd:  per  kilo  in  1862,  the  price  to-day  is  less  than  9|^. 
The  European  production  was  8500  tons  in  1872  of  which  two-thirds  was  produced  in 
Germany,  but  the  production  is  not  increasing  to-day,  because  of  the  many  substitutes 
which  have  the  advantage  of  being  more  resistant  to  the  action  of  adds.  All  the  same, 
Germany  exported  4840  tons  of  ultramarine  in  1905  at  a  price  of  £25  12^.  per  ton. 

GALLIUM:  Ga,  69.9;  INDIUM:  In,  11 4.8; 

THALLIUM :  Tl,  204 

These  are  three  rare  elements  which  have  much  similarity  with  one  another 
and  with  aluminium.  Their  basic  character  increases  with  rise  of  the  atomic 
weight.  Thallium  also  forms  a  lower  oxide  in  which  it  behaves  as  a  monovalent 
element,  and  yields  a  strongly  basic  hydroxide,  Tl.OH.  The  specific  gravity 
and  boiling-point  rise  with  increase  of  the  atomic  weights. 

Before  GALLIUM  was  discovered  spectroscopically  in  a  blende  by  Boisbaudran  by 
means  of  two  violet  lines,  it  had  been  theoretically  predicted  in  1869  by  Mendelejew,  by 
means  of  his  periodic  system  of  the  elements,  and  had  already  been  called  eka-aluminium 
by  him.  It  is  a  white,  tough  metal  which  may  be  cut  with  a  knife  ;  it  melts  at  30°,  and 
has  a  specific  gravity  of  5*9.  It  does  not  react  with  water  and  is  only  slightly  attacked 
by  HNO3,  but  dissolves  in  HCl  and  in  alkalis.  With  aluminium  it  forms  liquid  alloys 
which  easily  decompose  water. 

The  Chloride,  GasCl,,  the  Hydroxide,  Ga(0H)8,  and  the  Sulphate,  Ga2(S04)s,  have 
similar  chemical  and  physical  properties  to  the  corresponding  aluminium  salts.  The 
sulphide  is  white  and  insoluble  in  acetic  acid  like  that  of  zinc.  An  Oxide,  Ga203,  a 
Chloride,  GaCl^,  a  Nitrate  and  a  GaUium  Alimi  are  also  known,  among  other 
compounds. 

INDIUBA.  This  element  was  discovered  by  Reich  and  Bichter  in  1863  by  means  of 
its  spectrum  which  contains  two  remarkable  blue  lines.  It  is  found  in  certain  zinc  blendes. 
It  is  a  softer  metal  than  lead,  white,  has  a  sp.  gr.  7-4  and  melting-point  176^  ;  it  does  not 
alter  in  the  air  and  bums  with  a  blue  flame,  forming  an  Oxide,  In203.  It  dissolves  more 
rapidly  in  HNO3  than  in  HCl  or  H2SO4.  The  Chloride,  InClj,  does  not  form  Ha  with 
hot  water,  thus  differing  from  those  of  AI,  Mg,  &c.  The  Hydroxide,  In(0H)3,  is 
insoluble  in  alkalis,  and  the  sulphate  forms  Alums.  The  Chlorides,  InCl^  and  InCl. 
are  also  known. 
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THALLIUM.  This  is  a  much  less  rare  metal  than  the  two  preceding,  and  was  dis- 
covered by  means  of  its  spectrum,  which  shows  a  fine  green  line,  by  Oookes  in  1861,  and 
by  Lamy  in  1862  in  the  sludge  of  the  lead  chambers,  being  contained  in  certain  pyrites 
and  blendes  (and  also  in  the  sylvine  and  camallite  of  Stassfurt).  It  is  a  metal  which  is 
rather  less  soft  than  sodium,  and  is  separated  from  the  above  products  by  dissolving  in 
H2SO4,  and  reprecipitating  with  HI  in  the  form  of  TIL  The  metal  is  of  a  leaden  colour, 
of  sp.  gr.  11-8,  and  boils  at  290^  It  is  somewhat  oxidised  in  the  air,  but  remains  unaltered 
under  water.  It  is  soluble  in  H2SO4  and  in  HNO3,  but  is  only  slightly  soluble  in  HO, 
because  it  becomes  covered  by  insoluble  chloride.     It  bums  with  a  bright  green  flame. 

Thallitun  when  acting  as  a  monovalent  element  forms  ihaUous  compounds,  which  are 
similar  to  those  of  the  alkali  metals.  Thus  the  hydroxide  and  the  carbonate  show  an 
alkaline  reaction  and  form  salts  similar  to  those  of  potassium  with  which  they  are  iso- 
morphous  ;  thus  also  thallous  sulphate  forms  an  alum,  &c.  As  a  trivalent  element, 
thallium  forms  thallic  compounds  which  have  a  certain  similarity  with  those  of  aluminium, 
but  thallic  sulphate  forms  an  alum  containing  8  molecules  of  water  instead  of  24. 

The  halogen  compotmds  of  thallium  are  very  insoluble,  and  in  this  respect  it  resemble? 
silver.  Glass  containing  thallium  is  now  produced  and  refracts  light  very  strongly  like 
lead  glass. 

ELEMENTS  OF  THE  RARE  EARTHS 

This  group  comprises  numerous  more  or  less  rare  elements  and  they  have  not  been  all 
sufficiently  studied  to  make  it  certain  that  they  are  all  true  elements.  The  better  known 
are :  Scandium,  So,  441  ;  Yttrium,  Y,  89  ;  Lanthanum,  La,  139  ;  Cerium,  Ce,  140-25  ; 
Praseod3rmium,  Pr,  140-6 ;  Neodsrmium,  Nd,  144-3  ;  Samarium,  Sa,  150-4  ;  Gadolinium, 
Gd,  157-3  ;  Terbium,  Tb,  159-2 ;  Erbium,  Er,  167-4  ;  ThuHum,  Tm,  168-6  ;  Ytterbium, 
Yb,  172. 

These  elements  are  often  found  together  with  the  rare  oxides  of  thorium,  Ac.,  which 
have  already  been  described  on  p.  403,  and  are  separated  from  one  another  by  complicated 
methods  which  utilise  certain  special  properties  of  their  salts,  as  in  the  case  of  the  earths 
already  described  on  that  page. 

SCANDIUM.  Mendelejew  had  already  predicted  the  existence  of  this  element  before 
it  was  discovered,  and  called  it  ekaboron,  on  account  of  its  position  as  a  neighbour  to  boron 
in  the  periodic  system.  The  hydroxide,  Sc(0H)3,  is  obtained  in  a  gelatinous  form  by  the 
action  of  alkalis,  and  is  insoluble  in  excess  of  the  latter. 

CERIUM  is  foimd  in  cerite,  Ce4Si30i5He,  which  contains  60  per  cent.  o{  this  element. 
It  has  an  appearance  similar  to  iron,  but  does  not  alter  in  the  air,  although  it  bums  at 
high  temperatures  {see  also  p.  403).  It  forms  an  oxide,  OegOs,  from  which  the  cerous 
compounds  are  derived,  and  another  oxide,  CeOs,  which  forms  eerie  salts. 

LANTHANUM  {see  p.  403)  is  a  trivalent  element,  and  forms  an  oxide,  La^Os,  and 
various  salts. 

PRASEODYMIUM  and  NEODYMIUM.  These  were  at  one  time  believed  to  form 
a  single  element,  Didymium,  which  was  later  separated  into  the  two  others  by  Auer. 
Neodymium  salts  are  red,  whilst  those  of  praseodymium  are  green,  and  the  two  elements 
also  show  different  spectra. 

YTTERBIUM.  This  is  obtained  from  the  earth  erbia,  which  mainly  consists  of  the 
oxide,  YbgOg,  and  is  formed  from  Oadolinite,  {BejFe)(YbO)2{Sio4)2.  Its  salts  give 
no  emission  spectrum  and  are  colourless.  In  1908-1909  Auer  showed  that  ytterbium 
is  formed  of  two  elements.  Cassiopeium  and  Aldebaranitmi, 

YTTRIUM  is  foimd  in  Oadolinite,  Yttrialite,  &c.,  and  may  be  separated  from  the 
cerite  earths  by  means  of  the  solubility  of  its  double  potassium  sulphate  in  concentrated 
sulphuric  acid.     The  oxide,  Y2O3,  is  present  in  the  filament  of  the  Nemst  lamp. 

SAMARIUM.  This  element  is  found  in  monazite.  ^  An  oxide,  SagOa,  and  a  well- 
crystallised  chloride,  SaCla,  are  known. 
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FOURTH  GROUP:  TETRAVALENT  METALS 

GERMANIUM:  Ge,  72.5;   TIN:  Sn,  119; 

LEAD  :  Pb,  207.1 

These  elements  also  form  oxides  of  the  type  MeO  in  which  they  are  divalent 
and  which  have  a  basic  character  which  increases  with  rise  of  the  atomic 
weight.  The  derivatives  of  the  dioxides,  in  which  the  metals  are  tetravalent, 
have  a  weakly  acid  character  which  diminishes  with  rise  of  the  atomic  weight. 
Thus  such  derivatives  of  lead  are  immediately  decomposed  by  water.  These 
elements  have  a  certain  similarity  with  silicon  and  carbon,  although  their 
character  is  more  metallic. 

GERMANIUM :  Ge,  72*5 

Mendelejew  had  predicted  this  element  in  1871  and  called  it  ekaailicon,  also  predicting 
its  physical  and  chemical  properties.  It  was  discovered  in  1886  by  Winkler  in  the  mineral, 
ArgyrodiUy  which  is  a  sulphide  of  silver  and  germanium,  GeS2.3Ag2S,  when  all  the 
predictions  of  Mendelejew  were  fully  and  exactly  verified.  He  obtained  the  free  metal 
by  heating  this  mineral  with  carbon  in  a  current  of  hydrogen.  It  is  a  very  rare  element 
which  has  a  white  metallic  lustre,  gives  a  characteristic  spectrum,  crystallises  in  octahedra, 
of  sp.  gr.  5*472,  and  melts  at  900°.  It  is  stable  in  the  air,  is  insoluble  in  HCl  (like 
silicon),  and  forms  a  hydroxide  with  nitric  acid  (like  tin) ;  it  dissolves  in  molten  alkalis. 
The  derivatives  of  the  oxide,  GeO,  which  are  called  germanous  compounds,  are  rather 
unstable,  and  those  of  the  oxide,  Ge02,  are  called  germanic  compounds,  and  are 
characterised  by  their  greater  stability. 

GERMANOUS  OXIDE :  GeO.  This  is  obtained  from  the  hydroxide  which  is  formed 
by  adding  potassium  hydroxide  to  germanous  chloride. 

GERMANIC  OXIDE:  GeOs.  This  is  formed  from  germanium  with  HNO3,  or  by 
roasting  the  sulphide  or  hydroxide.  It  separates  as  a  white  powder,  which  is  stable  on 
heating.  It  is  insoluble  in  acids,  slightly  soluble  in  water  with  acid  reaction  and  forms 
salts  with  bases. 

GERMANIC  SULPHIDE :  GeSg.  This  compound  is  obtained  as  a  white  precipitate 
from  a  hydrochloric  acid  solution  of  Ge02  with  H2S ;  it  evolves  H2S  in  the  air  and  dissolves 
in  alkali  sulphides  and  in  alkalis  forming  sulpho-salts. 

TIN:  Sn,  119 

Tin  is  a  metal  which  has  been  known  to  man  since  remote  antiquity.  It 
abounds  in  the  form  of  oxide  (cassiterite,  tinstone,  Sn02)  in  certain  deposits  in 
Cornwall,  Saxony,  Peru,  Tuscany,  the  island  of  Banka,  &c.,  and  the  largest 
tin  works  existing  to-day  are  in  the  island  of  Pulo  Brani,  near  Singapore. 

The  extraction  of  tin  from  cassiterite  is  relatively  simple.  The  mineral  is  first  crushed, 
levigated  with  water  in  order  to  separate  it  from  much  gangue,  and  is  then  roasted  in 
a  furnace  with  a  revolving  hearth.  In  this  way  the  sulphur  and  arsenic  are  eliminated. 
After  this  the  residue  is  again  levigated  and  in  certain  cases  is  also  treated  with  crude 
HCi  in  order  to  separate  Fe,  Cu,  and  Bi.  Finally  it  is  mixed  with  coal  and  completely 
reduced  in  a  cupola  or  reverberatory  furnace. 

The  tin  drops  to  the  bottom  into  a  separate  vessel.  The  slag  which  remains  is  again 
treated  in  a  reverberatory  furnace.  The  refining  of  the  tin  is  carried  out  by  melting  it 
at  a  fairly  low  temperatiure  in  such  a  way  that  the  impurities  collect,  together  with  foreign 
metals*  into  easily  separable  lumps.  The  tin  which  has  thus  been  piurified  is  again  melted 
and  is  continuously  stirred  with  rods  of  fresh  wood  as  in  the  refining  of  copper  (p.  544), 
in  such  a  manner  that  the  ozidisable  metals  separate  at  the  surface  and  pure  tin 
remains. 

The  recovery  of  tin  from  scrap  or  turnings  of  tinplate  (tinned  sheet-iron  containing 
3  to  5  per  cent,  of  tin)  is  an  important  operation.    At  one  tiiU9  tbosQ  tuniings  were  simply 
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heated  and  the  molten  tin  collected  ;  but  it  is  preferable  to  treat  them  with  hydrochloric 
acid  or  a  mixture  of  HOI  +  HNO^,  slightly  dilute  and  in  the  cold  ;  thus  10  parts  of  crude 
HCl,  1  part  of  crude  HNOs,  and  10  parts  of  water  may  be  used  per  100  parts  of  tinplatc. 
From  the  solution  so  obtained  the  tin  is  precipitated  by  zinc  foil  after  it  has  been  almost 
neutralised.  Of  late  years  the  electrolytic  process  has  acquired  importance  in  various 
modifications.  According  to  the  process  of  Siemens  and  Halske,  the  bundle  of  tinplate 
scrap  is  used  as  the  anode  in  a  bath  of  hydrochloric  acid  (1  vol.  of  60  per  cent,  acid  +  9 
vols,  of  water),  in  which  1  per  cent,  of  free  acid  must  always  be  present  during 
electrolysis  ;  spongy  tin  thus  collects  at  the  cathode  which  consists  of  a  tinned  copper 
plate.    A  current  of  100  amps,  per  square  metre  is  used. 

Better  results  are  obtained  by  electrolysis  in  a  hot  bath  at  70°  to  80^,  containing  10  per 
cent,  of  sodium  hydroxide  and  10  per  cent,  of  Nad  as  proposed  by  Keith  in  1876  (U,S.  Pat. 
176,658).  In  this  way  any  varnish  and  grease  on  the  scrap  are  removed.  The  scrap  is 
compressed  into  bundles  and  used  as  the  anode,  the  cathode  being  formed  of  sheet  iron 
on  which  the  tin  separates.  At  the  anode  electrolytic  oxygen  is  formed  which,  in  presence 
of  NaOH,  forms  sodium  stannate  with  the  tin  which  dissolves  in  the  hot  solution  : 


Sn  +  Og  +  2NaOH  -  SnO,Naj|  +  HgO. 


At  the  cathode  electrolytic  hydrogen  is  formed,  and  reduces  the  stannate,  separating 
spongy  tin  and  regenerating  the  sodium  hydroxide : 

SnOjNag  +  4H  «  HgO  +  2NaOH  +  Sn. 

The  scrap  iron  which  remains  may  be  used  in  open-hearth  furnaces  for  the  preparation  of 
steel  if  it  contains  less  than  about  0*08  per  cent,  of  tin.  It  is  necessary  to  work  at  a  low 
tension  with  a  potential  difference  between  the  one  bath  and  the  other  not  greater  than 
2  to  3  volts,  and  a  current  density  not  greater  than  0*76  amp.  per  square  metre  of  cathode 
surface.  L.  Annoni  in  1909  increased  the  surface  of  the  cathode  in  order  to  obtain  less 
difference  between  the  extent  of  the  anodic  surface,  which  is  formed  of  bundles  of  tinplate, 
and  that  of  the  cathodic  surface,  by  forming  the  latter  of  iron  wire  netting.  There  should 
not  be  more  than  5  per  cent,  of  sodium  stannate  nor  more  than  3  per  cent,  of  sodium 
carbonate  in  the  bath.  The  bath  should  be  in  continuous  circulation  from  one  vessel  to 
the  other  so  that  the  stannate  may  not  be  dissociated  and  may  not  be  transported  to  the 
cathode  by  the  current.  It  is  also  necessary  to  heat  the  bath  in  order  to  maintain  it 
at  constant  temperature.  The  tin  is  removed  every  12  hours  by  carefully  removing 
the  cathode  with  the  adherent  grey  and  spongy  tin,  immediately  immersing  it  in  a  vessel 
of  water  and  detaching  the  tin  with  a  small  scraper  whilst  it  is  immersed  in  order  to  avoid 
oxidation  which  easily  occurs.  It  is  then  rapidly  and  repeatedly  washed  and  compresssed 
into  blocks  which  still  contain  10  to  15  per  cent,  of  water.  These  are  melted  in  graphite 
crucibles,  sprinkling  the  surface  with  a  little  colophonium  in  order  to  avoid  oxidation. 
The  slag  and  the  tin  residues  are  resmelted  with  coal  in  a  reverberatory  furnace.  Tin  from 
detinning  works  containing  98  to  99  per  cent,  of  Sn  is  not  suitable  for  the  preparation  of 
fresh  tinplate,  but  is  satisfactory  for  other  purposes.  In  order  to  maintain  the  composition 
of  the  electrolyte  constant  it  is  necessary  to  continually  replace  a  portion,  and  the  tin 
is  regenerated  from  the  portions  which  are  removed  by  saturating  them  with  002,  and  thus 
precipitating  H2Sn03  which  is  sold  to  enamel  works.^ 

Another  process  which  appears  to  give  better  results  than  the  electrolytic  process  is 
the  chlorination  process  proposed  by  Higgins  in  1854  (Eng.  Pat.  767)  and  perfected  by 
Parmelee  in  1870,  Lambotte  in  1884  (Ger.  Pat.  32,517),  and  still  further  by  Th.  Goldschmidt 
in  1905  (Ger.  Pats.  176,457,  181,876  and  188,018),  who  compresses  the  scrap  into  compact 
btmdies,  perforates  them  in  all  directions,  washes  them  with  a  solution  of  hot  sodium 
hydroxide  and  then  with  water,  dries  them,  and  heats  them  until  the  lead  solder  is  melted. 
Ho  then  finally  brings  them  into  contact  with  dry  chlorine  in  cooled  vessels  under  pressure. 
Pure  stannic  chloride  collects  below  and  pure  iron  remains,  which  is  not  attacked  if  the 
scrap  and  the  chlorine  were  dry. 

^  Acooiding  to  L.  Annoni,  half  a  ton  of  Bcnp  can  be  detlnned  in  two  honn  In  the  detinning  establishment  of 
Pont  St.  Martin  in  nine  vessels  arranged  in  series,  each  of  which  has  a  capacity  of  2  co.  metres,  and  contains  4 
bundles  of  scrap,  each  weighing  15  kilos  and  5  cathodes  using  a  current  of  800  amps,  at  20  volts.  Supposing 
that  the  scrap  contains  2-5  per  cent,  of  tin  on  the  avenge,  the  current  efficiency  will  be  70  per  cent,  of  the  theory, 
an  in  theory  lamp.-hour  deposits  1-72  gnns.  of  Sn*^,  and  practically  0-86  grm.  is  obtained.  (ZVofuMor's  *'!«, 
— ^Theie  is  obviously  something  wrong  with  these  figures.) 


TIN  607 

Traces  of  FeCls  easily  cause  the  iron  to  mst,  and  this  is  avoided  by  subjecting  it  to  mild 
electrolysis. 

The  Goldschmidt  Company  in  Germany  annually  treats  50,000  tons  of  tinplate  by  this 
method. 

In  Germany  75,000  tons  of  tinplate  scrap  are  treated  annually  in  8  to  10  works, 
about  30,000  tons  in  the  rest  of  Europe,  and  about  60,000  tons  in  the  United  States.  In 
Italy  there  are  four  works  which  are  able  to  treat  10,000  tons  of  tinplate,  as  much  as  is 
produced  in  the  country,  but  actuaUy  a  smaller  quantity  is  treated,  and  new  tinplate 
costs  up  to  £4  per  ton,  whilst  that  from  objects  which  have  been  used  only  costs  £1  4^. 
to  £1  I2s.,  and  the  detinned  iron  is  sold  at  £2  Ss.  per  ton.  Tinplate  scrap  pays  Ss.  per 
ton  import  duty  on  entering  Italy,  and  there  is  no  export  duty.  In  1909  the  firm  of  Th. 
Goldschmidt  established  a  German-American  company  with  a  capital  of  £600,000,  for 
the  exploitation  of  the  process  of  detinning  with  chlorine  throughout  the  world. 

PROPERTIES.  Tin  is  a  metal  of  silvery  appearance  which  melts  at  233^ 
and  distils  at  1500°.  It  has  a  specific  gravity  of  7*29.  At  the  ordinary  tem- 
perature it  is  pliable  and  malleable,  and  may  be  converted  into  extremely 
thin  foil  (tin  foil),  whilst  at  200°  it  is  brittle.  It  has  a  crystalline  structure, 
and  on  bending  sticks  of  tin  the  so-called  cry  of  tin  is  heard,  which  is  due  to 
the  friction  of  the  crystalline  particles.  On  pouring  HCl  on  to  a  surface  of  tin, 
radiating  crystalline  markings  remain  which  give  the  metal  a  frosted  metallic 
appearance.  At  a  temperature  of  —  40°  it  modifies  its  structure  and  powdery 
Grey  Tin  is  obtained  of  sp.  gr.  5-8.  It  is  not  altered  in  the  air  or  by  water.  li 
kept  fused  for  some  time  it  becomes  covered  with  a  grey  layer  of  tin  oxide. 
It  is  soluble  in  cold,  dilute  nitric  acid,  in  HCl,  in  concentrated  H2SO4,  and  in 
hot  NaOH,  with  evolution  of  H.  With  concentrated  HNO3,  however,  it 
directly  forms  metastannic  acid  without  dissolving.  It  resists  alkalis  and 
weak  acids,  such  as  acetic  acid  and  the  other  organic  acids,  very  well  in  the 
cold. 

Tin  forms  two  series  of  derivatives,  stannous  compounds,  in  which  it  behaves 
as  a  divalent  element,  and  stannic  compounds,  in  which  it  is  tetravalent. 

On  account  of  its  resistance  to  ordinary  reagents,  tin  is  much  used  for  objects 
and  vessels  in  common  use,  and  for  tinning  copper  and  iron  utensils  (kitchen 
utensils,  A;c.^) ;  tinplate,  which  consists  of  tinned  iron,  is  obtained  by  immersing 
iron  plates  previously  washed  with  HCl  or  H2SO4  into  baths  of  molten  tin. 
Tin  foil  is  used  for  mirrors  and  for  wrapping  up  foodstuffs.  Much  tin  is  used 
alloyed  with  other  metals.  Ordinary  solder  contains  tin  and  lead  in  almost 
equal  proportions  and  melts  at  a  lower  temperature  than  either  of  its 
components. 

BroTizes  contain  tin  and  copper  {see  p.  547).  A  tin  amalgam  is  also  prepared 
for  silvering  mirrors. 

The  vxn-ld^s  "production  of  tin  was  40,000  tons  in  1880,  and  rose  to  91,000 
tons  in  1903,  of  which  38,000  tons  were  used  in  the  United  States,  15,000  in 
Germany,  and  11,000  tons  in  England ;  in  1907  the  world's  production  was 
98,700  tons,  of  which  56,550  tons  were  produced  in  the  United  States,  and 
6500  tons  in  Germany ;  the  consumption  in  1907  was  20,500  tons  in  England 
and  15,100  tons  in  Germany.  The  world's  production  in  1908  was  105,500  tons. 
The  jirice  of  tin  varies  greatly  on  account  of  speculative  operations.  In  1880 
it  cost  £88  68,  per  ton  ;  in  1895  £66  per  ton  ;  in  1902  £120  per  ton,  and  rose 
in  1906  up  to  £152  to  £160.  Italy  produced  14  tons  of  tin  from  scrap  in  1905 
and  imported  2300  tons,  including  its  alloys  with  lead  and  antimony.  In  1906 
it  imported  3361  tons  and  in  1909  2554  tons  of  the  value  of  £347,400,  apart 
from  200  tons  of  worked  objects — wire,  capsules,  Ac. — of  the  value  of  £26,000. 

The  production  of  tinplcUe  in  the  United  States  of  America  in  1891  was  only 

>  The  firm  of  Postler  A  Co.,  of  Dresden,  placed  a  paste  on  the  market  In  1908  (L/lt-BlUz),  which  when  stirred 
up  with  water  is  spread  on  to  well-cleaned  metallic  parts  without  dismounting  them  :  the  object  is  then  heated 
directly  with  a  benxene  lamp  and  a  homogeneous  tin  surface  is  thus  obtained  directly. 


608  INORGANIC    CHEMISTRY 

999  tons,  and  rose  to  458,000  tons  in  1904,  without  including  65,000  tons 
imported  from  England,  which  produced  600,000  tons  in  1908. 

Italy  produced  28,277  tons  of  tinplate  in  1908  of  the  value  of  £517,538, 
and  imported  14,000  tons  of  tinned,  coppered  or  oxidised  iron  sheet  in  1909  of 
the  value  of  £320,000. 

STANNOUS  COMPOUNDS 

STANNOUS  OXIDE:  SnO  (Tin  Monoxide).  This  is  a  black  powder  which  is 
formed  on  heating  stannous  hydroxide  in  a  current  of  CO^t  s^nd  readily  oxidises  in  the 
air,  forming  stannic  oxide,  Sn02. 

STANNOUS  HYDROXIDE:  Sn(0H)2.  This  compound  is  obtained  as  a  white 
precipitate  by  the  action  of  sodium  carbonate  on  a  solution  of  stannous  chloride, 

SnCIg  +  NagCOs  +  HgO  «  Sn(0H)2  +  2Naa  +  OOj. 
It  is  insoluble  in  NHs,  but  dissolves  in  sodium  hydroxide  forming  Sodium  Stannite, 
Na2S|i02,  which  is  transformed  on  heating  into  soluble  Sodium  Stannate,  Na2SnOs,  ^th 
separation  of  metallic  tin. 

STANNOUS  CHLORIDE  :  SnClj.  This  compound  is  obtained  on  treating 
tin  with  the  calculated  quantity  of  HCl  according  to  the  equation,  Sn  +  2HC1  = 
SnClj  +  H2,  and  crystallises  with  2H2O,  forming  common  tin  salt,  which  loses 
water  at  100°,  melts  at  250°,  and  distils  unaltered  at  606°  with  a  vapour  density 
corresponding  to  the  formula,  Sn2Cl4,  whilst  at  900°  it  corresponds  to  SnCIj. 
It  is  soluble  in  a  little  water,  more  especially  in  presence  of  HCl,  and  is  a  strong 
reducing  agent  (p.  538) ;  with  much  water  a  white  powder  of  the  oxychloride 
SnOH .  CI  is  formed  and  is  also  formed  together  with  SnCl4  on  allowing  a  slightly 
acid  solution  to  stand  in  the  air.  Stannous  chloride  is  decomposed  by  strong 
H2SO4  with  evolution  of  HCl.    It  also  forms  double  salts  such  as  SnCl2.2KCl. 

It  is  used  as  a  mordant.     Germany  produced  810-5  tons  in  1905. 

STANNOUS  SULPHIDE  :  SnS.  This  is  precipitated  as  a  brown,  amorphous  powder 
on  treating  a  stannous  salt  with  H2S,  or  as  a  blue  crystalline  powder  on  melting  tin  with 
sulphur.  It  is  insoluble  in  alkali  sulphides,  but  dissolves  in  poljrsulphides  on  heating  to 
form  a  sulphostannate :  SnS  +  Na2S2  »  Na2SnS3.  On  treatment  with  HCl,  H^S  is 
evolved  and  SnCl2  is  formed.  '  *  "" 

STANNIC  COMPOUNDS 

STANNIC  OXIDE  (Tin  Dioxide):  SnOz  (Stannic  Anhydride).  This  is  found  in 
nature  as  cassiierUe  of  sp.  gr.  6*8,  and  is  also  formed  on  heating  mqlten  tin  in  the  air.  It  is 
a  white  amorphous  substance  which  only  melts  at  the  temperature  of  the  electric  furnace. 
It  is  insoluble  in  alkalis  and  acids.     When  fused  with  NaOH  it  forms  soluble  stannatcs. 

Italy  imported  32-5  tons  in  1907  and  63-7  tons  in  1909  of  the  value  of  £8240. 

STANNIC  HYDROXIDE.  The  compound  Sn(0H)4  is  not  known,  but  the  mela- 
hydroxide,  HjSnOs,  has  been  well  studied.  It  has  an  acid  character  and  occurs  in  two 
modifications : 

a-Metastannic  Acid  forms  as  a  white  precipitate  on  treating  a  solution  of  stannic 
chloride  with  NH^  or  NaOH,  or  an  alkali  stannate  with  HCl : 

SnCU  +  4NaOH  =  4NaCl  +  HgO  +  HaSnOa. 
This  compoimd  is  soluble  in  alkalis,  in  HCl,  and  in  strong  HNO3. 

/3-Metastannic  Acid  is  formed  on  treating  tin  with  strong  nitric  acid.  It  is  in- 
soluble in  alkalis  and  only  combines  with  an  excess  of  these  to  form  sodium  metast annate, 
which  is  soluble  in  water,  but  not  in  alkali.  On  heating  with  HCl  it  forms  Metastannic 
Chloride,  SnCl4,  which  is  not  identical  with  the  ordinary  stannic  chloride,  and  is  insoluble 
in  strong  HCl,  but  soluble  in  water. 

The  /3-acid  is  transformed  into  the  a -acid  on  boiling  or  on  fusing  it  with  alkali  hydroxides. 

The  /3-acid  is  probably  a  polymer  of  the  a -acid.     According  to  W.  Mecklenburg  (1909) 

the  various  varieties  of  stannic  acid  are  best  accoimted  for  by  supposing  them  to  consist  of 

particles  of  varying  size,  which  separate  from  the  alkaline,  acid,  or  neutral  colloidal  solution, 

.and  that  the  a-acid  consists  of  smaller  particles  than  the  /3-acid. 

Amongst  the  various  salts  of  a-metastannic  acid,  the  sodium  salt,  Na^SnO^  +  SHfO, 
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which  is  used  in  dyeing,  deserves  mention.    It  is  more  soluble  in  cold  than  in  hot  water, 
and  is  obtained  on  fusing  the  oxide,  SnOg*  with  NaOH. 

STANNIC  CHLORIDE  :  SnCl4.  This  is  a  liquid  which  fumes  strongly  in  the 
air  and  is  obtained  by  the  action  of  chlorine  on  tin  or  stannous  chloride.  It  has 
a  specific  gravity  of  2*27  and  boils  at  114°.  In  contact  with  moisture  or  a  little 
water  it  is  transformed  into  a  crystalline  mass,  8nC7l4.5H20,  of  the  consistency 
of  butter  (butter  of  tin).  It  is  prepared  industrially  by  dissolving  granulated 
tin,  obtained  by  pouring  molten  tin  into  water,  with  concentrated  hydrochloric 
acid  of  20°  B6.  Stannous  chloride  of  60°  B6.  is  thus  obtained  and  this  is  then 
neutralised  and  heated  with  40  per  cent,  of  concentrated  HCl  of  20°  B^.  in 
presence  of  a  little  sodium  chlorate  as  an  oxidising  agent : 

SSnClg  +  NaClOj  +  6Ha  =  SHjO  +  NaCl  +  SSnQ^. 

The  resulting  solution  is  placed  on  the  market  under  the  incorrect  name  of 
"  Pink  Salt." 

It  is  advantageously  prepared  to-day  by  the  Goldschmidt  process  (see 
above.  Tin)  by  treating  tinplate  scrap  (tinned  iron)  directly  with  dry  chlorine 
gas  from  liquid  chlorine.  If  the  chlorine  and  the  scrap  are  dry  the  iron  is 
not  attacked  (see  also  U.S.  Pat.  877,261  of  1908). 

According  to  U.S.  Pat.  874,040  of  1907  the  tin  can  be  dissolved  from  the 
plate  with  an  anhydrous  solution  of  stannous  chloride  (see  also  Perino, 
Ger.  Pat.  212,757  of  1907  and  Fr.  Pat.  401,125  of  1909). 

On  diluting  the  aqueous  solution,  HCl  and  metastannic  acid  are  formed : 
SnCl4  +  3H2O  =  SnOgHa  +  4HC1.  It  is  unaltered,  on  the  other  hand,  by 
hot  sulphuric  acid. 

Well-crystallised  double  salts  are  known,  of  which  pink  salty  so  called 
on  account  of  its  pale  pink  colour,  SnCl4.2NH4Cl,  was  at  one  time  much  used 
in  dyeing  and  in  weighting  silk.  It  may  be  considered  as  the  ammonium 
salt  of  chlorostannic  acid,  H2SnCl0,  and  is  obtained  by  saturating  an  aqueous 
solution  of  2  parts  of  tin  salt,  SnCl2.2H20,  with  chlorine,  and  then  pouring 
the  whole  into  a  hot  solution  of  1  part  of  NH4CI  in  2  parts  of  water.  The  con- 
centrated aqueous  solution  does  not  decompose  on  heating,  but  when  dilute 
metastannic  acid  separates.  Solid  pink  salt  costs  £80  per  ton,  and  in  solutions 
of  50°  Be.  £44  16«.  Stannic  chloride,  crystallised  or  in  solution,  is  usually 
placed  on  the  market  to-day  under  the  denomination  of  pink  salt.^ 

Italy  imported  2-9  tons*  of  stannic  chloride  in  1906,  29-2  tons  in  1907, 
84-2  tons  in  1908,  and  172-2  in  1909,  of  the  value  of  £16,532.  In  1905  Italy 
produced  250  tons  of  pink  salt  and  200  tons  in  1907  of  the  value  of  £8400 

^  Table  Bhowfng  the  densities  and  concentrations  of  solntions  of  stannic  chiorlde  at  16"  : 
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2 
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66 
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4 
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36 

52 
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68 
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6 
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1-259 

38 
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70 

6-2 
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8 
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40 
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72 

7-9 
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10 
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42 
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74 

9-6 
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12 

34-2 

1-310 

44 
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76 

11-1 
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14 
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46 

59-4 
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78 

12-5 
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16 
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48 
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80 
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18 
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50 
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82 

15-8 
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20 

40-2 
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52 
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84 

17-3 

1187 

22 

41-7 

1-406 

54 

65-2 

1-824 

86 

18-9 

1151 

24 

43-2 

1-426 

56 

— . 
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88 

20-8 

1-165 

26 

44-6 

1-447 

58 

~— 

1-893 

90 

22 

1-180 

28 

46 

1-468 

60 

._ 

1-932 

92 

23-6 

1'195 

30 

47-6 

1-491 

62 

1-969 

94 

25 

1-210 

32 

48-9 

1-514 

64 

~~" 

1-986 

96 

39 
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STANNOHB^  SULPHIDE :  SnS,  (Artifidai  Gold).  This  is  .fonned  m  »  yellow 
Rmorphona  mass  by  the  action  of  H,S  on  solvtione  of  811CI4,  in  tJie  form  of  light  scales  of 
a  golden  colour.  It  is  also  obtwned  on  heating  18  parteof  tin  amalgam  (12  parte  of  molten 
tin  and  6  parts  of  Hg)  with  7  parts  of  sulphnr  and  6  part*  of  NH^Cl ;  H^  and  NH^CI 
then  dirtil  and  "  artificial  gold  "  remains,  which  is  used  for  imitation  gilding  of  many 
objects— cornices,  jtc. 

It  is  soluble  in  strong  HCl,  forming  SnCl*.  With  HNO,  it  forma  metastannio  acid. 
It  is  soluble  in  alkali  sulphides  with  wEicE  it  forms  aulphoBtannabea  (Sn8,Na,),  from 
which  SuSgW  repreoipitfited  by  acids.  When  freshly  precipitated  it  dissolves  in  aqueous 
ammonia  to  form  a  red  liquid  which  is  deooiorised  by  the  air  and  separatee  Tin 
Oxysulphide,  SnSO,  with  acids.  This  latter  is  a  white  powder,  soluble  in  ammonium 
carbonate. 

LEAD:   Pb,  207.1 

This  element  is  found  abundantly  in  nature  in  Galena,  PbS,  and  in 
smaller  quantities  in  Cervssite,  PbCO,,  in  Crocoiaite,  PbCrO,,  WidfeniU, 
PbMoO^  and  AnglexUe,  PbSO«. 
The  greater  quantity  of  lead  is 
obtained  from  galena  which  abounds 
in  the  United  States,  Spain,  Ger- 
many and  England.  Ita  extrac- 
tion is  not  very  difficult  and  is 
carried  out  by  various  methods. 
The  most  abundant  deposits  of 
lead  ores  in  Italy  are  in  Sardinia 
(Iglesias),  where,  after  preliminary 
treatment,  the  final  smelting  occurs 
Fio.  SOS.  at  PertuBola  (Spezia)  a,nd  at  Battino 

(Serravezza).     Much  less  important 
galena  deposits  are  found  in  Veneto,  Lombardy,  and  Tuscany. 

(1)  EXTRACTION  BY  ROASTING  .AND  SMELTING.  This  proceea  is  used  when 
the  ore  is  pure  and  conUins  no  ailica,  or  less  than  4  to  6  per  cent.  The  ore  is  first  roasted  in 
a  Tererberatory  furnace  and  the  lead  sulphide  thus  partiaUy  transformed  into  the  oxide, 
FbO,  and  partially  into  the  sulphate,  PhSO^,  whilst  a  portion  remains  unaltered.  On  then 
raismg  the  temperature  considerably  these  three  products  react  with  one  another  yielding 
molten  lead,  whilst  SO^  is  evolved  : 

PbS  +  PbSOt  -  2Pb  +  2S0i,  and  also  PbS  +  2PbO  -  3Pb  +  SOj. 
The  unaltered  lead  sulphide  is  again  roasted  and  smelted  until  completely  extracted. 
The  smelting  furnace  (Fig.  265)  is  that  which  has  for  some  time  been  used  in  England. 
The  hearth  is  lined  with  raolten  slag  and  inclined  towards  the  middle,  B,  and  also 
towards  one  side,  ao  that  the  molten  lead  may  readily  be  collected.  The  mass  is  kept 
stirred  through  the  openings,  o,  and  is  heated  by  the  fnel  which  burns  in  F.  The  ore 
is  charged  in  through  the  funnel,  T.  The  operation  lasta  0  to  7  hours  for  each  800  to 
1000  kilos.  The  crude  lead  which  is  obtained  by  these  various  processes  still  contains 
considerable  quantities  of  impurities  and  is  known  as  "  work-lead." 

(2)  PROCESS  OF  ROASTING  WITH  REDUCTION.  This  is  the  process  oommonly 
used,  especially  in  North  America,  and  is  suitable  for  all  grades  of  ore,  even  when  poor  and 
very  impure.  The  ore  is  first  roasted  in  the  usual  reverberatory  furnaces  with  the  addition 
of  SiOg  as  a  flux,  until  nothing  remains  but  PbO  and  lead  silicate.  The  mass  is  then  mixed 
with  half  its  weight  of  coke  and  reduced  in  apeoial  cupola  fumaoes,  oonstnicted  of  sheet 
iron  with  double  walls  (Fig.  266)  between  which  cold  water  circulates.  During  the 
smelting  process,  compregeed  air  is  injected  through  tubes  which  pass  in  at  the  bottom  of 
the  furnace.  In  order  (o  bo  able  to  obtain  the  metal  from  an  ore  which  is  difficult  to 
reduce,  lime  or  iron  ore  is  added. 

An  improvement  (Huntington  and  Hebcrlein)  which  facilitates  the  reduction  androasting 
without  loss  of  lead  vapour  and  without  formation  of  lead  Bulphat«  or  compact  stony 
masaes,  consists  in  roasting  the  gnlens  at  700°  in  a  mechanical  furnace  with  6  to  15  per  cent. 
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of  lime,  CaO,  6  per  cent,  of  fuel,  and  an  ezcees  of  fur.  SO  to  60  tone  of  ore  are  treated  in 
each  farDftoe  in  24  btmn.  PbSOi,  CaSO*,  a  little  PbO,  but  no  lead,  are  formed.  Hie 
roasting  of  the  product,  which  contains  1-S  per  cent,  of  aulphar,  is  completed  in  a  oonrerter 
(tee  Iron)  of  15  tons  capacity  into  which  air  ie  blown  for  4  to  6  hours,  after  which 
PbO  and  ChSOi  alone  remain,  SOt  being  evolved.  After  this  treatment  the  reduction  in 
the  cupola  furnace  takes  place  much  more  easily. 

CsO  act«  as  a  catalytic  agent  and  does  not  form  calcium  plumbato  as  was  once  believed, 
an  iron  oxide  produces  the  same  effect.  Galena  may  tieo  be  roast«d  directly  in  a  converter 
with  10  to  36  per  cent,  of  CaSOi  (Carmiohael  process)  by  means  of  compressed  air,  and  is 
then  reduced  in  the  usual  manner,  but  this  method  is  most  suitable  for  ores  containing 
little  sulphur. 

(3)  PRECIPITATION  PROCESS.     This  is  now  little  used,  but  serves  weU  in  the  case 
of  ores  containing  much  silica.     The  galena  is  melted  together  with  a  substance  which 
readily  removes  the  sulphur,  such  as  iron  {that  is,  its  oxides),  PbS  +  Fe  —  Pb  +  FeS. 
The  operation  is  conducted  in  a  cupola  furnace  such 
as  is  used  for  copper,  but  the  necessary  temperature 
is  so  high  that  appreciable  loss  of  lead  occurs. 

{*)  ELECTROLYTIC  PRCKESS.  The  powdered 
galena  is  placed  in  capsules  of  hard  lead  and  dilut« 
sulphuric  acid  is  added.  The  lead  sulphide  forms 
the  cathode  and  the  bottom  of  the  capsule  the 
anode.  When  the  current  is  passed,  H  and  HgS  are 
evolved  and  tlie  lead  oollecta  as  a  spongy  mass. 

REFIKING  OF  WORK-LEAD.  The  crude  lead 
obtained  by  various  processes  contains  considerable 
quantities  of  impurities,  and  is  purified  by  liquation 
(p.  414)  if  the  lead  contains  copper  [tee  Treatment 
of  Wat«r),  or  by  oxidation,  the  crust  or  scum 
which  forms  on  the  surface  of  the  molten  lead 
being  separated ;  or  the  lead  may  be  reduced  by 
means  of  poles  of  green  wood  (ate  Copper,  p.  544). 

Numerous  electrolytic  refining  processes  have 
also  been  proposed  but  have  not  yet  proved  to  offer 
any  advantages.  It  appears  that  lead  fiuosilicato 
is  very  suitable  for  electrolysis  because  it  yields 
compact  blocks  of  lead  at  the  cathode.  The  forma- 
tion of  crystals  is  avoided  by  adding  a  little  gelatine  -  p.^^  „g^ 
to  the  hath. 

PROPERTIES.  Pure  lead  (refined  lead  of  99-99  per  cent,  of  Pb)  has  a 
bluish-grey  colour,  ia  very  soft  and  ductile  and  in  the  air  becomes  covered 
with  a  thin  layer  of  oxide  which  destroys  this  lustre  but  protects  it  from 
atmospheric  corrosion.  It  has  a  specific  gravity  of  11'37,  melts  at  334°  and 
boils  at  1600°.  When  lead  is  obtained  in  a  state  of  extremely  fine  division, 
for  instance,  by  igniting  lead  tartrate  or  citrate  in  a  test-tube  out  ol  contact 
with  the  air,  it  catches  fire  spontaneously  and  ia  then  known  as  pyropkoriG 
lead  (p.  174).  It  is  not  attacked  by  HCl  or  HjSO^  in  the  cold,  because  the  first 
layer  of  insoluble  lead  chloride  or  sulphate  which  is  formed  at  the  surface 
protects  the  rest  of  the  metal,  but  if  the  lead  is  very  finely  divided  it  is  com- 
pletely attacked.  Even  acetic  acid  and  other  organic  acids  attack  lead,  and 
nitric  acid  dissolves  it  in  the  cold  forming  the  nitrate.  Zinc  and  iron  separate 
crystalline  lead  from  solutions  of  its  salts.  If  a  zinc  rod  is  placed  in  a  vessel 
containing  a  solution  of  lead  acetate,  the  zinc  quickly  becomes  covered  with 
many  lustrous  and  branching  crystab  of  lead  (lead  tree). 

Lead  salts  are  poisonous  and  lead  should  therefore  be  absent  from  all 
utensils  used  for  the  preparation  of  food,  so  that  solders  containing  lead 
and  earthenware  glazed  with  lead  should  be  avoided  (see  I^ad  Poisoning, 
in  the  section  on  White  Lead) ;  it  should  also  be  avoided  for  water- 
pipes  (p.  211). 
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USES  AND  STATISTICS.  Large  quantities  of  lead  are  used  in  various  chenucal 
industries,  but  especially  for  sulphuric  acid  tanks,  lead  chambers,  the  manufacture  of 
hard  lead  (pp.  249  and  320),  pipes,  small  shot  (containing  0*2  to  0-8  per  cent,  of  arsenic), 
and  certain  important  alloys,  such  as  solder  and  type  metal  (p.  320). 

The  world's  production  of  lead  in  1880  was  380,000  tons.  It  was  586,000  tons  in 
1890,  871,000  tons  m  1900,  992,000  tons  in  1907,  and  1,062,500  tons  in  1908.  The  pro- 
duction in  the  United  States  m  1900  was  253,000  tons  ;  it  was  414,000  tons  m  1907,  and 
396,400  tons  in  1908.  Spain  produced  176,000  tons  of  lead  in  1900  and  186,000  tons  in 
1907.  Germany  produced  121,000  tons  in  1900  and  140,000  tons  in  1907.  In  1908 
84,000  tons  came  from  Mexico,  67,000  tons  from  Australia,  35,000  tons  from  England, 
26,500  tons  from  Italy  (1902)  (and  23,000  tons  in  1907  of  the  value  of  £440,000),  15,000 
tons  from  France,  Sec.  The  price  was  £16  16«.  per  ton  in  1880,  and  about  £12  8«.  in  1902  ; 
it  then  oscillated  between  a  minimum  of  £12  in  1904  and  a  maximum  of  £20  in  1906,  finally 
sinking  to  £14  8«.  ( ?)  in  1909  and  1910.  Italy  imported  6764  tons  in  1905,  including  alloys 
with  antimony.  In  1906  the  imports  were  10,958  tons,  in  1908  11,741  tons,  and  in  1909 
10,011  tons  of  the  value  of  £144,000,  to  which  must  be  added  250  tons  of  foil,  pipes,  t\'pe 
metal,  &c.,  of  the  value  of  £11,200. 

The  lead  ores  produced  in  Italy  in  1908  amounted  to  46,650  tons,  of  the  value  of 
£267,268. 

LEAD  COMPOUNDS 

In  its  more  stable  derivatives  lead  is  divalent,  but  less  stable  tetravalent 
compounds  exist,  and  it  fonns  fiye  oxides. 

LEAD  SUBOXIDE :  Pb20,  is  a  black  powder  which  is  converted  on  heating  into  the 
more  stable  oxide,  PbO. 

LEAD  MONOXIDE  :  PbO.  On  heating  lead  for  a  prolonged  period  in' the  air  (or  on 
heating  the  hydroxide,  nitrate,  or  carbonate)  an  amorphous  yellow  powder  of  PbO  is  formed, 
the  common  name  for  which  is  Massicot.  On  melting  massicot  and  then  allowing  it  to 
cool  more  or  less  rapidly  a  more  or  less  reddish -yellow  scaly  mass  of  PbO  results,  which  is 
called  Litharge.  This  is  obtained  in  large  quantity  in  the  extraction  of  silver  (pp.  553, 554). 
Lead  oxide  has  a  markedly  basic  character  and  saponifies  the  fats.  It  is  slightly  soluble 
in  water  with  which  it  forms  the  hydroxide.  It  has  a  specific  gravity  of  9*2  to  9*5  and  is 
easily  reduced  to  lead  by  H,  CO,  or  carbon  on  heating.  PbO  is  used  for  the  preparation 
of  many  other  lead  comp6imds,  such  as  the  acetate,  &c.,  for  glazes,  in  glass-making,  and  in 
the  manufacture  of  earthenware.  Crude  litharge  costs  about  £16  per  ton  ;  when  refined 
it  costs  double.  Massicot  costs  £26  to  £28.  In  general  the  prices  vary  with  those  of  lead. 
In  1903  Italy  produced  883  tons  and  about  580  tons  in  1905,  in  addition  to  which  about 
600  tons  were  imported.  In  1907  it  produced  770  tons  and  in  1908  780  tons  of  the  value 
of  £14,000.  The  imports  were  883  tons  in  1908  and  586  tons  in  1909.  The  exports  in  1909 
were  106  tons.     Germany  exported  4450  tons  of  litharge  in  1905  at  £15  per  ton. 

LEAD  HYDROXIDE :  Pb(0H)2.  On  adding  sodium  hydroxide  or  NH,  to  a  solution 
of  a  lead  salt  a  voluminous  white  precipitate  of  lead  hydroxide  is  produced  which  is  soluble 
in  an  excess  of  sodium  hydroxide,  but  insoluble  in  excess  of  ammonia*  It  is  slightly  soluble 
in  water,  has  an  alkaline  reaction  and  absorbs  COj  from  the  air  forming  a  basic  lead  carbonate, 
that  is,  a  mixture  of  hydroxide  and  carbonate  which  is  used  in  painting  imder  the  name  of 
ichite  lead.     At  130°  it  decomposes  into  H2O  and  PbO. 

MINIM  :  Pb804  (Red  Lead  or  Red  Lead  Oxide).  This  compound  is  obtained 
by  carefully  heating  PbO  in  a  reverberatory  or  muffle  furnace  at  about 
450^  in  such  a  manner  that  it  does  not  melt,  but  the  best  qualities  of  minim 
are  obtained  on  heating  the  pure  oxide  with  sodium  nitrate  or  potassium 
chlojate  in  an  oxidising  flame  to  a  dark  red  heat,  or  by  heating  lead  sulphate 
mixed  with  the  nitrate  and  sodium  carbonate.  It  has  a  bright  scarlet  colour 
and  may  be  considered  to  have  the  constitution,  2PbO  +  PbO,  ;  in  fact  on 
treatment  with  HNO3,  PbO  is  dissolved  and  PbOg  remains.  It  has  a  specific 
gravity  of  8*6  to  9. 

On  heating  strongly  it  first  becomes  dark  red,  then  violet,  and  finally  almost 
black,  and  on  cooling  regains  its  original  colour.     Powdered  minim  is  used  with 
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oil  in  painting  and  for  coating  machinery.  It  is  also  used  in  gla^s  manufacture, 
&c.  It  is  now  partially  replaced  by  red  iron  oxide,  FcgOj.  It  costs  from  £14 
to  £20  per  ton  according  to  its  purity. and  the  price  of  lead.^ 

Italy  produced  4175  tons  in  1897,  only  1340  tons  in  1905,  and  1580  tons  in 
1907,  and  the  imports  were  725  tons  in  1905.  Germany  exported  8900  tons  of 
red  lead  in  1905  at  £1  168.  lOd,  per  ton,  and  9114  tons  in  1909,  whilst  it 
imported  1193  tons. 

LEAD  DIOXIDE,  BROWN  LEAD  OXIDE  :  PbOz.  This  compound  is  also  inappro- 
priately called  lead  peroxide.    It  is  obtained  on  treating  red  lead  with  dilute  HNOs  : 

PbgO^  +  4HNO3  =  PbOg  +  2Pb(N03)2  +  2H2O, 

or  by  passing  chlorine  into  an  alkaline  solution  of  a  lead  salt  or  by  adding  calcium 
hypochlorite  to  a  solution  of  a  lead  salt : 

2PbCl2  +  Ca(0a)2  +  2H2O  =  Caa2  +  2Pb02  +  4HC1, 
the  hydrochloric  acid  which  is  formed  combining  with  the  lime.     It  is  now  also  electro* 
lytically  prepared  from  lead  nitrate.     Pb02  is  an  amorphous  powder  of  dark  brown  colour. 

With  cold  HCl  it  forms  lead  tetrachloride,  PbC^.  PbOg  readily  evolves  oxygen  on 
heating,  being  transformed  into  PbO,  and  with  hot  KOH  it  forms  Potassium  Plumbate, 
KsPbOs,  which  thus  shows  an  analogy  with  potassium  stannate.  Potassium  plumbate 
is  decomposed  by  much  water  into  KOH  and  PbOg.  A  Calcium  Plumbate,  CaPb03  or 
Ca2Pb04,  is  obtained  on  heating  a  mixture  of  PbO  and  CaCOa  in  the  air  to  700°,  0€^ 
being  evolved.  On  heating  the  plumbate  to  700°  in  presence  of  pure  CO2  oxygen  is  evolved 
and  calcium  carbonate  and  PbO  are  formed,  which  then  regenerate  the  plumbate  in  contact 
with  air.  A  continuous  process  for  manufacturing  oxygen  can  be  based  on  this  process  and 
was  applied  industrially  by  Kassner  in  1900  (see  p.  182). 

Lead  dioxide  is  of  great  importance  in  connection  with  the  manufacture  of  electric 
accumulators  (p.  421),  as  an  energetic  oxidising  agent  in  various  chemical  processes, 
and  also  in  the  manufacture  of  matches.  The  commercial  product  of  80  percent,  strength 
costs  £38  per  ton,  whilst  the  more  concentrated  product  of  96  to  98  per  cent,  costs  £46, 
and  when  purified  £128  to  £160. 

In  1906  Italy  produced  1  ton,  and  in  1908  20  tons  of  the  value  of  £480. 

LEAD  CHLORIDE :  PbCl2.  This  is  formed  as  a  white  precipitate  by  the  addition  of 
dilute  HCl  or  NaCl  to  a  fairly  strong  solution  of  a  lead  salt.  It  is  very  insoluble  in  cold 
water,  but  dissolves  in  30  parts  of  water  at  100°,  and  separates  in  white,  shining  crystals 
on  cooling  this  solution.  The  separation  of  Pb02  is  facilitated  by  the  addition  of  dilute 
HCl,  because  this  increases  the  concentration  of  the  CV  ions  and  the  concentration  product 
exceeds  the  solubility  of  PbCl2  (pp.  100  and  432). 

LEAD  TETRACHLORIDE :  PbCl4.  On  dissolving  PbOg  in  concentrated  HCl  and 
saturating  the  solution  with  chlorine,  a  heavy  yellow  oil  separates  of  sp.  gr.  3'18,  which 
consists  of  PbC^.  On  heating  this  product  PbClg  ^^d  CI2  are  formed,  and  with  NH4CI  it  forms 
a  yellowish,  crystalline  double  salt,  PbCl4 .  2NH4CI,  which  is  analogous  to  pink  salt  (p.  609). 

LEAD  IODIDE :  Pbl2.  This  compound  is  obtained  from  a  solution  of  a  lead  salt 
by  the  addition  of  potassium  iodide  and  forms  yellow  crystals  soluble  in  hot  water  to  a 
colourless  solution. 

LEAD  NITRATE  :  Pb(N03)2-  T^^  compound  is  obtained  in  a  crystalline  condition 
by  concentrating  a  solution  of  lead  or  PbO  in  dilute  nitric  acid.  It  is  isomorphous  with 
barium  nitrate.     100  parts  of  water  at  10°  dissolve  48  parts  of  the  nitrate,  and  at  100°  they 

'  Analysis  of  Red  Lead.  The  amount  of  impurity  is  detonnincd  by  the  residue  insoluble  in  dilute  nitric  acid 
mixed  with  an  aqueous  sugar  solution.  It  is  sometimes  artificially  coloured,  and  alcohol  then  dissolves  the  admixed 
coal-tar  dyestuffs.    The  percentage  of  PbO,  is  determined  by  dissolving  1  grm.  of  red  lead  by  heating  it  with 

3  c.c.  of  nitilc  acid  of  sp.  gr.  1-2  and  then  treating  it  with  50  c.c.  of  -  oxalic  acid.    The  whole  is  boiled  for  some 

5 

minutes  and  the  excess  of  oxalic  acid  titrated  back  with  a  -    solution  of  potassium  permanganate.    By  deducting 

5 

from  the  50  c.c.  of  oxalic  acid  used  the  amount  of  permanganate  required,  the  amount  of  oxalic  acid  oxidised  by 

Iff 

the  PbOt  is  found,  and  the  percentage  present  in  the  red  lead  is  calculated,  knowing  that  1  c.c.  of  —  oxalic  acid 

5 

corresponds  to  0-02380  grm.  of  PbOg.    In  another  portion  of  the  red  lead  dissolved  in  nitric  acid,  the  total  lead 

is  detennlned  by  precipitating  with  HtSO«  and  calculating  the  amount  of  lead  from  the  weight  of  PbSO|.    The  lead 

which  reaiains  after  deducting  tliat  corresponding  to  the  peroxide  Is  calculated  as  PbO,  and  by  adding  this  to  the 

FbOf  the  total  amount  of  red  lead  Is  found. 

The  best  qualities  only  contain  1  per  cent,  of  impurities,  whilst  it  ordinarily  contains  10  per  cent.,  but  products 

are  often  Umad  in  tzade  which  only  contain  50  to  70  per  cent,  of  true  rba04. 
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dissolve  140  pturts.  On  heating  the  solid  salt  it  decomposes  into  PbO  +  2NOs  +0.  It  is 
used,  mixed  with  Pb02»  for  match  heads  and  fireworks,  and  also  to  some  extent  in  the 
printing  of  textile  fabrics,  &c.  It  costs  £40  to  £48  x>er  ton.  53  tons  were  produced  in 
Italy  in  1905,  and  86  tons  m  1007  of  the  value  of  £2864. 

LEAD  SULPHATE :  PbS04.  This  compound  is  found  in  rhombic  crystals  as  anglesUe, 
and  is  isomorphous  with  barium  sulphate.  It  is  formed  as  a  white,  heavy,  insoluble, 
crystalline  mass  on  adding  sulphuric  acid  or  a  soluble  sulphate  to  a  soluble  lead  salt. 
It  is  slightly  soluble  in  strong  H2SO4  (p.  249),  and  in  concentrated  alkalis,  as  basic  lead 
sulphate  is  formed,  2PbS04.Pb(0H)2  {see  White  Lead).  It  dissolves  in  ammonium 
tartrate  and  sodium  thiosulphate  solutions.  It  is  only  soluble  in  water  to  the  extent  of 
1  part  in  12,135  parts  both  on  heating  and  in  the  cold.  When  heated  with  sodium 
carbonate  it  forms  PbCOs,  and  it  is  reduced  by  carbon  at  a  red  heat  to  PbS. 

LEAD  PERSULPHATE :  Pb(S04)2.  This  compound  is  formed  in  an  impure  condition, 
and  mixed  with  PbS04,  ^y  electrolysing  strong  H2SO4  between  two  lead  electrodes  in 
the  cold.  It  is  soluble  in  concentrated  H2SO4  and  precipitates  Pb02  with  water ;  it  is  thus 
an  energetic  oxidising  agent. 

LEAD  CARBONATE :  PbCO,.  This  is  obtained  as  a  white,  insoluble,  heavy  mass 
on  treating  lead  nitrate  with  ammonium  carbonate  or  lead  acetate  with  CX)2.  It  is 
found  naturally  as  ceruasite,    Basic  Lead  Carbonate,  which  forms  common  whUe  lead, 

/OO3  -  PbOH 
Pb^  9  is  much  more  important,  having  been  used  in  paint  (for  artistic  and 

\X),  -  PbOH 
other  purposes)  since  antiquity,  as  it  has  very  good  covering  powers,  that  is,  compared 
with  other  white  mineral  pigments  it  covers  a  larger  surface  of  wood  when  suspended  in 
linseed  oil,  forming  a  perfectly  white  surface  through  which  the  wood  which  it  covers  can 
no  longer  be  seen.  There  are  various  forms  of  apparatus  for  comparing  the  covering 
power  of  various  pigments.  White  lead  has,  however,  the  disadvantage  that  it  is  poisonous 
and  that  it  is  blackened  by  hydrogen  sulphide  vapours,  as  it  then  forms  black  PbS.  For 
these  reasons  it  is  gradually  being  replaced  by  zinc  oxide  and  antimony  oxide.^ 

White  lead  b  prepared  industrially  by  various  processes  which  all  start  from  very  pure 
lead  and  dilute  reagents  in  order  to  obtain  an  amorphous  (non-crystalline)  final  product 
of  good  covering  power.  In  the  DtUch  process,  which  is  still  sometimes  used,  plates  of 
lead  rolled  into  spirals  are  placed  in  receptacles  containing  a  little  acetic  acid  and  these 
vessels  are  then  placed  on  shelves  surrounded  by  horse-dung.  Through  the  heat  and  the 
carbon  dioxide  formed  by  the  fermentation  of  the  dung  basic  lead  acetate  is  first  formed, 
which  is  then  converted  into  basic  carbonate,  and  in  five  or  six  weeks  the  lead  sheet  has 
been  converted  into  white  lead  which  is  freed  from  unaltered  lead,  lead  acetate  and  other 
impurities  by  washing  with  water.    It  is  then  dried  in  porous  vessels  or  in  cakes  in  the  air. 

In  the  Oerman  or  chamber  process  lead  plates  are  placed  on  horizontal  gratings  in  closed 
chambers,  A  and  £  {Fig,  267),  which  are  constructed  of  wood  or  brickwork.  Steam  and 
acetic  acid  vapour  first  ent^  these  chambers  from  a  boOer,  D,  heated  by  the  hot  gases  of 
a  coke  furnace,  C.  The  steam  passes  through  the  tubes,  /  and  g,  and  into  the  pan,  M, 
containing  acetic  acid,  which  is  also  heated  by  the  gas  from  the  coke  furnace.  It  thus 
carries  acetic  acid  vapours  with  it  into  the  tube.  A;,  from  whence  it  enters  the  top  of  the 
chamber.  A,  in  which  the  temperature  is  maintained  at  50°  to  60°  for  10  to  20  hours. 
The  basic  acetate  thus  formed  on  the  plates  is  transformed  into  basic  carbonate  by  gases 

^  The  poweiful  polBonouB  action  of  white  lead  and  also  of  other  lead  compounds,  such  as  the  oxides,  acetate, 
Ac,  has  caused  many  cases  of  lead  poisoning  of  workmen  employed  in  Industries  in  which  such  compoiuids  are 
used,  and  therefore  laws  protecting  the  workmen  from  such  dangers  have  been  passed  in  variooa  countries. 
The  symptoms  of  lead  poisoning  are  annmla,  brightolive-yellowcolorationof  the  skin  and  of  the  mucous  membianes, 
wasting  of  the  tissues,  dark  blue  discoloration  of  the  gums,  fcotid  breath,  Ac,  foUowed  by  more  serious  disturbances, 
such  as  lead  colic  (especially  in  the  case  of  those  who  drink  alcoholic  liquors),  cerebro-spinal  lead  poisoning,  and 
finally  delirium,  convulsions,  coma,  piualysis,  Ac.  In  France  the  manufacture  and  use  of  white  lead  were  pro- 
hibited in  December  1906,  and  its  prohibition  was  reinforced  by  a  new  law  in  1910.  In  Germany  certain  regulaUons 
for  the  arrangement  and  site  of  the  workshops,  form  of  the  pans  in  which  the  lead  Is  melted,  elimination  of  dust 
everywhere,  the  rejection  of  delicate  workmen  or  those  addicted  to  alcoholism  and  tobacco  are  legiBlatively 
prescribed  in  RHchgeaeUblaUt  Hay  26,  1903,  p.  225,  and  June  27,  1905,  p.  566,  in  which  it  is  also  prescribed 
that  all  the  workpeople  shall  bathe  every  day,  change  their  clothes,  not  partake  of  eatables  in  the  workshops,  Ac 
In  Italy  little  or  nothing  has  been  done.  In  1910  a  large  hospital  for  the  treatment  of  Industrial  diseases  was 
opened  in  lillan  and  in  this  establishment  lead  poisoning  has  been  studied  and  cured  by  special  methods.  The 
Italiansection  of  the  International  Association  for  the  Legal  Protection  of  Workpeople  presented  to  the  Inteniationsl 
Gongress  at  Lugano  at  the  end  of  September  1910  a  special  memoir  on  the  use  of  white  lead  In  painting,  and  it 
will  perhapa  be  consequently  possible  to  arrange  some  form  of  international  convention  or  legislation.  In  Vienns 
In  1902  there  were  125  well-marked  and  undoubted  cases  of  lead  poisoning  amongst  painters. 
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tMmtMDing  much  COs,  which  pass  in  from  the  coke  furnace.  The  operation  laete  several 
days,  and  the  white  lead  is  then  removed  from  the  unaltered  lead  with  neceaaary  precantioDH 
in  dosed  rooms  provided  with  fans.  The  crude  white  lead  is  worked  up  to  a  past«  with 
trater  in  order  to  Beparate  lead  acetat«  and  unaltered  lead,  and  is  powdered  whilst 
BtdU  moist,  or  sometimes  when  dry,  in  an  ordinary  flour  mill,  then  passed  through  sieves 
and  dried  in  the  air  or  in  drying  chambers  at  a  gentle  heat. 


According  to  the  FrencK  proee*i,  which  was  applied  by  Th6nard  in  a  large  works  at 
Clichy,  litharge  is  dissolved  in  acetic  acid  in  the  vat,  X  (Fig.  268),  provided  with  a  stirrer, 
V  i  by  means  of  the  pump,  V,  the  basic  lead  acetate  which  is  formed  is  passed  into 
the  vessel,  T,  which  is  provided  with  a  stirrer.  Carbon  dioxide  passes  into  this  from  the 
gasometer,  a,  through  the  tube,  V,  until  the  basic  lead  acetate  is  transformed  mto  basic  car- 
bonate and  neutral  lead  acetate.  The  whole  mass  is  then  discharged  into^the  large  vat,'6, 
where  the  white  lead  is  allowed  to  settle  from  the  solution  of  the  neutral  lead  ooetate, 
which  is  recovered  and  withdrawn  by  the  pump,  c  d,  and  returned  into  the  vat,  X,  where 


it  is  reconverted  into  the  basic  acetate  by  means  of  fresh  lead  oxide  without  further  con- 
somption  of  acetic  acid.  The  whit«  lead  deposited  in  6  is  stirred  up  with  water,  discharged 
throng  the  tube,  B,  and  passed  into  a  filter  press  where  it  is  washed  and  is  then  dried 
and  ground. 

A  rapid  process  using  a  similar  airangemcn  t  is  that  proposed  by  Wultze  in  1 904  (Ger.  Fats. 
173,106,  174,024,  181,399}  in  which  granulated  zinc  is  treated  with  acetic  acid  and  lead 
ooetate  in  a  current  of  air  and  then  with  COj  under  pressure  from  a  coke-fed  producer. 
The  solution  of  the  lead  is  rapid,  and  in  a  few  hours  white  lead  is  precipitated  with  oomplet« 
regeneration  of  the  lead  acetate,  wb'  '  '  -:?ed  in  turn  to  dissolve  new  lead  without  further 
consumption  of  acetic  acid,  a  works  in  Austria  and  another  in  Germany  use^this  rapid 
M"*  eoonoqiical.  procsa. 
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The  process  of  L.  Falk  (1909)  appears  to  be  more  rational  and  economical  and  has 
already  been  affiled  in  a  Russian  works.  By  this  process  100  kilos  of  neutral  lead  carbo- 
nate, for  example  (obtained  from  basic  lead  acetate  by  the  action  of  CO2  until  the  reaction 
is  weakly  acid)»  are  worked  to  a  paste  with  19  parts  of  water,  1  per  cent,  of  lead  acetate 
(which  acts  as  a  catalyst),  and  40*5  kilos  of  lead  oxide.  The  whole  is  stirred  in  the  cold  with 
addition  of  water  imtil  the  paste  gradually  ets  and  hardens.  After  3  to  4  holy's  the 
operation  is  finished  and  the  famous  Russian  white  had  is  obtained  which  corresponds  to 
the  formula,  SPbCO,  .2Pb(OH)8  .PbO,  containing  87-45  per  cent,  of  PbO,  10-78  per  cent,  of 
CO2,  and  1-76  per  cent,  of  HjO. 

According  to  Brenner's  process,  freshly  precipitated  lead  sulphate  is  heated  to  70° 
with  NaOH  and  basic  lead  sulphate  is  thus  formed : 

3PbS04  +  2NaOH  «  2PbS04.Pb(0H)2  +  NagSO* ; 

on  then  heating  with  a  solution  of  sodium  carbonate,  white  lead  is  precipitated : 

2PbS04.Pb(OH)2  +  2Na2C03  «  2PbC03.Pb(OH)8  +  2Na2S04. 

In  America  they  start  with  finely  divided  lead,  obtained  by  impinging  a  jet  of  steam 
against  small  holes  from  which  molten  lead  issues.  This  "  lead  sand  "  is  treated  with 
dilute  acetic  acid  in  a  vat  for  7  days,  and  air,  CO2)  and  a  little  steam  are  simultaneously 
passed  in.  The  imaltered  lead  is  then  separated  from  the  white  lead  by  levigation  (Mild's 
process,  which  is  an  improvement  of  U.S.  Pat.  786,023  of  1905  by  H.  Rowley). 

For  some  years  attempts  have  been  made  to  produce  white  lead  by  an  eUcirclytic 
process  from  a  feebly  alkaline  (1^  per  cent.)  solution  of  a  mixture  of  sodium  chlorate, 
80  parts,  and  Na2CX)3,  20  parts.  Soft  lead  is  used  as  an  anode  and  hard  lead  as  a  cathode. 
The  potential  difference  is  2  volts,  and  the  current  density  0*5  amp.  per  square  metre 
surface  of  the  electrodes. 

STATISTICS  AND  PRICES.  The  production  of  white  lead  in  Italy  in  1905  was 
5010  tons,  in  1906  4670  tons,  in  1907  4376  tons,  and  in  1908  4645  tons  of  the  value  of 
£96,000.  The  imports  were  79  tons  in  1905, 156  tons  in  1906,  315  tons  in  1907,  590  tons  in 
1908,  and  546  tons  in  1909  of  the  value  of  £12,640.  The  exports  were  247  tons  in  1905, 
214  tons  in  1906,  157  tons  in  1907,  113  tons  in  1908,  and  129  tons  in  1909  of  the  value  of 
£3008.  Germany  exported  16,478  tons  of  white  lead  in  1905  at  £16  per  ton,  13,733  tons  in 
1908,  and  10,607  tons  in  1909,  in  which  year  it  imported  2890  tons.  Russia  consumed 
30,000  tons  of  white  lead  in  1909.  In  the  United  States  all  the  white  lead  is  produced 
by  two  large  companies  with  a  capital  of  £6,000,000  eckch^  and  in  1903  the  production  was 
113,000  tons  of  the  value  of  £2,600,000. 

The  price  of  white  lead  varies  rather  much  according  to  its  purity,  because  it  often 
contains  considerable  quantities  of  barium  sulphate.  The  price  of  the  pure  product 
varies  with  the  price  of  lead,  and  thus  in  Germany  it  was  sold  at  £18  I69.  per  ton  in  1900, 
£18  in  1905,  and  £22  in  1907.  In  Italy,  where  white  lead  enjoys  a  protective  tariff  of 
£3  4«.  per  ton,  the  following  prices  held  on  the  trucks  at  Genoa :  £23  4«.  in  1900,  £16  I69.  in 
1902,  £15  Ss.  in  1904',  £24  in  1906,  £27  4d.  in  1907,  £22  in  1908,  £18  I69.  in  1909,  and  £18  Ss, 
in  1910. 

LEAD  SULPHIDE :  PbS.  This  is  found  naturally  as  galena  {see  above),  and  may  also 
be  obtained  in  the  form  of  a  black  precipitate  by  passing  H2S  into  a  solution  of  a  lead  salt. 
Even  minimal  traces  of  lead  may  be  detected  by  this  extremely  delicate  reaction  as  they 
produce  a  brown  coloration.     The  sulphide  is  oxidised  to  PbS04  by  HNO3  and  by  HgOj. 

FIFTH  GROUP 
BISMUTH :   Bi,  2o8 

This  element  is  a  membu:  of  the  same  group  as  arsenic  and  antimony  in  the  periodic 
system,  but  on  account  of  its  liir***'*  ../lo  ^vcipjht  it  has  no  non-metallic  characters  and  may 
be  considered  as  a  metal  as  it  forniH  no  pasiou.s  liydrtJgL'u  diTivativf  *iiid  i***  oxic'r'  h«»« 
basic  characteristics. 

Bismuth,  is  found  natura My  »  uth    in    the  ^-tat**,    and   aa   Bi-imnthii*f     »•    ^ 

and  also  in  the  form  of  ox-.n  .     i\  ord^r  to  ex<r;*At  ihc  di  i..:  th  \hv  ore  cro  firT  ^ 
and  then  smelted  with  ackUixun  0/  iion,  which  acts  aa  a  ^ulphui^i-  .-^  a"*'*^*   of  llu^• 
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SIXTH,  OR  CHROMIUM,  GROUP 

This  includes  four  elements,  Chromium,  Cr  (atomic  weight  52) ;  Molyb- 
denum, Mo,  96 ;  Tungsten,  W,  184;  and  Uranium,  U^  238*5.  The  compounds 
of  these  metals  have  certain  analogies  with  those  of  sulphur,  especially  in  the  case 
of  the  higher  oxides,  and  just  as  there  is  sulphuric  anhydride,  SO3,  so  we  also 
have  the  oxides,  CrOs,  M0O3,  WO3,  and  UO3,  which  have  acid  characters  and 
should  be  considered  as  true  acid  anhydrides.  The  salts  have  an  analogous  con- 
stitution to  the  sulphates  and  are  isomeric  with  them.  The  strength  of  these 
acids  diminishes  with  incresrse  of  the  atomic  weight.  The  sesquioxides  of  this 
group,  such  as  Cr203,  have  basic  characters  and  present  many  analogies  with 
those  of  Fe,  Mn,  and  Al. 

CHROMIUM :  Cr,  52 

This  element  is  found  in  nature,  especially  as  Chrome  Iron  Ore, 
FeO.CrjOj,  or  chromitCy  and  in  smaller  quantity  as  crocoisUe,  PbCr04.  Pure 
chromium  was  first  obtained  by  Moissan  in  1894  by  reducing  Cr20s  with  carbon 
in  the  electric  furnace,  but  it  is  still  more  easily  obtained  in  the  pure  state  to-day 
by  the  alumino-thermic  process  (Goldschmidt,  p.  570),  by  reducing  chromium 
oxide  with  aluminium  powder :  Cr208  +  AI2  =  AI2O3  +  Cr2. 

The  chromium  which  was  obtained  in  the  past  always  contained  carbon 
and  was  not  suited  to  the  manufacture  of  chrome  steel.  Pure  chromium  is  a 
grey  shining  metal  which  does  not  alter  in  the  air.  It  has  a  specific  gravity  of 
6-8,  and  only  melts  in  the  electric  furnace  at  a  temperature  much  above  2000°. 
Chromium  prepared  by  the  Goldschmidt  process  behaves  as  a  passive  metal,  that 
is,  it  is  not  attacked  by  dilute  cold  HCl  or  H2SO4  nor  by  HNO3,  even  on  heating. 
Chromium  obtained  in  any  other  manner  is  very  active^  that  is,  it  evolves  H 
even  in  the  cold  with  these  acids.  The  other  form  also  becomes  active  when 
it  is  heated  with  alkalis,  dilute  acids  or  solutions  of  NH4CI,  so  that  it  may  also 
be  used  as  the  cathode  of  a  cell.  The  E.M.F.  of  inactive  chromium  (p.  419) 
is  0-3  volt,  whilst  that  of  active  chromium  is  1-8  volts.  It  seems  that  the 
passivity  of  metals  is  due  to  a  layer  of  oxygen  which  covers  the  outer  surface 
of  the  metal,  and  a  metal  may  even  become  passive  in  the  air,  but  more  easily 
by  the  action  of  HNO3,  FeClj,  H2O2,  or  by  employing  it  as  an  anode  in  solutions 
of  KF,  KCN,  and  chromic  acid.  The  following  metals  may  assume  the  passive 
state,  Fe,  Ni,  Co,  Cr,  Mo,  W,  V,  Ru. 

Small  additions  of  chromium  to  certain  other  metals  render  them  harder 
and  more  resistant  to  various  chemical  reagents.  Before  1898  chromium  cost 
more  than  £60  per  kilo,  but  since  the  introduction  of  the  Groldschmidt  process 
the  price  has  gradually  fallen  to  %8,  per  kilo. 

Chromium  forms  four  series  of  compounds  which  may  be  considered  to  be 
derived  from  chromous  oxide,  CrO,  chromic  oxide,  Cr203,  chromic  acid,  and 
perchromic  acid  respectively.     All  these  compounds  have  coloured  ions. 

The  CHROMOUS  COMPOUNDS  are  the  least  stable  and  are  obtained  by  the  reduction 
of  chromic  compounds,  but  are  very  easily  oxidised  by  the  air.  Thus  Chromous  Chloride, 
CfCl2,  is  obtained  from  Cr  and  HCl  or  by  reducing  chromic  chloride,  CrCls,  with  nascent 
hydrogen,  in  the  form  of  a  white,  crystalline  powder  which  forms  a  blue  solution  which 
vividly  absorbs  oxygen  from  the  air,  during  which  process  its  colour  is  changed  to  green. 
Its  vapour  density  at  1600^  corresponds  to  a  mixture  of  CrCl2<ond  02014. 

CHROMOUS  HYDROXIDE :  Cr(0H)2.  This  :  "  med  as  a  yellow  precipitate  by 
adding  an  alkali  to  a  solution  of  GrCl2- 

Chromous  salts  differ  from  the  chromic  salts  by  forming  black  Chromous  [Sulphide, 
CrS,  with  alkali  sulphides. 

CHROMIC  OXIDE  :  CrjOa.  This  is  obtained  as  a  green  powder  by  heating  ammonium 
dichromate  or  chromic  anhydride,  GrOa,  to  redness.  When  melted  with  silicates  it  forms 
beautiful  green-ooloured  glasses  and  porcelains.    When  1  part  of  potassium  diohromate  is 
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melted  with  3  parts  of  boric  acid  and  the  potassium  borate  then  dissolved  in  water,  a  beautiful 
green  pigment  remains,  which  is  known  as  Ouignet^e  green,  or  chrome  green,  and  is  a  hydrate 
of  chromic  oxide,  Cr20(0H)4.  Italy  produced  70  tons  of  this  product  in  1905, 100  tons  in 
1907  of  the  value  of  iBlSOO,  and  70  tons  in  1908  of  the  value  of  £420  (?). 

CHROMIUM  HYDROXIDE :  CrCOH),.  This  compound  is  formed  as  a  gelatinous 
bluish-grey  mass  on  adding  NHg  to  solutions  of  chromic  salts ;  it  dissolves  in  NaOH  to 
form  a  green  solution  which  again  septoates  the  hydJx)xide*on  boiling.  It  is'clear  frotai 
this  reaction  that*  the  hydroxide  has  weakly  acid  oh€u:acf^s  and  forms  unstable  salts  with 
strong  bases  which  are  derivatives  of  the  metahydroxide,  CrO.OH,  and  analogous  to  the 
spineUes  which  are  obtained  from  Al.    These  compounds  are  called  chromites,  so  that 

natural  chrome  iron  ore  is  a  ohromite  of  iron :    CrO  O^^^' 

Chromium  hydroxide  acts  as  a  very  weak  base  and  only  forms  salts  with  strong  acids 
and  not  with  carbonic  acid ;  thus  sodium  carbonate  precipitates  the  hydroxide  and  not 
the  carbonate  from  chromium  salts  (p.  573). 

CHROMIUM  CHLORIDE :  CrCl,.  This  is  formed  on  passing  a  current  of  chlorine 
over  heated  chromium  or  over  a  mixture  of  Or208  &nd  charcoal,  and  sublimes  in  lustrous 
violet  crystals.  Its  vapour  density  at  1300°  corresponds  to  the  formula  OCI3.  It  is  only 
slightly  soluble  in  water  even  on  heating,  but  becomes  readily  soluble  in  presence  of  a  trace 
of  CrC92»  which  acts  catalytically,  forming  a  green  liquid  which  deposits  green  crjnstals, 
CrCls .  6H2O,  on  concentration,  similar  to  those  which  are  obtained  from  a  solution  of  Cr(OH)3 
in  HCl,  whilst  on  dissolving  the  hydroxide  in  Hd  a  basic  chloride  is  formed.  Both  are 
used  as  mordants  in  calico  printing. 

CHROMIUM  FLUORIDE :  CrFg  +  4H2O.  This  compound  forms  a  bright  green 
crystalline  powder,  stable  in  the  air,  and  readily  soluble  in  water.  It  is  used  as  a  mordant 
for  various  alizarine  dyestuffs  on  wool  and  costs  about  £60  per  ton. 

CHROMIUM  SULPHATE  :  Cr2(S04)3.  This  is  obtained  on  dissolving  the  hydroxide, 
0r(0H)3,  in  sulphuric  acid.  The  cold  aqueous  solution  has  a  violet  colour  but  becomes 
green  on  heating  to  80°.  On  cooling,  the  violet  colour  reappears.  Violet-blue  crystals 
containing  I6H2O  may  be  obtained  from  this  solution,  but  on  evaporating  this  green  solution 
a  green  amorphous  residue  remains.  In  the  green  solution  the  simple  chromium  ions  are 
no  longer  present,  but  only  a  more  complex  ion ;  for  thb  reason  the  green  solution  does 
not  give  the  ordinary  recMJtions  for  chromium  salts. 

CHROME  ALUM :  Cr8(S04), .  K2SO4  +  24H2O.  This  may  be  prepared  in  the  manner 
common  to  all  the  alums  by  mixing  potassium  sulphate  with  the  sulphate  of  the  heaTy 
metal,  or  more  easily  by  passing  SO2  into  a  solution  of  potassium  dichromate  in  presence 
of  H2SO4:  K2Cr207  +  3SO2  +  H2SO4  =  H2O  +  02(804)3. KiS04. 

From  this  solution  the  alum  may  be  obtained  in  very  large  octahedra  of  a  bright  violet 
colour.  This  alum  also  forms  a  violet  solution  in  the  cold  which  becomes  green  on  heating 
to  80^  and  regains  its  violet  colour  on  cooling  {see  above), 

DERIVATIVES  OF  CHROMIC  ACID 

As  we  have  already  said,  the  analogy  between  chromium  and  sulphur 
is  especially  manifested  in  the  derivatives  of  chromic  acid,  but  whilst  chromic 
anhydride,  CrOg,  corresponding  to  sulphuric  anhydride,  is  well  known,  chromic 
acid,  H2Cr04,  corresponding  to  H2SO4,  is  not  known  in  the  free  state,  although 
the  corresponding  salts,  namely,  the  chromates,  which  are  isomorphous  with  the 
sulphates,  are  well  known  and  have  been  largely  studied.  Salts  corresponding 
to  polychromic  acids  are  also  known,  such  as  the  dichromates,  trichromates, 
&c.,  and  are  represented  by  the  following  constitutional  formulae,  where  Me 
indicates  a  monovalent  metal  and  where  the  one  formula  is  derived  from  the 
other  by  the  addition  of  one  molecule  of  CrOg : 

yOMe 

/OMe  •  cr02  >0 

OrOj  chromates ;      >>0        dichromates ;   CrOs         trichromates^  ftc. 

^OMe 


CHROMATES    AND    BICHROMATES  621 

The  chromates  are  yellow  and  the  corresponding  acid  salts  are  not  known. 
By  the  action  of  acids  chromates  are  transformed  into  diohromates  or 
polychromates  which  have  a  reddish-orange  colour,  whilst  on  the  contrary 
polychromates  are  reconverted  by  alkalis  into  chromates,  as  can  easily  be  seen 
by  the  change  of  colour  of  the  solutions.  Chromic  acid  is  a  weak  acid  and  its 
insoluble  barium,  silver,  and  other  salts  are  dissolved  by  strong  acids. 

CHROMIC  ANHYDRIDE :  CrO,  (Chromium  Triozide).  This  compound  is  obtained 
in  the  form  of  lustrous  red  needles  by  the  action  of  H2SO4  on  a  concentrated  solution 
of  potassium  or  sodium  dichromate  : 

KaCrjO?  +  H8SO4  «  K2SO4  +  HgO  +  2Gr03. 
It  is  easily  soluble  in  water  and  when  the  crystals  are  pure  they  are  not  deliquescent. 
When  heated  to  250°  it  becomes  brown,  melts,  and  decomposes,  forming  oxygen  and  chromic 
oxide,  2OO3  =>  CtjOs  +  O3.  It  is  such  an  energetic  oxidising  agent  that  it  sets  fire  to 
alcohol  when  brought  into  contact  with  it,  and  its  solution  cannot  be  filtered  through  filter- 
paper  because  the  latter  is  destroyed,  and  thus  this  oxidising  substance  behaves  in  a  very 
simileu:  manner  to  a  peroxide,  evolving  oxygen  and  being  transformed  into  chromic  oxide. 

ALKALI  CHROMATES  and  BICHROMATES,  K,Cr04  or  Na^Cr04  and 
K^CTfi^  or  Na2Cr207.  The  alkali  chromates  are  obtained  by  melting  a  chromium 
compound  with  an  alkali  carbonate  in  presence  of  an  oxidising  agent  such  as  a 
nitrate  or  atmospheric  air.  Industrially,  chrome  iron  ore  is  melted  in  a  rever- 
beratory  furnace  with  soda  and  lime  in  presence  of  air : 

2Cr204Fe  +  4Na2C08  +  4CaO  +  70  =  Fe^Oa  +  4CaC03  +  4Cr04Na2. 

The  melt  which  is  thus  formed  and  which  contains  sodium  chromate  mixed  with 
calcium  chromate  is  dissolved  in  water  and  a  little  Na2CX)3,  decanted  and  the  solution  then 
concentrated  after  acidification  with  acetic  acid  until  crystallisation  commences.  The 
lemon-yellow  crystal?,  which  contain  no  water  of  crystallisation,  are  very  soluble  in  water, 
insoluble  in  alcohol  and  show  an  alkaline  reaction.  If  sodium  dichromate  is  required 
instead  of  the  chromate,  the  above-mentioned  solution  is  slightly  acidified  with  sulphuric 
acid  and  evaporated  xmtil  it  crystallises.  Sodium  dichromate  is  hygroscopic  and  very 
soluble  in  water.  In  order  to  obtain  Potassium  Dichromate  it  sufiices  to  heat  the  solution  of 
the  sodium  salt  with  KO,  when  after  concentration  NaCl  readily  separates  on  the  bottom 
of  the  vessel  and  K2Cr207  forms  in  very  fine  triclinic  crystals  on  leaden  rods  suspended  in 
the  liquid.  These  cr3rstals  are  of  an  orange-red  colour,  contain  no  water  of  crystallisation, 
and  are  not  hygroscopic.  The  compound  is  somewhat  poisonous,  and  is  used  in  l€u:ge 
quantities  as  a  mordant,  especially  in  dyeing  wool,  also  for  fireworks  and  photography 
and  in  various  chemical  industries. 

The  principal  works  manufacturing  potassium  dichromate  are  in  England,  which  country 
has  almost  a  monopoly  of  this  product ;  the  prices  have  now  fallen,  however,  because  in 
Germany  works  have  arisen  which  manufacture  Sodium  Dichromate,  which  is  less  expensive 
and  can  almost  always  be  used  instead  of  the  potassium  salt,  which  costs  about  £30  per  ton» 
whilst  sodium  dichromate  costs  about  £22.  In  1898  800  tons  of  sodium  dichromate  and  170 
tons  of  potassium  dichromate  were  produced  in  Italy ;  in  1905  the  production  was  610 
tons  of  sodium  dichromate  and  300  tons  of  potassium  dichromate,  apart  from  an  importation 
of  290  tons  (in  1908).  In  1908  200  tons  of  potassium  dichromate  were  produced  of  the 
value  of  £7040,  and  600  tons  of  sodium  dichromate  of  the  value  of  £18,240.  In  1909 
England  exported  4700  tons  of  potassium  and  sodium  dichromates. 

Potassium  dichromate  dissolves  in  water  in  the  proportion  of  I  :  10,  and  its 
oxidising  action,  especially  on  heating  in  presence  of  HJSO4,  '^  shown  by  the 
following  equation  : 

KjOgOy  +  4H.SO4  =  4Ha0  +  Cr2(S04)3. 1^804  +  30. 

The  chrome  alum  thus  produced,  and  all  reduced  chromium,  salts  from  various 
chemical  reactions,  may  be  reutilised  by  submitting  them  to  electrolysis 
with  lead  electrodes  separated  by  diaphragms.  During  the  passage  of  the 
current  chromic  acid  forms  in  the  anodic  space  and  can  be  again  used  as  an 
oxidising  agent,  whilst  H  is  evolved  at  the  cathode. 
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Ghromates  of  various  other  metals  are  also  known,  and  are  used  as  pigments  or 
for  other  purposes.  Lead  Chromate,  FhCtOi^  is  muoh  used  as  a  pigment  under  the 
name  of  chrome  yeUow,  which  is  obtained  from  a  soluble  lead  salt,  such  as  the  acetate, 
with  sodium  or  potassium  chromate.  On  heating,  it  is  a  strong  oxidising  agent  for  organic 
substances.  Chrome  Red  is  a  basic  lead  chromate,  PbCr04.Pb(0H)2.  Barium 
Chromate,  BaCr04,  is  used  as  a  mineral  pigment  which  is  very  resistant  to  atmospheric 
influences,  &c.  Many  chromates  crystallise  with  7H2O  and  are  isomorphous  with 
magnesium  sulphate. 

On  distilling  a  dichromate  with  NaCl  and  H2SO4,  a  blood-red  liquid  distils  over  of  sp.  gr. 
1-96,  which  boils  at  117^,  and  consists  of  Chromium  Oxychloride  or  Chromyl  Chloride, 
CtOfii^.  It  is  decomposed  by  water,  forming  HOI  and  OOs*  A  Monopotassium 
Chromyl  Chloride,  Cr02CiOK,  is  also  known. 

PERCHROMIC  ACID.  On  treating  a  minimal  quantity  of  a  dichromate  or  chromate 
with  H2SO4  and  a  little  hydrogen  peroxide,  a  blue  coloration  is  formed,  and  on  ah^^lHng 
the  liquid  with  ether,  washed  and  free  from  alcohol,  which  might  contain  traces  of  H^Os, 
the  colour  passes  into  the  ether  and  then  rapidly  disappears.  This  is  probably  due  to 
Perchromic  Acid,  HCrO^,  which  cannot  be  isolated,  but  of  which  an  ammonium  salt, 
NH4CCO5  +  HgO,  and  a  corresponding  Anhydride,  Cr20o,  which  acts  as  a  peroxide,  are 
known.  This  reaction  with  the  blue  coloration  is  very  sensitive  and  is  used  for  the  detection 
of  traces  of  chromic  acid  or  of  hydrogen  peroxide. 


MOLYBDENUM :  Mo,  69 

This  is  found  somewhat  rarely  in  nature  in  Wtdfenite,  PbMo04,  but  more  frequently 
as  Molybdenite,  M0S2,  which  is  roasted,  and  the  oxide  MoOg,  which  is  thus  formed, 
heated  in  a  current  of  hydrogen  or  with  charcoal  in  the  electric  furnace  in  order  to  obtain 
metallic  molybdenum.  When  thus  prepared  it  is  a  grey  powder  which  forms  a  fused  mass 
of  silvery  appearance  and  sp.  gr.  8*6  at  extremely  high  temperatures.  When  heated  in 
the  air  it  first  forms  MoOj  and  then  MoOg.  It  dissolves  in  concentrated  HNO^  or 
HSSO4. 

In  the  electric  furnace  with  excess  of  carbon  it  forms  Molybdenum  Carbide,  Mo^C. 

Molybdenum  forms  numerous  compoimds  in  which  it  exercises  the  most  varied  valencies 
from  2  to  8.  Thus  various  chlorides,  MoC]2,  M0OI4,  M0CI5,  are  known  and  also  the 
oxychlorides,  M0OOI4,  M0O2CI2,  &c.  Of  the  various  oxides,  M02O8,  M0O2,  and  M0O3, 
the  last  is  the  most  important  and  possesses  acid  characters,  whilst  the  first  is  a  'weak 
base  and  the  second  is  neutral.  Molybdic  Anhydride,  MoOs,  is  insoluble  in  acids  and  in 
water,  but  dissolves  in  sodium  hydroxide  or  in  NHg.  It  is  a  white  substance  which  becomes 
yellow  on  heating,  similarly  to  ZnO. 

It  forms  polyacid  salts,  K2M02O7,  K2Mo80io>  &^*  One  of  the  commonest  and  most 
stable  of  these  salts  is  ^jnmonium  Heptamolybdate,  (NH8)eMo7024.4H20,  commonly 
known  as  Anunonium  Molybdate.  This  is  soluble  in  an  excess  of  nitric  acid  and  its 
solution  is  a  good  reagent  for  the  quantitative  precipitation  of  phosphoric  acid  from 
soluble  phosphates  on  warming  in  the  form  of  yellow  cr3rstals  of  the  composition 
llMo08*P04(NH4)8.     A  similar  precipitate  is  produced  with  arsenates. 

In  order  to  detect  traces  of  molybdenum  the  solution  is  treated  with  zinc  and  H2SO4 
when  a  blue  coloration  is  first  formed  which  gradually  becomes  brown,  the  former  colora- 
tion being  due  to  M08O4,  and  the  latter  to  M02O3. 


TUNGSTEN :  W,  184  (In  German,  Wolfram) 

This  element  is  found  in  nature  in  certain  minerals^whioh  are^abundant  in  North 
America,  namely,  vxlframite,  FeW04,  schedite,  0aW04,  and  hvbnerite,  MnW04. 

The  free  metal  is  now  obtained  by  the  Goldschmidt  process  by  reducing  tungstic  acid 
with  aluminium  powder  and  its  production  is  facilitated  by  the  use  of  liquid  air.  It  has 
the  appearance  of  lustrous  steel,  is  very  hard,  melts  at  extremely  high  temperatures 
and  has  a  specific  gravity  of  19-13  ;  when  it  contains  a  little  carbon  its  hardness  approxi- 
mates to  that  of  the  diamond.    It  is  resistant  to  the  action  of  the  air  and  "fairly  resistant 
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to  that  of  ordiDarj  chemical  reagents,  being  easily  dissolved  by  a  mixture  of  HF  +  HNOs 
only.  It  dissolves  in  pnre  potassimn  hydroxide  with  evolution  of  H.  The  addition  of 
small  quantities  of  tungsten  to  steel  renders  it  exceptionally  hard  (tungsten  steel). 

The  valency  of  tungsten  varies  considerably  in  its  various  compounds  and  thus  chlorides 
containing  3, 4,  6,  and  6  atoms  of  d  are  known.  Wde,  which  is  obtained  from  its  elements 
on  heating,  forms  a  violet-black  crystalline  mass  which  is  decomposed  by  water  with  forma- 
tion of  Tungsten  Trioxide,  WOs*  This  compound  is  insoluble  in  water  and  acids,  but 
dissolves  in  alkalis  forming  the  Tungstates  from  which  acids  separate  Tungstic  Acid, 
WO(OH)4.  This  acid  is  capable  of  imdergoing  condensation  with  formation  of  various 
polyacids  in  a  similar  manner  to  chromium  and  molybdenum.  With  phosphates  it  forms 
compoimds  analogous  to  those  which  are  obtained  with  molybdic  acid. 

Small  traces  of  tungsten  are  detected  by  adding  stannous  chloride  to  any  tungsten  salt ; 
a  yellow  precipitate  of  WOs  is  immediately  formed,  which  dissolves  in  hot  HCl,  acquiring  a 
strong  blue  colour  as  W2O5  is  formed.  Oxychlorides,  sulphides,  &c.,  of  tungsten  are  also 
knowiL  Commercial  tungsten  containing  95  to  98  per  cent,  costs  £260  per  ton  and  7000  to 
8000  tons  are  produced  annually  of  strength  varying  from  37  to  95  per  cent,  for  metallur- 
gical use.  It  is  now  used  in  large  quantities  in  the  form  of  a  colloidal  solid  for  the  manu- 
facture of  the  filaments  of  tungsten  lamps,  of  which  the  General  Electric  Company  alone 
manufactured  11,000,000  in  1909,  with  filaments  of  a  diameter  of  0-14  to  0-025  mm.  obtained 
with  perforated  diamond  dies.  In  1906  Portugal  exported  9  tons  of  tungsten  and  336  tons 
in  1906. 


URANIUM :  U,  238.5 

This  is  a  heavy  metal  of  a  grey  appearance  similar  to  that  of  iron.  It  has  a  specific 
gravity  of  18-7  and  melts  at  above  1500°.  It  was  once  prepared  by  the  electrolysis  of  the 
chloride  and  by  heating  this  with  sodium,  but  is  to-day  obtained  together  with  uranium 
carbide,  UgOst  by  reducing  the  oxide  with  carbon  in  the  electric  furnace.  It  is  found  in 
combination  in  nature  in  the  form  of  the  oxide,  UsOg,  in  Uranite  and  Uraninite  (pUch 
blende),  together  with  radio-active  substances  (p.  121). 

When  uranium  is  finely  subdivided  it  slowly  decomposes  water  even  at  the  ordinary 
temperature.  It  catches  fire  at  170°,  and  fixes  nitrogen  at  1000°,  forming  Uranium 
Nitride.    Uranium  compounds  are  as  poisonous  as  those  of  arsenic. 

URANOUS  OXIDE  :  UO2.  This  compound  possesses  basic  characteristics  and  in 
it  uranium  is  tetravalent.     It  is  produced  by  reducing  the  trioxide  with  hydrogen. 

Among  uranous  compounds  the  Chloride,  UCI4,  the  Hydroxide,  U(0H)4,  &c.,  are 
known. 

URANIC  OXIDE:  UO,  (Uranium  Trioxide).  This  compound  has  both  basic 
and  acid  properties  simultaneously.  Theoretically  it  corresponds  to  the  hydroxide, 
U(OH)e,  which  is  not  known,  but  the  Metahydroxide,  U02(OH)2,  is  known  and  has 
basic  properties,  being  called  uranyl  hydroxide,  because  the  divalent  group  UO2, 
Uranyl,  is  found  in  various  other  compoimds.  On  heating  the  metahydroxide,  UO^  is 
obtained. 

A  well-known  salt  of  this  hydroxide  is  Uranyl  Nitrate,  UOsCNOa)^  +  6H80,  which 
forms  greenish-yellow  crystals  which  yield  UOs  at  250°.  Another  salt  is  Uranyl  Sulphate, 
UQsSOa  +  6H2O,  which  forms  needle-shaped  yellow  crystals. 

On  treating  the  solution  of  a  uranyl  salt  with  sodium  hydroxide,  a  yellow  precipitate 
of  sodium  uranate,  U207Na2,  is  formed  which  is  soluble  in  acids.  It  is  used  technically 
for  the  production  of  a  yellow  fluorescence  in  glass. 

On  heating  uranic  or  uranous  oxide,  the  oxide  UgOg  is  obtained  which  is  found  in  nature 
as  Uranite,  and  may  be  considered  as  the  Uranate  of  Uranous  Oxide,  U02.2UOs. 
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SEVENTH  GROUP 
MANGANESE:   Mn,  55 

Whilst  in  the  case  of  chromium  derivatives  we  find  a  certain  analogy 
with  those  of  sulphur,  in  manganese  compounds  we  notice  constitutional 
analogies  with  certain  chlorine  derivatives.  Thus  potassium  permanganate, 
KMn04,  ^  isomorphous  with  potassium  perchlorate,  KCIO4,  and  chlorine 
heptoxide,  ClgO^,  has  its  counterpart  in  manganese  heptoxide,  MnjO^.  In 
both  cases  the  manganese  is  heptavalent.  In  its  more  or  less  red-coloured 
derivatives,  manganese  exerts  varying  valency,  being  di-,  tri-,  tetra-,  hexa-, 
or  heptavalent,  and  thus  we  have  manganous  compounds,  manganic  compounds, 
and  salts  of  manganic  and  permanganic  acids.  These  compounds  show  a 
certain  analogy  with  those  of  chromium  and  iron. 

Manganese  is  not  found  free  in  nature,  but  is  widely  diffused  in  abundance 
in  its  minerals,  PyrolvsitCy  MnOj,  Havsmannite,  Mnfi^,  Braunitey  Mn203,  and 
EhodocrosiUy  MnCOg  (spathic  manganese  ore). 

The  metal,  which  is  a  grey  lustrous  substance,  is  now  obtained  pure  by  the 
Goldschmidt  process  (p.  570)  from  a  mixture  of  manganese  oxide  with  powdered 
Al.  It  was  formerly  obtained  in  a  less  pure  condition  from  manganese  chloride 
with  sodium  or  from  the  oxide  and  carbon  in  the  electric  furnace.  Whilst 
it  still  cost  £26  per  kilo  in  1885,  it  only  costs  Ids.  to-day,  whilst  the  industrial 
product  free  from  Fe  and  C  costs  6s.  5d.  It  is  very  hard,  has  a  specific  gravity 
of  7-8  to  8,  and  melts  at  1247°.  It  oxidises  readily  in  the  air  and  dissolves  even 
in  weak  dilute  acids  to  form  manganous  salts.  In  the  form  of  a  fine  powder 
it  decomposes  boiling  water.  It  is  much  used  in  metallurgy,  and  certain 
derivatives  have  been  tried  in  Japan  as  a  chemical  manure  {see  pp.  302-303). 
The  production  of  manganese  ores  in  British  India  in  1893  was  3000  tons  and 
172,000  tons  in  1903.  In  1905  Germany  imported  263,000  tons  of  the  value  of 
£552,000,  and  produced  51,463  tons.  Italy  produced  3050  tons  of  manganese 
ores  in  1906  and  2750  tons  in  1909  of  the  value  of  £3644.  Japan  produced 
manganese  to  the  value  of  £4000  in  1904  and  of  £5200  in  1906. 

MANGANOUS  OXIDE :  MnO.  This  is  obtained  as  a  green  powder  by  reducing  the 
other  oxides  in  hydrogen  or  by  heating  the  carbonate  in  the  air  ;  but  when  heated  for  a 
long  time  it  is  transformed  into  Mn304. 

MANGANOUS  HYDROXIDE :  Mn(0H)2.  If  an  alkali  hydroxide  is  added  to  a  solution 
of  a  manganous  salt  free  from  air,  this  compound  separates  as  a  white  mass  which  readily 
oxidises  in  the  air  and  then  becomes  brown. 

The  hydroxide  is  not  obtained  with  NH3  if  NH4CI  is  present  in  solution,  because  a  com- 
plex ion  is  formed  as  in  the  case  of  magnesium  (pp.  100,  526  and  527). 

MANGANOUS  CHLORIDE  :  MnCls.  This  is  formed  in  large  quantities  in  the  manu- 
facture of  chlorine  (p.  144),  and  may  be  obtained  in  rose-red  hygroscopic  crystals  containing 
4  mols.  of  water  of  crystallisation.  It  is  sometimes  used  in  dyeing  (at  £14  per  ton),  and  is 
reutilised  in  the  manufacture  of  chlorine. 

MANGANOUS  SULPHATE:  MnS04.  This  compound  is  obtained  by  dissolving 
the  carbonate  in  sulphuric  acid  or  by  heating  manganese  dioxide  to  redness  with  ferrous 
sulphate  and  then  extracting  with  water.  It  crystallises  with  4  to  7  mols,  of  water  and 
has  a  fine  pink  colour  ;  the  crystals  containing  7H2O  are  isomorphous  with  ferrous  sulphate. 
On  heating,  the  last  molecule  of  water  is  only  eliminated  at  280^  With  alkali  sulphates 
it  forms  double  salts  which  crystallise  with  6H2O,  and  are  isomorphous  with  magnesium 
sulphate.  It  is  used  in  dyeing  and  in  painting  porcelain.  The  anhydrous  salt  costs 
£18  to  £22  per  ton. 

MANGANOUS  SULPHIDE  :  MnS.  This  compound  is  of  a  pale  flesh  colour,  in  which 
respect  it  differs  from  the  otlier  sulphides,  and  since  it  is  soluble  in  acids  it  is  obtained 
from  manganous  salts  with  alkali  sulphides,  but  not  with  H2S. 


MANGANESE  COMPOUNDS         625 

M ANGANOUS  CARBONATE :  MnCO,.  This  compound  is  found  in  nature  as  Bhodo- 
chroMte^  MnCOs,  and  is  formed  by  the  action  of  alkali  carbonates  on  manganous  salts.  It 
first  separates  as  a  white  mass  which  is  oxidised  by  the  air  and  then  becomes  brown. 

MANGANIC  OXIDE  :  MnjO,  (Sesquiozide).  This  compound  is  obtained  on  heating 
the  other  oxides  of  manganese  in  a  current  of  oxygen.  It  is  found  in  nature  as  Braunite  ; 
"with  H2SO4  it  forms  manganous  sulphate  and  separates  Mn02. 

MANGANIC  HYDROXIDE:  Mn(0H)3.  This  separates  as  a  brown  substance  on 
leaving  an  ammoniacal  solution  of  a  manganous  salt  exposed  to  the  air.  It  has  very  weakly 
bcbsic  properties  and  its  salts  are  consequently  hydrolytically  decomposed  by  water.  It 
is  soluble  in  Hd  with  which  it  forms  a  brown  liquid  which  evolves  CI  on  heating,  and  is 
perhaps  transformed  into  MnGl4. 

The  BAETAHYDROXIDE :  MnO.OH,  H^Mn^O^,  or  Ma^O^.Hfi,  is  found  in 
nature  as  ManganiU^  which  forms  black  crystals. 

MANGANOUS-MANGANIC  OXIDE :  MnjO^  (Mixed  Oxide").  This  oxide  is  the 
most  stable  and  is  formed  when  the  other  oxides  are  heated  for  a  prolonged  period  in  the 
air.  It  is  found  naturally  as  HausmannUe,  Mns04,  and  consists  of  a  reddish-brown 
powder  which  liberates  chlorine  on  heating  with  HCl. 

MANGANIC  SULPHATE :  Mn2(S04),.  This  compound  is  obtained  on  dissolving 
manganic  oxide  in  H2SO4,  or  a  mixture  of  manganous  and  manganic  sulphates  is  obtained 
by  treating  the  mixed  oxide,  Mn304,  with  concentrated  H2SO4.  It  dissolves  in  water  with 
a  bright  red  colour. 

MANGANIC  PERSULPHATE  :  Mn(S04)2,  is  prepared  by  the  electrolytic  oxidation 
of  manganous  sulphate  and  forms  a  black  substance  which  can  only  be  obtained  in  solution 
in  presence  of  sulphuric  acid.  It  has  extraordinary  oxidising  properties  and  is  used  for 
this  purpose  in  the  manufacture  of  organic  products  (Fr.  Pat.  338,990  of  1903). 

MANGANESE  DIOXIDE :  Mn02.  This  is  found  in  nature  as  a  dark  mass  in  the  form 
of  Pyrolusite,  which  is  the  most  abundant  manganese  ore  and  is  used  in  the  manu- 
facture of  chlorine.  On  heating  to  dark  redness  it  forms  Mn£03  +  O,  and  at  a  bright  red 
heat  Mns04  +  0.  It  dissolves  in  cold  HCl  without  evolution  of  chlorine,  but  at  high 
temperatures  the  dark  yellow  solution  of  MnCl4  which  is  thus  formed  decomposes  into 
CI2  and  MnCl2.  In  the  section  on  chlorine  (p.  144  et  aeq. )  we  have  described  the  various  {mto- 
oesses  for  regenerating  manganese  dioxide  from  various  salts,  especially  from  the  chloride. 
We  have  also  explained  the  tests  used  in  determining  the  value  of  manganese  dioxide. 
'  The  dioxide  is  readily  dissolved  by  a  solution  of  SO2  or  sodium  disulphite  and  this 
reaction  is  utilised  for  dissolving  the  dioxide  which  is  deposited  on  fabrics  bleached  with 
potassium  permanganate. 

The  hydroxides  Mn0(0H)2  and  Mn(0H)4  correspond  to  the  dioxide  and  are  obtained 
by  adding  a  hypochlorite  or  a  permanganate  to  a  solution  of  a  manganous  salt. 

COMPOUNDS  OF  MANGANIC  AND  MANGANOUS  ACIDS 

The  manganates  correspond  to  the  formula,  Mn04X'2,  and  the  perman- 
ganates to  Mn04X'.  When  any  compound  of  manganese  is  fused  at  a  dark 
red  heat  with  potassium  hydroxide  or  carbonate  in  presence  of  an  oxidising 
agent  such  as  KNO3  ^^  KCIO3  a  green  mass  results  which  is  soluble  in 
water  and  which,  after  concentration  in  vacvo,  separates  rhombic  prisms  of 
Potassium  Manganate,  K2Mn04,  which  are  isomorphous  with  the  chromate 
and  with  K:^04. 

It  is  decomposed  by  water  with  separation  of  MnOg,  the  solution  becoming 
violet  through  the  formation  of  potassium  permanganate  : 

3K2Mn04  +  2H2O  =  MnOa  +  4K0H  +  2KMn04. 

Thus  a  green  solution  has  become  violet,  hence  the  name  of  mineral  chameleon^ 
whilst  it  is  not  altered  by  alkalis. 

The  transformation  of  green  manganate  into  violet  permanganate  is  still 
more  rapid  under  the  action  of  acids,  chlorine,  or  ozone. 

K2Mn04  +  CI  =  KMn04  +  KCl        or 

3K,Mn04  +  2H8SO4  =  2KMii04  +  2KgS04  +  MnO,  +  %B^0. 
X  40 
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On  treating  violet  solutions  of  permanganates  with  hot  concentrated  alkalis 
green  manganate  solutions  are  regenerated. 

POTASSIUM  PERMANGANATE  :  KMn04.  This  is  prepared  industriaUy  by  mixing 
500  kilos  of  a  solution  of  KOH  of  sp.  gr.  1-44  with  180  kilos  of  powdered  Mn02  and  105 
kilos  of  KClOs  ;  the  whole  is  boiled,  evaporated,  and  the  residue  fused  in  crucibles,  heating 
until  it  has  acquired  a  pasty  consistency.  Th^  potassium  manganate,  K2Mn04y  which  is 
thus  obtained  is  dissolved  by  boiling  with  much  water,  whilst  a  current  of  chlorine,  (X)2«  or 
ozone  is  passed  into  the  liquid.  The  permanganate  separates  in  the  crystalline  form  from 
concentrated  solutions,  even  in  presence  of  KOH  which  is  formed  during  the  reaction, 
and  is  separated  from  the  dissolved  substances  in  a  hydro-extractor.  Potassium  perman- 
ganate forms  rhombic  crystals,  isomorphous  with  KCIO4,  of  a  blackish  appearance  but 
a  green  metallic  reflex.  It  is  soluble  in  12  parts  of  water  with  an  intense  violet-red 
colour  and  the  solution,  is  a  very  strong  oxidising  agent  for  both  organic  and  inoi^ganic 
Bubstanoes. 

The  solutions  of  various  permanganates  all  show  the  same  spectrum,  which  indicates 
that  they  all  have  the  same  MnO'4  ion  in  common. 

In  acid  solution  every  2  mols.  of  permanganate  liberate  5  atoms  of  oxygen : 
2KMn04  +  3H2SO4  »  2MnS04  +  K8SO4  +  SHgO  +  50  ;  and  the  end  of  the  oxidation 
of  a  substance  by  permanganate  is  recognised  by  the  permanence  of  the  violet  coloration 
due  to  the  latter,  so  that  no  indicators  are  used,  as  the  colour  of  manganese  sulphate  is 
not  perceptible  in  dilute  solution. 

In  neutral  or  alkaline  solution,  only  3  atoms  of  oxygen  are  evolved : 


ine  solution,  only  3  atoms  of  oxygen  are  evol 

2KMn04  +  H,0  -  2Mn02  +  2K0H  +  30. 

ised  for  the  conservation  of  wood  and  for  I 


Permanganate  is  used  for  the  conservation  of  wood  and  for  bleaching  textile  fibres 
by  immersing  them  for  some  time  in  an  aqueous  solution  of  KMn04  and  then  dissolving 
the  Mh02  with  sodium  disulphite.  It  is  also  used  for  purifying  various  gases,  snch 
as  OO2,  H,  NH3,  &c.,  and  is  an  energetic  disinfecting  and  oxidising  agent.  Thus  it 
transforms  ferrous  salts  into  ferric  salts,  nitrous  acid  into  nitric  acid,  and  oxalic  acid  into 
OO2,  and  reacts  with  H202  with  liberation  of  oxygen.  Crude  potassium  permanganate 
costs  £15  48.  per  ton,  and  when  crystalline  £40  per  ton. 

PERMANGANIC  ANHYDRIDE  :  MnsO?  (Manganese  Heptoxide).  This  compound 
is  obtained  as  a  dark  oil  on  adding  very  cold  concentrated  H2SO4  to  dry  KMn04.  It  is  a 
powerful  oxidising  agent  which  sets  fire  to  paper,  alcohol,  &c.  {Translator's  noie, — ^This 
compound  is  extremely  explosive). 

EIGHTH  GROUP 

This  is  the  last  group  of  the  periodic  system  and  may  be  divided  into  three 
subsections  : 

(a)    Iron,  Fe,  65-85  ;  Nickel,  Ni,  68-67  ;  Cobalt,  Co,  68-96. 

(6)    Ruthenium,  Ru,  101-7  ;  Rhodium,  Rh,  102-9  ;  Palladium,  Pd,  106-7. 

(c)    Osmium,  Os,  190-9  ;  Iridium,  Ir,  1931  •  Platinum,  Pt,  195. 

(a)  IRON  GROUP 

Iron,  nickel,  and  cobalt  are  distinguished  from  the  other  metals  by  their 
very  pronounced  magnetic  properties,  being  attracted  by  a  magnet.  Those 
iron  compounds  in  which  the  iron  is  most  highly  oxidised  (ferric  compounds) 
are  the  .most  stable,  whilst  in  the  case  of  nickel  and  cobalt  the  least  highly 
oxidised  compounds  are  the  more  stable,  as  in  the  case  of  copper  and  zinc. 

IRON :  Fe,  55.85 

This  important  metal  is  only  found  native  in  rare  instances  and  in  small 
quantities,  whilst  it  abounds  in  the  native  state  in  stars  (the  sun,  &c.),  where  a 
high  temperature  exists  in  presence  of  an  atmosphere  of  glowing  hydrogen. 
It  is  sometimes  found  on  the  earth  in  the  form  of  meleariUs  {meteoric  iron). 


IRON  627 

which  occur  in  blocks  up  to  a  weight  of  8  or  even  15  tons.  This  iron  is  not 
usually  homogeneous,  but  is  capable  of  being  worked,  does  not  contain 
chemically  combined  carbon,  but  almost  always  coatainB  4  to  10  per  cent,  of 
nickel.  In  Pig.  299  we  show  a  micrograph  of  meteoric  iron  obtained  by 
Widmanstatten  by  the  method  already  described  on  p.  410.  In  this  figure 
we  see  regular  designs  due  to  crystals  of  compounds  of  iron  with  nickel  and 
with  phosphorus. 

On  the  other  hand,  iron  ores  are  extremely  abundant  in  the  '  earth's 
crust   and  consist  of  the  oxides  Magnetite   or   Magnetic  Iron  Ore,  Fe,0,, 
Hcemaiite,    FctOg,    Specular    Iron   Ore   (anhydrous  crystalline,   FegOa),  and 
also    as    LimoniU,    FejOa.2HjO    and    2¥efis'B^iP,    Spathic    Iron   Ore    or 
Siderite,  FeCO,,  and  Iron  Pyrites,  FeSj,  in  which  ore  it  is  first  necessarj' 
to  utilise  the  sulphur.     Some  iron  ores  contain  much  manganese  and  others 
contain  much  titanium.     Iroa  ores  are  especially  abundant  in  England,  the 
United  States,  Germany,  Luxembui^,  Kussia,  France,  Spain,  Sweden,  Austria, 
China,  &a.    In  Italy  there  is  not  much  iron  ore,  but  the  most  important 
deposits  are  those  on  the  island  of 
Elba  where  (Aigiat  is  abundant,  and 
in  Sardinia,  where  there  is  hEematite, 
and   a    little   spathic    iron    ore    in 
the  Val  Trompia  and  Val  Camonica 
in   Iximbardy ;    in  the  Val   d'Aosta 
there  are  depoeits  of  magnetite  and 
oligist. 

PROPERTIES  OF  IRON.  Iron 
may  be  obtained  chemically  pure  by 
reducing  pure  iron  oxide  by  heating 
it  in  a  current  of  hydrogen,  or  pre- 
ferably by  precipitating  Mohr's  salt 
(ferrous  ammonium  sulphate)  with 
potassium  oxalate  and  igniting  the 
iron  oxalate  after  wafihing  it.  The 
product  is   then   washed   with   acid 

and  reduced  by  heating  in  a  current  ^^  2Qg 

of  pure  hydrogen.    Chemically  pure 

iron  has  a  silvery  appearance,  a  specific  gravity  of  7-84,  and  is  insoluble  in 
HCl ;  it  melts  at  about  1510°  and  expands  on  solidification. 

Pure  iron  is  of  no  particular  importance,  but  becomes  valuable  when  small 
quantities  of  other  accompanying  elements  are  present,  such  as  C,  Si,  Mn,  &c. 
Wrought  and  cast  iron  can  only  be  temporarily  magnetised,  whilst  steel  can 
be  magnetised  in  a  permanent  manner.  The  metal  is  not  attacked  by  water 
free  from  00^,  nor  even  by  dry  air  and  still  less  by  alkaline  water,  whilst, 
on  the  other  hand,  it  rusts  easily  in  moist  air  with  formation  of  ferric 
hydroxide. 

On  heating  in  the  air  it  becomes  covered  with  a  scaly  layer  of  FcjOj.  It 
decomposes  steam  at  a  red  heat  with  formation  of  feiroso -ferric  oxide,  FejO^, 
and  hydrogen,  but  the  reaction  is  reversible  as  this  oxide  is  reduced  by  hydrogen 
on  heating  :  3Fe  +  4HjO  —  FcjO,  +  4H,.  Iron  dissolves  in  HCl  and  in 
HjSOj  with  evolution  of  hydrogen,  whilst  when  dissolved  in  dilute  HNOj,  NO 
is  evolved  ;  in  concentrated  nitric  acid  it  becomes  passive  {see  p.  619).  Red-hot 
iron  bums  in  oxygen  with  production  of  sparks  and  of  very  intense  Ught. 

A  quality  of  iron  called  neutral  iron  is  to-day  obtained  which  resists  the 
action  of  sulphuric  and  nitric  acids  at  various  concentrations,  both  hot  and 
cold.  Its  resistance  exceeds  that  of  the  most  highly  carbonised  iron.  The 
process  of  manufacture  is  kept  secret. 
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METALLURGY  OF  IRON.  This  is  based  on  the  reducing  action  of 
carbon  at  high  temperatures  by  which  comparatively  infusible  iron  is  liberated 
from  the  oxides  ;  this  then  dissolves  carbon  at  high  temperatures,  becoming 
readily  liquefied  and  forming  cast  iron,  whilst  the  greater  portion  of  the  carbon 
is  evolved  in  the  form  of  CO  and  CO,,  thus  : 

FcaOs  +  2C  =  2Pe  +  CO  +  COj. 

The  impurities  are  eliminated  during  smelting  by  the  use  of  fluxes  which  form 
an  easily  fusible,  separable  slag.^ 

According  to  the  nature  of  the  ore,  but  more  especially  according  to  the 
carbon  contained  in  the  product  and  the  method  by  which  it  is  worked,  the 
following  varieties  of  commercial  iron  may  be  distinguished,  as  defined  by  an 
International  Commission  at  Philadelphia  in  1876. 


/"Cast  Ibon  or  Ero  Iron 
oontaining  2*3  to  5  per 
cent,  of  C,non-  malleable, 
readily  fusible  and  non- 
weldable 


as  ^ 

0^  \ 


Malleable  Iron  oontain- 
ing 0-02  to  2*3  per  cent. 
C,  and  fusible  with 
difficulty 


Fused  iron  con- 
taining 0*06  to 
2*3  per  cent, 
of  C. 


f  Common  grey  cast  iron  containing  a  large  portion  of 
its  carbon  in  the  uncombined  (graphitic)  state  and 
a  smaller  portion  in  combination. 
White  cast  iron  containing  3  to  5  per  cent,  of  carboii 
combined  as  the  iron  carbides,  FeC4,  FeCg,  FosCz, 
and  0-2  to  0-5  per  cent,  of  graphitic  C. 

If  tempered  it  is  easi  steel 
(Bessemer  and  open-hearth 
steel),  containing  0-5  to  2-3 
per  cent,  of  C. 
If  non-tempered  it  is  soft  steel 
(Bessemer  and  open-hearth), 
containing  0*05  to  0-55  per 
cent,  of  C. 

If  tempered,  cementation  steel 
or  fuddled  steely  containing 
0-2  to  0-5  per  cent,  of  C. 

If  non-tempered,  wrought  iron^ 
worked  or  puddled,  contain- 
mg  0-02  to  0-2  per  cent,  of  C, 
which  is  almost  entirely  com- 
bined. 


Unfused  iron — 
softened  or 
welded  —  con- 
taining 0-02  to 
0'6  per  cent. 
ofC. 


i 


The  ores  which  are  used  for  the  preparation  of  iron,  which  contain  30  to  60  per  cent,  of 
Fe,  are  sometimes  roasted  in  heaps  or  in  cupola  furnaces  in  order  to  remove  water,  CO2, 
As,  S,  &c.,  and  to  break  down  the  compact  lumps  and  oxidise  ferrous  oxide,  which  is  reduced 
by  carbon  with  more  difficulty  than  ferric  oxide.  Poor  and  rich  ores  are  then  blended 
according  to  the  local  conditions  in  order  to  obtain  the  maximum  yield  of  iron  and  the 
flux  IB  added  in  such  a  way  that  the  mixture  does  not  contain  more  than  50  per  cent,  of 
iron.  The  purpose  of  the  flux  is  to  remove  the  impurities,  S,  P,  Oa,  &c.,  and  to  then 
facilitate  the  fusion  of  the  iron  into  a  homogeneous  mass.  If  the  ore  contains  a  gangue 
rich  in  calcium  and  magnesium,  quartz  and  substances  containing  much  silica  and  alumina 
are  added,  whilst  if  the  gangue  of  the  ore  contains  much  silica  or  alumina,  limestone 
or  dolomite  is  added  in  order  to  always  obtain,  at  temperatures  close  to  the  melting-point 
of  the  iron,  a  slag  of  molten  silicates  which  removes  all  impurities  from  the  molten  iron 

*  Iron  vna  not  the  llist  metal  to  be  prepared  and  worked  by  man  as  it  was  not  commonly  found  native,  but  it 
foUowed  immediately  on  copper.  It  is  not  clear  how  it  was  extracted  by  the  primitive  peoples.  It  is  certain 
that  they  treated  iron  ores  in  a  very  nidimentary  and  imperfect  manner,  and  the  resulting  metal  was  certainly 
not  very  good.  They  also  flint  treated  meteoric  iron,  and  iron  objects  are  known  which  were  made  by  the  ancient 
Egyptians  at  least  5000  years  B.C..  and  by  the  Chinese  about  3000  B.c. 

Something  very  analogous  to  the  primitive  smelting  of  iron  is  still  met  with  on  the  western  coasts  of  India  and 
amongst  certain  African  tribes.  The  oxide  is  reduced  with  wood  charcoal  in  a  kind  of  cylindrical  clay  fumaoe 
about  1  metre  high  and  30  cm.  wide,  or  in  a  kind  of  hearth  excavated  in  the  ground.  Air  is  injected  by  bellows 
formed  of  goat  skins  and  tHtmboo  tubes,  but  a  homogeneous  fused  mass  cannot  be  obtained.  For  many  oenturiea 
the  Iron  produced  at  Damascus  and  Toledo  was  celebrated,  because  in  these  places  they  understood  how  to  prepwre 
the  most  varied  objects  from  spongy  iron  by  working  it  with  the  hammer. 

In  the  Middle  Ages  the  iron  industry  developed  throughout  the  woild,  but  the  procees  of  woxking  was  always 
primitive  and  ttie  iron  was  reduced  with  wood  charcoal. 
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and  earries  them  to  the  Burfaoe,  tkiu  bJbo  pnwerving  the  mcdton  iron  from  OKid«tion  by 
the  ail  which  is  blown  into  the  blast  furnace. 

The  ore  is  mixed  with  the  flni,  and  its  reduction  to  free  iron  is  conducted  in   large 
cupola  fumaoBB,  called  blast  fwmacet  (Fig.  270),  which  are  about  20  to  30  metres  high  and 
have  It  diameter  of  5  to  7  metros.     The  largest  of  these  fumaoeB,  which  are  erected  in  America 
and  are  up  to  37  metres  high,  cost  £80,000  to  £120,000.     The  mixture  of  ore  and  flux  is 
introduced  through  the  upper  mouth  by  pouring  it  into  /,  and  then  raising  the  pipe,  g, 
with  a  lever,  so  forming  a  slit  through  which  the  mixture  falle  into  the  furnace,    l^is 
mixture  is  introduced  alternately  with  charges  of  metallurgical  ooke  (or  wood  <diarooal 
or  Bometimes  even  anthracite).    At  one  time  these  furnaces  were  constructed  of  brickwork 
of  great  thickness  and  with  a  wide  base,  entirely  of  refractory  materials.     The  internal 
nhape  was  that  of  two  truncated  cones,  united  by  a  wider  base.     To-day  they  are  somewhat 
simplified  as  they  are  built  with  comparatively  thin  fireclay  walls  tightly  held  tt^^her  and 
enclofled  by  iron  plates.'     The  shape  of  the  fumaee  is 
g^perally  that  indicated  in  the  Figure.     In  the  space 
above  e  (the   stack)  drying  occurs  at  a  temperature 
of  about  400°  ;  the  reduction  of  the  ore  occurs  at  a 
teraperatore  of  1000°  to  2000°  below  and  400°  above. 
At  the  widest  point,  d,  called  the  btUy  of  the  furnace, 
the  iron  commences  to  soften  and  to  absorb  carbon. 
Carbatiisatiim    occurs  in  the  conical  part,  b,  called 
the  bodies,  where  the  temperature  rises  from  1200° 
to  1600°,  and  the  iron  absorbs  carbon  and  gradually 
becomes  more  fusible,   finally  collecting  as   a  liquid 
covered  with  molten  slag  in  the  cylindrical  sone,  a, 
called  the  hearth.     Below  a  the  fusion  of  the  iron  is  ' 
complete,  aa  the  temperature  riees  to  1800°,  and   at 
that  point  a  strong  blast  of  air  passes  into  the  furnace 
from  several  tuyeres,  e,  at  a  height  of  half  a   metre 
above  the  floor,  causing  the  combustion  of  the  carbon, 
BO  that  the  temperature   iii   this  zone  rises  to  2600°. 
The  lower  part  of  the  hearth  forms  the  emeAU  in 
which  the  liquid  east  iron  collects,  covered  by  molten 
slag,  which  protects   it   from   oxidation.       The  slag 
is  discharged  by  the  mouth,  r,  whilst  the  cast  iron  is 
discharged  through  the  opening,  g.      The  main  body 
of   the   furnace   and   ite  walls  rest  on  plates   of    cast 
iron  circularly  arranged  and  supported  by  numerous 
large  cast' iron  pillars,  n. 

The  blast  furnace  is  started   by  first  heating  the  Jio.  270. 

empty   furnace    by   burning   coke     in    it    and    then 
gradually  charging  in  the  ore  and  ooke  as  described  above.     When  work  has  once 

'  AlnienvDlutionlntbeBineltlngnnnii 
ol  the  syiteio  of  heating  tht  on.  In  Frui 
greeted  In  which  Che  hcsC  wu  better  utllieal 

mignte  bom  the  tup  uf  the  moUDlalnB  town] 

Ushei  tempemtore  ftnd  the  absaiptlon  ol  a 

ni  enily  warked  irith  ■  bammer.  but  to  > 

•nought  artei  toltdlfliatlaa  u  It  wa>  vvty  (1 

tarily,  (or  the  Brut  time.      It  mm,  however,  noon  louna  inai  arar  lunnor  ireatnient  uic  c«i  iron  again  Decaine 

mslleable  and  iilintlartolbc  Iron  whii:h  had  been  prepared  In  the  put,  but  of  bf^ter  quality.      In  l50Utht-new  pneeiia 

Qermany  with  ItsKront  rorri't  wealth  miintalned  il«'lt  at  the  head  o(  Eiuope  diitlnn  seven!  oentDrlesIn  imn 
production,  but  no  Lmportantlniiavatlang  were  IntroducediutD  this  Indualryuntlltho  eighteenth  eentury.  Atlempti 
were  made  In  Bngland  In  1T29,  anil  before  that  In  Brlglam  in  1SZ7,  to  replace  wood  chsreosi  by  coal  and  to  BiDelt 
the  ore  In  reverbentory  fumacee  with  colie  ipeclally  prepared  In  a  •peeles  of  oven,  but  did  not  lead  to  pnctleal 

at  £4  per  ton.  whilst  that  prepared  with  wood  eharooal  east  £•  to  £S  (U. 

In  Amerle»  the  produetlun  ol  Iron  In  blast  tunuucs  commeneed  In  17S0  and  developed  Hmsldatably  during 
the  elght«nth  cantiiry.  but  the  most  laatastle  prophet  could  not  hivs  foreseen  the  immenK  devsLopment  ot  Uh 
Iron  indnitiy  In  the  United  States  lo-day. 

In  England  the  dpvelopnipnl  of  the  iron  Industry  was  closely  eonnectm  with  the  possibility  of  replKlng  wood 


datthebi 

■ginning  alt 

hethlrte. 

?nth  century  by  a  modlUcatlaa 

in  alegi 

iiland  (P™«ia)  the 

Arst  KUut  funaoM  were  then 

ndlng  the 

whole  nia« 

.dine]  by  a  form  of  brickwork 

water  wheels.      We 

then  see  the  smcltini!  of  iron 

w-tei-p. 

ower.  but  these  bla«t  (uraaces 

3  longer  led 

toapsi 

.ty  and  spongy  product  which 

liquid  at  a 

red  heat 

and  which  coDld  no  longer  be 

ould  not  1 

be  welded. 

CaMiro 

a  was  thus  produced.  lavalDO- 
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been  gradually  started — a  process  which  requires  some  weeks — ^it  oontinnes  unintermptedly 
for  several  years.  A  certain  quantity  of  burnt  pyrites  is  now  used,  together  with  the 
ordinary  iron  ore.^ 

The  carbon  dioxide  which  is  formed  by  the  combustion  of  the  carbon  in  the  air  which 
is  supplied  by  the  blowers  is  conyerted  into  CO  on  passing  through  the  layers  of  hot  carbon, 
and  this  acts  on  the  layers  of  ore  through  which  it  passes  and  removes  oxygen  from  the  iron 
oxide,  again  forming  CO2  together  with  spongy  metallic  iron.  The  same  reactions  alternate 
and  are  repeated  in  each  layer.  At  the  upper  mouth  of  the  furnace  the  blastfurnace  ffoses 
escape.  These  were  once  burnt  in  the  air  and  lost,  but  are  to-day  utilised  as  they  contain 
much  CO  and  have  considerable  calorific  power.  In  order  to  utilise  them  they  are  conveyed 
by  large  iron  pipes,  h  and  t  (Fig.  270),  of  1-5  to  2  metres  diameter  to  the  regenerator  for  the 
blast  (Fig.  271),  and  also  to  the  boilers  of  the  steam-engines,  which  yield  the  necessary 
mechanical  energy  for  the  works.  To-day  however  these  gases  are  preferably  utilised 
directly  in  gas  motors,  as  in  order  to  obtain  1  h.p.  less  than  4  cu.  metres  are  required 
in  this  way,  whilst  in  order  to  obtain  the  same  amount  of  energy  from  a  steam-engine 
22  cu.  metres  are  necessary.  In  1895  Thwaite  and  Grardener  at  Glasgow  and  Cockerill 
in  Belgium'  first  used  gas  motors  of  12  h.p.,  but  to-day  the  best  results  are  obtained  with 
1200  h.p.  gas-engines.  In  1902  more  than  200,000  h.p.  were  thus  utilised  in  Europe.  At 
Portoferraio  in  the  works  of  the  Societd  Alti  Fami  Elba,  about  4000  h.p.  were  produced 
in  1908  from  the  blast-furnace  gases  in  1300  h.p.  engines.^  The  Indiana  Steel  Company 
at  Gary  has  16  blast  furnaces  of  which  45  per  cent,  of  the  gases  are  used  for  the  pro- 
duction of  200,000  h.p.     For  some  years  it  has  been  found  advantageous  to  inject 

charcoal  by  coal.  The  first  unsuccessful  attempts  in  this  direction  did  not  discourage  British  enterprise,  and  in 
1740  A.  Darby  and  R.  Ford  succeeded  in  replacing  wood  charcoal  in  the  blast  furnace  by  coke  prepared  from  ooal. 
thus  increasing  the  daily  output  of  each  furnace  considerably.  The  old  furnaces,  working  with  wood  charcoal, 
were  increased  in  size  to  a  height  of  12, 15,  and  even  19  metres  in  order  to  compete  with  the  new  process,  but  the 
maximum  production  never  exceeded  1  ton  per  day,  whilst  in  a  coke  furnace  in  1800  4  tons  of  iron  per  day  were 
produced  in  certain  cases,  and  the  consumption  of  coke  was  about  2  tons  per  ton  of  iron  produced,  whilst  the 
consumption  of  wood  cliarcoal  was  double  and  even  sometimes  four  times  that  amount.  The  output  of  the  blast 
furnaces  was  still  further  increased  by  improvements  in  the  blast.  Instead  of  leather  bellows  more  powerful  wooden 
bellows  were  employed,  and  then,  on  the  introduction  of  the  steam-engine,  cylindrical  blowers  were  propoaed 
by  Smeaton  in  1768,  by  which  means  even  the  charcoal  furnaces  were  able  to  raise  their  production  from  300  tons 
in  1740  to  550  tons  in  1788. 

On  the  continent  of  Europe  the  first  blast  furnace  usinc;  coke  appeared  in  1707,  but  was  not  immediately  soccesaful. 
In  England,  however,  there  were  more  than  161  blast  furnaces  in  1805  of  which  only  2  still  used  wood  charooal. 
and  at  that  period  England  over-ran  all  the  world's  markets  and  remained  for  many  years  at  the  head  of  iron 
producing  and  consuming  countries. 

This  pre-eminence  did  not,  however,  remain  uncontested,  and  a  serious  difficulty  for  Engbmd  arose  from  the 
first  in  the  refining  of  the  cost  iron,  that  is,  in  its  transformation  into  wrought  iron  by  repeated  heatii^;  with  wood 
charcoal.  Attempts  made  in  1780  to  refine  the  cast  iron  with  coal  did  not  yield  ^ood  results,  but  in  1783  Gort 
patented  a  refining  furnace  which  raised  hopes  of  the  solution  of  this  problem.  In  1784  the  first  puddling  furnace 
was  actually  proposed  simultaneously  by  B.  Onions  and  by  Cort ;  the  cast  iron  was  charged  into  a  reverberatory 
fnrnaoe  witha  sand-covered  hearth  and  heated  with  stirring  in  presence  of  air  until  gas  was  evolved ;  the  stirring 
was  continued  until  the  atmospheric  oxygen  gradually  removed  the  carbon  from  the  cast  iron  in  the  form  of  carbon 
monoxide  and  dioxide,  so  that  the  mass  was  converted  into  lumps  of  wrought  iron. 

This  process  was  jealously  kept  secret,  but  in  1800  the  first  drawings  of  puddling  furnaces  were  gradually  acquired 
by  other  countries,  although  the  predominance  of  England  had  already  been  established. 

*■  In  the  past  this  could  not  be  used  as  it  contained  4  per  cent,  and  even  more  of  sulphur.  The  St.  Gobain 
Company,  near  Vienna,  in  1873  attempted  desutphurisation  in  Ferret's  multiple  hearth  furnace,  using  alternate 
hearths  fbr  pirites  and  for  bnnit  pyrites. 

Burnt  pyrites  may  now  be  obtained  (if  it  does  not  contain  zinc  or  lead)  with  2  per  cent,  of  sulphur  'n  the  case 
of  lumps  or  1  per  cent,  in  the  case  of  smalls,  and  is  well  suited  for  the  production  of  iron.  Since  1902  the  En^ish 
ironmasters  reject  pyrites  containing  more  than  2  per  cent,  of  sulphur,  whilst  in  Germany  it  is  rejected  if  it  contains 
more  than  li  per  cent. 

But  powdered  pyrites  obstructs  the  blast  furnace  and  attempts  have,  therefore,  been  made  to  form  it  into 
briquettes  with  the  help  of  tar,  peat,  and  limestone,  which  latter  removes  the  sulphur.  In  other  cases  it  is  worked 
to  a  paste  with  lime  and  converted  into  briquettes,  which,  after  drying,  are  suitable  for  smelting.  In  any  case 
these  materials  very  soon  become  pulverised  at  the  high  temperature  of  the  blast  furnace  and  under  the  strong 
compression  of  the  material  resting  on  them,  and  therefore  cause  much  trouble.  Attempts  have,  therefore,  been 
made  to  work  up  the  burnt  pyrites  with  clay  and  sodium  silicate  (7  per  cent.),  baking  the  briquettes  in  gas  furnaces 
in  order  to  harden  them,  after  which  they  can  advantageously  be  used  in  the  furnace. 

Charges  for  blast  funiaccs  arc  used  containing  12  to  25  per  cent,  of  burnt  pyrites,  30  to  85  per  cent,  of  limestone, 
and  40  to  50  per  cent,  of  iron  ore.  Cast  iron  is  thus  obtained  containing  0-02  to  0-09  per  cent,  of  sulphur  and  as 
much  as  3  to  4  per  cent,  of  silicon. 

'  The  company  which  owns  the  blast  furnaces,  foundry  and  steel  works  at  Piombino  employs  about  3000 
workmen  and  annually  treats  100,000  tons  of  iron  ore  from  the  island  of  Elba,  which  costs  8t.  10^  per  ton  at  the 
mine.  With  a  new  blast  furnace  they  also  treat  calcareous  iron  ore  from  Gampiglia.  The  blast-furnace  gases 
are  used  to  heat  the  blast  of  the  furnaces,  and  also  to  drive  three  large  gas  engines  to  produce  electrical  energy,  which 
may  also  be  produced  by  a  reserve  gas  producer.  The  blast  furnace  produces  pig  iron  for  the  foundry  and  con- 
sumes 950  kilos  of  coke  per  ton  (1000  kilos)  of  cast  iron.  The  new  blast  furnace,  which  has  only  been  working  for 
a  short  time,  is  able  to  turn  out  200  tons  of  cast  iron  per  24  hours.  A  regenemtive  open-hearth  tumaee  has 
also  been  projected  capable  of  producing  up  to  300  tons  of  steel  per  day.  The  slag  from  the  blast  furnaces  is  par- 
tially used  in  the  manufacture  of  cement  and  it  is  intended  to  granulate  it  and  convert  it  into  bricks.    The  first 
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previotuly  dried  gas  mto  th«  blast  fnmaoe  ;  bnt  in  case  this  is  not  used  in  gas  motora 
it  IB  necesaary  to  dry  the  air  before  injecting  it  into  the  fumaoe.  Apart  bom  suitable 
admixture  of  the  ore  with  the  necessary  quantity  of  flux,  the  nature  of  the  fuel  is  of  impor- 
tuioe.  Wood  charcoal  was  onoe  used,  but  was  too  dear  and  was  then  advantageously 
replaced  by  coke  iriiich,  being  harder,  allows  mnch  larger  furnaces  to  be  used,  which  to-day 
turn  out  770  tons  of  iron  per  24  hours  in  America,  whilst  in  the  first  blast  furnaces  the  pro- 
duction was  only  3  to  4  tons.  For  certain  ores  a  blast  furnace  yielding  100  tons  of  cast 
iron  per  day  requires  95  tons  of  coke  and  S6  tons  of  limestone  and  produces  about  85  tons 
of  blatl-furjiaee  glag,  the  composition  and  utilisation  of  which  have  been  described  on 
p.  597.  For  the  production  of  1  kilo  of  cast  iron  4460  Cals.  are  required  and  by  using  the 
dry -air  blast  a  temperature  is  maintained  which  is  about  200°  higher,  considerable  quantities 
of  fuel  being  thus  saved,  with  increase  of  output. 


Fio.  271. 

A  great  improvement  was  eSected  by  the  use  of  strongly  compressed  and  preheated 
air  in  the  blast.  In  this  way  the  process  was  rendered  more  rapid  and  the  results  were 
improved.  The  blast-furnace  gases  are  used  for  preheating  the  blast.  These  contain 
about  26  to  30  per  cent,  by  weight  of  CO,  7  to  16  per  cent,  of  COj,  52  to  58  per  cent,  of  N, 
0-4  to  0-8  per  cent,  of  0,  7  to  0  per  cent,  of  H,  2  to  3  per  cent,  of  CU«,  and  also  5  per  cent, 
of  steam.  Those  gases  have  a  calorific  power  which  varies  between  900  and  1000  Cals.  per 
cubic  metre. 

A  blast  furnace  of  the  type  already  cited,  yielding  100  tons  of  cast  iron  per  day,  produces 
250  cu.  metres  of  gas  per  minute  and  utilises  about  the  same  quantity  of  air  in  Uie  blast. 
The  blast-furnace  gases  have  a  temperature  ot  250°  to  300°,  When  these  gases  escape  from 
the  blast  furnace  they  deposit  their  dust  in  an  iron  cylinder,  n  (Fig,  271),  and  then  pass 
through  the  horizontal  tubes,  o,  into  p,  which  leads  to  the  txittom  of  a  cylindrical  Siemens 
regenerator  (pp.   367  and  501),  F,  aa  devised  by  Cowper  {Cowptr'a  elove).     This  is  15  to 

coke  oveni  were  naCaupp1i«l  with  Bmngemcnts  For  recovciy  ol  the  dlitlllKtion  pntducts.  but  their  beat  wu  uClllKd 
lor  ths  product Lon  olst««iOBnd  power  (or  the  blowing  englDei  ol  llie  blutfurnue.  Thsy  «ronow  lulngnewmkB 
□veu  on  the  tyilcm  ot  C.  Otto  H  Co.,  In  which  the  by-products  are  lecavared  and  the  eiceia  ot  gaa  la  nied  lor 
the  produolton  ol  »l«trical  entrgy. 
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SO  metres  high,  and  has  a  diameter  of  fl  to  8  metres.^  The  inside  of  the  reg^ierator  oontuns 
Toy  nuineroaa  dkj  cylinders  of  which  there  may  b«  as  manj  as  500,  with  a  heating  stir£ac« 
of  about  6000  sq.  metiee,  and  thus  the  gaeee  bom  together  with  air  which  ent«rs  through 
the  large  flue,  D,  and  then  descend  along  the  small  pasn^^  between  the  cjlinderH,  heating 
them  strongly  and  Anally  eecaping  to  the  chimney  through  the  flue,  8.  This  furnace  is 
heated  to  900°  to  1000°  in  one  hour  and  the  gases  are  then  burnt  in  a  gimilar  neighbouring 
furnace,  whilst  oold  air  enters  the  first  furnace,  passing  in  through  the  tube,  o,  from  the 
compressor  and  being  heated  to  600°  to  800°.  The  hot  air  then  passes  throngh  tbe  well- 
insulated  pipe,  R,  from  which  it  is  distributed  to  varions  pipce  which  lead  it  to  the  tuyeres, 
m,  inside  the  blast  furnace.  With  this  arrangement  the  temperature  inside  the  blast 
furnace  is  20  per  cent,  higher  than  it  was  before  hot  blasts  were  used.  Cowper'a  stove  Iibb 
extended  rapidly  thronghont  Europe  since  1805  and  has  led  to  great  economy  of  coke  aa 
the  quantity  used  fell  from  3  tons  to  1  ton.     A  further  economy  of  5  to  10  per  cent,  of 


coke  and  a  10  per  cent,  increase  of  production  has  been  achieved  by  prerionsly  drying  tke 
air  of  tbe  blast. 

The  molten  cast  iron  is  usually  discharged  from  the  furnace  in  the  evening  and  in  tbe 
"""  'a  flow  whilst  rod  hot  into  channels  formed,  of  earth,  and  directing 

imerous  moulds  also  of  earth,  which  are  lined  with  sand.  The  cast 
iron  is  thus  obtained  in  bars  {piga)  ready  for  further  treatment  Fig.  272  shows  the  lower 
part  of  a  blast  furnace  at  the  moment  when  the  iron  is  discharged.  In  1902  there  were 
93  blast  furnaces  in  Prance  (122  in  1906.  but  only  111  active  in  1907,  ISO  in  1908,  of  which 
106  were  working,  and  produced  1 1 ,000  tons  of  cast  iron  daily) ;  *  there  were  26  in  Belgium, 

'  There  have  been  nuny  improvpmcnta  al  the  v«rloia  tnbe  ijtttat  (or  pieheiting  the  blut.  lor  ImImw, 
the  bondla  o(  tub™  called  CaUtr  tul>c«  Brmngetl  In  i  sitltnblp  tumac*  u  devlsfd  by  Neiimn,  and  t)»w  iHvpiHal 
by  Faber  du  Faur  In  1831  and  placed  In  the  upper  nwmth  ol  theblaet  furnace,  whlrh  are  b«l«i  by  the  part 
which  OKape  at  that  point.  This  lattcf  eystoin  of  tubes  was  lor  a  long  period  known  ai  the  WaMemlflng«  ayaten 
(rom  the  name  of  the  workB  in  WBrtenibcrg  in  which  it  w»»  first  appUed,  bat  the  ayilon  derlied  by  Alfred  Cowper 
la  the  most  ImporWnt  of  all,  namely,  the  lyHlcm  of  applying  the  prlncliae  ol  Sieniene  i 

'  At  the  beginning  of  the  nineteenth 
tromcoal.sndlnlBST  Q.  Crane  applied! 
the  fflret  Utn  of  cast  iron  by  meana  of  ho' 
■towly.    Ii,  rranee  there  wa»  only  a  lin 
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343  in  Englaad,  139  in  Sweden,  11  in  It^7,  14  in  Canada,  and  266  in  the  United  Stat«e, 
in  which  connbry  340  furnaces  were  working  in  1906. 

For  many  yeHV  it  wbb  believed  th&t  the  abundance  of  CO,  in  blast-fumooe  gaaee  was 
cansed  by  incomplete  reaction  between  th«  iron  oxide  and  the  CO.  The  height  of  tbie 
fumacee,  the  t«mperatnre  conditions  and  the  prcBsure  were  all  varied,  but  in  vain.  It  is 
not  actually  possible  to  improve  matters  in  this  respect,  because  the  reaction, 

Fe,0,  +  3C0  =:  2Fe  +  3C0„ 

ia  reversible,  and  is  subject  to  the  laws  of  chemical  equilibrium. 

The  relation   between   the   CO   and  COa  cannot  therefore  be  appreciably   modified, 
which  is  also  true  for  the  reason  that  there  is  no  alteration  of  volume  during  the  reaction 
as  3  vob.  of  CO  form  3  vols,  of  COj,  and  thus  the  relationship  between  the  CO  and  CO^  is 
independent  of  the  pressure  and  constant  for  a  given  temperature  {p.  3B0).     Also,  since 
but  little  heat  is  evolved  during  this  reaction,  the  relationship  is  only  altered  to  a  minumJ 
extmt  by  variations  of  the  temperatuce,  and  the  complete 
reduction  of  the  FejOj  is  only  partially  due  to  the  action 
of  the  CO.     Nothing,  therefore,  remains  but  to  utilise  the 
gasee  formed  in  the  blast  f  mriace  as  completely  as  possible, 
and  OB  a  mattM  of  fact  these  now  constitute  on  important 
source  of  energy. 

The  various  qualities  of  oorameroial  cast  iron  are  pre* 
pared  by  remelting  the  crude  pig  iron. 

Small  foundriu  obtain  their  oast  iron  from  scrap  iron 
which  they  charge  into  a  furnace  mixed  with  ooal.  Tliis 
furnace  is  small,  cylindrical,  and  vertical  with  an  internal 
lining  of  fire  clay  (Pig.  273) ;  it  is  called  a  oupola  furnace 
and  air  is  injected  below.  Such  cast  iron  from  blast 
fwnocee  as  is  not  immediately  transformed  into  stael  is 
also  remelt«d  and  refined  in  cupola  furnaces,  being  mixed 
with  cast-iron  eorap,  coke,  and  2  to  3  per  cent,  of  lime 
acoording  to  the  quantity  of  silica  which  it  contains ;  a 
more  homogeneous  easting  is  thus  obtained,  which  is  harder 
and  has  a  finer  grain.  MaUeable  caMnge  are  obtained  by 
heating  the  castings  obtained  in  the  cupola  for  three  or 
four  days  in  furnaces  until  they  become  coated  with  iron 
oxide,  thus  producing  slight  decarbonisation  at  the  surface. 
In  producing  iron  oastings  it  is  necessary  te  allow  for  the 

coefficient  of  expansion  of  the  cast  iron,  which  is  laannn 

of  its  length  for  each  degree,  and  when  a  casting  solidifies,  ^"^  '''■ 

about  — —  linear  shrinkage  is  allowed.    The  density  of  grey  or  black  cast  iron  is  7,  and 

that  of  white  cast  iron  7-B. 

Cost  iron  is  sometimes  tempered,  for  instence,  fay  immersing  it  in  oil  whilst  hot,  and  it 
then  becomes  lees  brittle. 

The  value  of  oast  iron  which  is  to  be  used  for  the  manufacture  of  eteel  depends 
considerably  on   ite   contents   of   silicon   and   manganese,  because  if   these   are   present 

at  SfiCAlDg,  PCAT  LLAge.  by  tha  um  of  coke  liiid  ot  puddLJng  hiniue*,  ftnd  la  1B23  he  oofutraoted  a  blmat  taroMCV 
oalDC  ooke,  mboDt  1&  metm  high,  vblch  produced  10  tons  □(  oet  Irao  dftlly  to  Uw  admlrslloD  or  tbe  whole  dl 
Europe.  In  18»S  tliere  were  iliudy  32  blut  funuces  In  Belgium.  In  Oernun^  in  1S37  ftO  psr  cenC.  ot  ttiE  Iroa 
wu  gtlU  produced  with  wood  charcoal.  7S  pel  seat.  In  1S60.  30  per  cgnt.  In  18S0.  sod  tften  aRcr  18T0  coke  wu 
Qsad  everywhere.  In  Awtjia  the  Brtt  coke  blut  (uroue  wu  ooQetmetBd  in  1S£1.  The  Inl  blut  lurniHe  In 
Anurin  wu  elected  by  Oermins  in  1S09.  and  In  ISII  there  were  already  t«n  of  tbem ;  the  tepUcement  of 
wood  charcoal  by  anthracite  was  tried  with  completfi  auccesa  In  ISSO  by  Oelsaenhaluer  who  UKd  powerful  Bnglisb 
cyllndrtcal  blowera. 

In  1837  tlw  use  of  bltnmlnoiu  coal  was  tried  with  good  rcmiltg.  bat  the  ue  ot  ooks  only  alowly  extended  after 
1841.     Scandinavia  alone,  with  Its  enormouji  turevts,  has  contlnurd  until  to-day  to  wotk  with  wood  chareoal. 

A  great  Iraprovcraciit  In  Iron  anipllliig,  apart  from  improvemcnU  Id  the  construction  of  the  tumar™,  which  are 

hntbhiat.  He  eucceodcd  In  this  way  In  doubling  the  output  ol  the  aanm  furnace,  and  whllat  8  Ions  ot  coke  were 
uwd  to  obtain  1  ton  ot  Iron  wllh  a  cold  blait.  the  consumption  tell  to  5  tonawitb  a  blast  at  150°,  and  to  about  3 
tona  at  a  tvmprrature  of  SOO*. 


684  INORGANIC    CHEMISTRY 

in  large  quantity  a  higher  temperature  is  obtained  in  the  converter  and  purification  is 
easier. 

By  remelting  in  cupola  furnaces  either  white  or  grey  cast  iron  can  be  obtained  at  will 
by  cooling  more  or  less  rapidly.  The  difference  between  the  two  qualities  is  indicated 
in  the  Table  on  p.  628.  Metallurgical  coke  is  added  in  the  cupola  to  the  extent  of  about  130 
kilos  per  ton  of  cast  iron  obtained.  The  cupola  is  heated  from  the  commencement  and  an 
air  blast  is  then  used  at  30  to  40  cm.  pressure. 

White  ccMt  iron  is  sometimes  so  hard  that  it  cannot  be  scratched  even  by  the  hardest  steel. 
When  grey  cast  iron  is  rapidly  cooled  it  is  converted  into  white  cast  iron ;  conversely 
white  cast  iron,  which  is  more  difficult  to  melt,  is  transformed  into  grey  cast  iron  if  slowly 
cooled; 

Cfrey  cast  iron  has  a  grey  lustrous  aspect  with  granular  structure  and  fracture,  is  not 
malleable,  melts  easily,  and  passes  directly  from  the  solid  to  the  liquid  state  at  1200^  to 
1300^  ;  it  cannot  therefore  be  welded,  whilst  white  cast  iron  remains  pasty  before  melting 
at  1100°  to  1200°.     Cast  iron  containing  10  to  20  per  cent,  of  Mn  is  called  apiegdeisen. 

Cast  iron  containing  much  sulphur  (more  than  0*3  per  cent.)  is  of  inferior  quality,  and 
in  order  to  prevent  the  sulphur  from  the  coke  from  passing  into  the  iron  in  the  blast  furnace, 
Beusch  (1902)  proposed  to  render  the  slag  more  liquid  by  the  addition  of  a  little  manganese 
ore — 0-5  to  1  per  cent. — but  Wedemeyer  (190i)  maintains  that  desulphurised  cast  iron  is  not 
obtained  even  when  5  per  cent,  is  added. 

A  mcUleahle  cast  iron  or  decarbonisation  of  castings  to  a  depth  of  2  cm.  may  be  obtained, 
according  to  Ger.  Pat.  213, 950  of  1908,  by  immersing  the  castings  in  molten  sodium  hydroxide 
at  a  temperature  of  1100°. 

According  to  Orthey  (1907)  cast  iron  with  a  maximum  resistance  to  tension  and  minimum 
resistance  to  bending  should  contain  20  to  25  per  cent,  of  its  total  carbon  in  the  form  of 
carbide,  0-5  per  cent,  of  manganese,  0-2  to  0-5  per  cent,  of  phosphorus,  1  to  1  '6  per  cent,  of 
silicon  and  0*06  to  0-15  per  cent,  of  sulphur,  according  to  the  thickness  of  the  casting ; 
a  very  pliable  cast  iron  which  has  very  little  resistance  to  tension  should,  on  the  other  hand, 
contain,  according  to  the  thickness  of  the  casting,  from  1-4  to  2  per  cent,  of  silicon  and 
minimal  quantities  of  manganese,  phosphorus  and  sulphur  ;  good  pliability  and  fair 
resistance  to  tension  are  obtained  in  castings  of  intermediate  composition. 

WROUGHT  IRON:  Other  qualities  of  iron  and  steel  are  obtained  from  crude  pig 
iron  by  decarbonising  it  to  a  greater  or  less  extent.  At  one  time  wrought  iron  was 
obtained  in  the  Catalan  manner  by  the  direct  action  of  wood  charcoal  on  the  ore  under 
:the  action  of  an  air  blast. 

White  cast  iron  is  more  suitable  than  the  grey  variety  for  the  preparation  of  wrought 
iron,  because  combined  carbon  is  more  easily  eliminated  than  graphitic  carbon.  The  decar- 
bonisation or  refining  may  be  carried  out  in  various  ways ;  in  the  finery  or  open  hearih 
by  dropping  the  molten  cast  iron  through  a  current  of  air  and  then  passing  an  air  blast  into 
the  molten  mass.  The  temperature  is  considerably  raised  by  the  combustion  of  the  carbon 
contained  in  the  cast  iron  and  decarbonisation  is  completed  on  the  floor  of  the  crucible 
with  formation  of  a  considerable  amount  of  slag  which  is  rich  in  iron. 

At  a  very  high  temperature  the  greater  part  of  the  fused  slag  is  easily  separated  and  when 
refining  is  finished  the  last  residues  of  slag  are  eliminated  by  removing  the  lumps  of  semi- 
molten  iron  from  the  furnace  and  hammering  them  ;  at  every  blow  of  the  hammer  portions 
of  the  remaining  slag  are  beaten  out  of  the  iron.  From  100  kilos  of  crude  pig  iron  about 
75  kilos  of  wrought  iron  are  obtained. 

This  iron,  when  of  the  best  quality,  is  very  dear,  and  therefore  since  1784  the  refining 
of  cast  iron  by  puddling  was  started  in  England.  This  operation  is  conducted  in  rever- 
beratory  furnaces  with  hearths  covered  with  slag  from  a  previous  operation.  The  cast 
iron  is  continuously  stirred  as  it  gradually  softens  in  order  to  bring  it  into  intimate  contact 
with  the  air  and  eliminate  the  carbon.  It*  is  heated  by  the  direct  flame  of  a  coal  furnace, 
and  fluxes  are  added  if  necessary  so  that  a  slag  rich  in  iron  is  obtained  until  decarbonisation 
is  complete.  At  the  end  of  the  operation  lumps  of  pasty  iron  are  obtained,  because  whilst 
cast  iron  readily  liquefies  the  wrought  iron  gradually  becomes  pasty,  and  these  are  then 
hammered  in  order  to  eliminate  the  last  traces  of  slag.  Puddling  conducted  in  this  manner 
is  a  very  lengthy  operation  lasting  several  days  and  is  very  exhausting  and  dangerous  fi>r 
the  workmen,  and  also  very  difficult.  Attempts  have,  therefore,  been  made  to  render  the 
operation  more  automatic  and  to  effect  an  economy  of  fuel.  • 
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Since  1871  the  |»oblem  may  be  said  to  have  been  Bolved  by  means  of  Danis'  rotary 
hiroac«  (Fig.  274).  The  fireplace  ie  eimilai  to  those  of  the  usual  fumaccH  and  the  cylinder 
—where  the  cast  iron  is  mell«d — is  formed  of  cast-iron  plates  and  lined  internally  witJi 
refractory  maferiala  (hematite  and  bamite).  The  cylinder  revolves  on  pulleya  and  is 
turned  by  oog-wheels.  Each  charge,  which  conaista  of  35  tons  of  cast  iron,  may  be  inteo- 
duced  in  the  liquid  state  as  it  is  disoharged  from  the  blast  furnace  ;  60  per  cent,  of  fusible 
^tag  is  then  added  in  order  to  refine  the  prodact. 

When  puddling  is  conducted  in  this  maoner  it  lasts  from  I  to  2  hours,  and  the  final 
lumps  of  pasty  iron  are  first  hammered  with  the  usual  hammer  and  then  traiiBformed  into 
sheets,  wires,  rods,  &c.,  or  directly  into  steel.  Pemot  furnaces  with  a  circular  revolving 
hearth  were  used  later  and  their  output  was  double  that  of  the  Danks'  furnace. 

The  refining  of  pig  iron  is  conducted  still  more  rapidly  and  perfectly  in  Bessemer  con- 
verters which  are  also  used  for  the  production  of  steel,  their  output  being  very  large. 
Whilst  puddling  in  the  primitive  puddling  furnace  lasted  several  days  or  even  entire  weeks 
tor  the  conversion  of  a  few  t«ns,  10  tons  of  iron  are  now  decarbonised  in  the  Bessemer 
converters  in  15  to  20  minutes  [see  beloto),  the  iron  containing  less  than  0-26  per  cent,  of 
Si,  0-2  per  cent,  of  sulphur  and  0-5  per  cent,  of  phosphorus. 

STEEL  is  distinguished  from  cast  and  wrought  iron  by  the  quantity  of  carbon  which  it 
contains,  which  is  0-2  to  2-3  per  cent., 
preferably  from  0-5  to  1-5  per  cent.,  and 
by  ite  property  of  acquiring  a  temper, 
that  is,  of  becoming  greatly  hardened  and 
losing  ite  elasticity  when  it  is  heated  to 
about  900°  and  rapidly  cooled  in  water, 
oil,  &c.>  Steel  differs  from  cast  iron  by 
its  capability  of  being  welded  on  to  itself 
when  heated.  It  has  a  very  fine  grain 
which  is  the  finer  the  better  the  quality. 
Its  stmctuie  becomes  apparent  on  im- 
mersing steel  in  HCl.  It  is  more  or  less 
hard   and  more  or  less  elastic  according 

t«  its  composition  and  the  way  in  which  Fio.  274; 

it  has  been  treated.    It  melts  more  easily 

than  wrought  iron,  at  1300°  to  1800°.  Its  hardness  is  diminished  on  heating  it  for  a 
long  time,  and  on  varying  the  temperature  it  assumes  various  coloiu's  from  reddish- 
yellow  to  iridescent  blue  {soft  steel,  watch  springs,  knife  blades,  Ac). 

Steel  obtained  directly  from  the  ore  is  not  much  used.  Almost  all  steel  is  to-day 
prepared  by  the  Bessemer  process,  which  was  started  in  1855  and  became  general  much 
later.  Since  this  process  became  known,  the  Martin  (open-hearth)  process  and  various 
others  have  been  introduced,  which  we  will  briefly  describe.^  A  good  steel  contains  less 
than  O-Ol  per  cent,  of  sulphur  and  loss  than  0-12  per  cent,  of  phosphorus. 

MANUFACTURE  OF  STEEL  AND  MOLTEN  OR  HOMOGENEOUS  WROUGHT 
IRON  by  the  Bessemer  process.  The  greatest  advance  in  the  metallurgy  of  iron  was  achieved 
by  the  invention  of  Henry  Bessemer  of  Sheffield  in  1S55,  who  produced  enormous  quantities 
of  iron  and  steel  rapidly  and  perfectly  in  bis  canverter  {see  below).     In  the  Bessemer  process 

>  Tbe  theory  ol  tempering  1*  not  yet  complete  sad  various  tiypothesFs  bave  been  proposed  In  order  (o  eiplBln 
IbiB  pbcnomenoii.  It  la  probable  Ibat  the  action  of  theilquld  In  whioli  the  hotBt«cl  la  immeraed  U  due  to  a  more 
or  JesB  npid  aapply  of  oxygan  and  other  more  or  Jess  rrduciog  ga^es  which  peoctratc  the  steel  to  a  greater  or  Icsa 
extent,  tiaDsfonolnfi  the  ctmentiu  (Iron  carbide)  into  lerriU  and  BoparatlDg  catbun- 

lion  ol  steel  by  eemfnting  mDDgbt  Iron  In  a  bath  ol  molten  cast  Iron  obtained  directly  ttota  the  are.  by  beating, 
•ttirrlDg.aod  adding  ttmught  Iron  until  the  cast  iron  Itaelf  beeame  paaty  and  teflned,  and  the  whole  mass  waa  thus 

the  tme  BenKnluIion  proce».    lo  this  proce>iH  the  wrought  iron  was  converted  In 

of  carbon  which  was  required.  This  proceFS  was  already  used  In  Piedmont  in  the  ssvcnteenth  I'eotury  and 
warda  Id  England,  and  was  cBretuliy  itudleil  and  perfected  by  Kiallmur  In  France  In  the  eighteenth  centD 

each  operation.  In  ITIO  Huntsman  discovered  a  method  of  obtaining  cast,  rcOoetl.  homogeneous  etcet  in  a 
operation  by  hAting  •reided  or  cemented  steel  with  pore  coke  In  OrecUy  eruciblei  In  fumacea  In  an  air 
This  process  was  kept  secret  until  the  commencement  o(  the  nlnelwnlh  century  anil  eait  aai  was  only  an] 
by  England. 
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a  strong  blast  of  oompreMed  air  is  forced  through  the  molten  cast  iioa  contained  in  a  peat- 
Hhaped  iron  ret^iver  (etmvtrttr.  Fig.  275)  lined  iatemally  with  siiiceouH  fireclay-  A  rtry 
high  t«mperature  is  maintaiiied  not  only  by  the  decarbonisation  of  the  cast  iron,  that  U. 
by  the  oombvution  of  the  carbon,  but  more  especially  by  the  oombuBtion  of  the  Hilicon 
which  is  always  oontained  in  coat  iron  and  is  supplied  by  the  conTert«r  liniiig.  The 
silicon,  manganese,  and  a  part  of  the  phosphorus  are  eliminated  in  the  form  of  slag,  whilst 
the  decarbonised  iron  remains  as  a  liquid  and  therefore  forms  a  very  homogeneona  product. 
The  Bessemer  converter,  which  is  6  metres  high,  has  a  capacity  of  10  tons  of  east  iron. 
It  can  be  rerolved  on  two  pivots  by  means  of  the  eog- wheel,  H,  which  is  actuated  by  > 
hydraulic  piston,  /,  and  thus  when  the  operation  is  finished  the  converter  can  be 
inverted  in  order  to  discharge  the  iron  or  molten  steeL  At  the  base  of  the  apparatus  u 
internally  perforated  box,  M,  is  held  by  hydraubo  premnre  and  subdivides  a  powerful 
jet  of  compressed  air  which  passes  in  through  the  tube,  B,  at  the  right  and  then  enten 
through  the  tube,  D,  supplied  with  a  regulating  valve. 

The  converter  is  changed  with  molten  cast  iron  by  inclining  It  at  a  snitaUe  angle  and  is 
thcoi  turned  into  an  erect  position.  A  jet  of  air  is  then  immediately  passed  tfaioogh  the 
liquid  metal.    Through  combustion  of  the  Si,  Fe,  Un,  C,  and  P  the  temperature  is  greatly 


Flo.  275. 

raised,  and  (or  the  first  3  or  4  minutes  sparks  only  escape  at  the  month  and  are 
'  followed  by  a  small  and  finally  by  a  large  fiame  accompanied  by  sparks,  explosions,  and 
brown  smoke.  The  flame  (Fig.  276)  is  continuously  observed  in  order  to  note  its  character. 
After  7  or  8  minutes  the  flame  becomes  brighter,  the  exploaionf  diminish,  and  to  the 
spectra  of  nodium  and  potassium  which  characterise  the  first  period  the  spectrum  of 
carbon  monoxide  is  added  during  the  second  period,  which  last«  for  8  to  10  minuter. 
This  carbon  monoxide  is  formed  from  the  ferrous  oxide  and  carbon  in  the  iron,  Aftw  all 
heaving  motion  of  the  liquid  u-on  has  ceased  and  the  flame  has  become  brighter  but  smaller, 
all  the  green  spectral  lines  of  CO  disappear  and  a  continuous  spectrum  is  obtained,  whilst 
many  sparks  are  still  ejected.  This  is  a  sign  that  the  cturbon  has  been  entirely  oxidised. 
This  third  period,  which  is  the  period  of  refining,  lasts  from  S  to  10  minutes.  Decarbonim- 
tion  is  then  complete  and  the  operation  is  finished.  If  molten  wrought  iron  with  less  than 
O'S  per  cent,  of  carbon  is  required,  nothing  further  is  needed  but  to  pour  the  contents 
of  the  converter  Into  suitable  moulds.  If,  on  the  other  hand,  steel  is  required,  a  gi\-fn 
quantity  of  monganifcrous  cast  iron  (splegeleiiien)  and  other  iron  containing  a  definite 
percentage  of  carbon  {or  even  a  definite  quantity  of  coke)  is  then  added  to  the  molten  mafs 
which  is  stirred  for  a  few  minutes  by  means  of  the  ait  blast,  after  which  the  steel  is  ready  to 
be  poured  into  suitable  moulds. 

40  to  60  charges,  each  of  which  weighs  10  to  20  tons,  can  bo  treated  per  24  hours  in 
each  converter.  It  is  thus  clear  that  enormous  quantities  of  iron  and  steel  can  be 
produced  in  a  short  time  with  a  few  Bessemer  converters. 

From  the  earliest  days  of  the  application  of  the  Bessemer  process  it  had  been  found 
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that  nwoy  forms  of  coat  iron,  uid  eBpeoially  thoae  ooataining  much  phoBphorns,  were  not 
saitable  for  this  deoorbonieatioD,  and  formed  a  faulty  and  unserviceable  iron  because  the 
phoBphoruB  did  not  bom  and  did  not  pass  into  the  alag,  although  it  ia  an  element  which 
bums  easily,  but  remained  unaltered  in  the  iron.  This  curious  fact  was  studied  by  Snelus 
in  1872  and  explained  by  Thomas  and  Gilchrist  in  1878.  Thomas  and  Oilchriat  showed 
that  the  phosphorus  coold  not  be  transformed  or  separated  in  the  elag  as  calcium  phos- 
phate, because  the  internal  lining  of  the  conTert«rs  contained  much  silica,  and  therefore 
rendered  the  metallic  bath  markedly  acid,  so  that  the  aoid  phosphates  or  phosphoric  acid 
which  were  formed  were  easily  reduced  by  the  iron  ;  therefore  this  finally  contained 
all  the  phosphorus. 

Having  thus  explained  the  reason  for  this  phenomenon,  Thomas  and  Gilchrist  introduced 
the  replacement  of  the  acid  lining  of  the  converter  by  a  basic  lining  composed  of  powdered 
magnesia  and  dolomite  worked  to  a  paste  with  a  little  tar  and  oompreased,  and  added  if 
necessary  to  each  charge  10  to  15percent.of  quicklime  and  flus,  calculated  on  the  weight  of 
cast  iron  containing  2  to  3  per  cent,  of  phosphorus. 
In  this  way   all    the    phosphorus  separates  in  the 
form    of  calcium  phosphate  in  the  slag,  which  is 
so    rich    in  phosphates    that    after   I>eing    finely 
powdered  it  forms  an  excellent  chemical    manure 
which    is    able  to  advantageously  compete  with 
superphosphates.    In  1907  2,600,000  tons  of  basic 
slag  were  produced  (eee  pp.  509-619). 

Treatment  by  the  basic  process  ie  conducted  in 
the  same  manner  as  by  the  acid  process  and  de- 
phosphorisation  occurs  in  4  or  5  minutes  during 
the  last  period  when  the  flame  has  almost  or 
quite  disappeared.  By  suitably  inclining  the  con- 
verter the  slag  alone  ia  poured  into  iron  truclu 
and  a  calculated  quantity  of  iron  containing  a 
known  percentage  o{  carbon  is  then  added  to  the 
remaining  metal  in  order  to  obtain  Bteel  in  the 
usual  manner.  When  this  is  thoroughly  molten 
it  is  poured  into  moulds  {ingots]  in  which  it 
solidifies.  The  worid's  production  of  stee)  by  the 
Thomas-Gilchrist  process  was  only  3000  tons  in 
1879,  but  rose  to  1,000,000  tons  in  1886,  and  m 
1895  it  had  reached  4,000,000  tons,  of  which  about 

onc-Iialf  was  produced  in  Germany.     By  the  basic  Fio.  276. 

process  cast  irons  containing  2  to  3  per  cent,  of 

phosphorus  ore  treated,  whilst  by  the  acid  process  cost  iron  containing  2  to  3  per  oent.  of 
i^i02  may  be  employed. 

OPEN-HEARTH  STEEL  (MARTIN  STEEL).  In  1865  the  brothers  Muiin  prepared 
steel  by  melting  about  76  per  cent,  of  cast  iron  in  a  reverberatory  fiunace  with  the  necessary 
quantity  of  wrought  iron  to  obtain  exactly  the  required  amount  of  carlxin.  The  Martin 
or  open-hearth  process  was  considerably  improved  by  the  use  of  Siemens'  regenerative 
furnaces  (p.  500),  as  with  their  help  the  temperature  of  molten  iron  was  canily  obtained, 
whilst  without  them  the  production  of  this  temperature  was  very  difficult.  In  the  original 
Martin  process,  an  acid  (siliceous)  hearth  was  used,  but  a  basic  lining  was  afterwards 
employed,  with  addition  of  lime  if  necessary,  and  in  this  way  a  phospiiatic  slag  similar  to 
that  obtained  by  the  Thomas- Gilchrist  process  is  produced. 

Efuh  charge  consists  of  10  to  20  tons  and  in  certain  cases  even  50  tons,  and  the  process 
laata  from  8  to  10  hours.  Steel  and  more  especially  wrought  lion  of  superior  quality 
to  that  obtained  by  the  puddling  process  are  obtained. 

The  open-hearth  process  also  presents  the  advantage  that  old  iron  and  steel  scrap 
may  be  employed,  and  is  also  suited  to  the  direct  production  of  steel  from  the  ore  by 
starting,  for  instance,  from  60  per  cent,  of  cast  iron,  20  per  cent,  of  scrap  iron,  and  20 

In  Fig.  277  a  modem  tj^  of  open-hearth  furnace  with  the  corresponding  Siemens 
regenerator  is  shown  in  section.     The  path  of  the  hot  gases  and  the  recovery  of  the  heat 
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ftre  exactly  analogous  to  the  ftirangemetiU  in  glasa-meltiug  famaces,  described  on  p.  500. 
Open-hearth  fnraacee  have  recently  been  sncoessfnlly  heated  by  nieaas  of  blast-fnnuM 
gases  mixed  vith  tor.  A  tilting  furnace  (Talbot)  has  also  been  used  with  adTaot&ge 
for  separating  the  slag  and  diacharging  one-third  of  the  molten  product  which  is  then 
reutilised  with  freah  cast  iron  and  ore. 

Whilst  in  1886,  in  the  United  States,  91  per  cent  of  the  steel  was  produoed  by  the 
Bessemer  process  and  9  per  cent,  by  the  open-hearth  process,  in  1902  the  proportion! 
were  66  per  cent,  by  the  former  and  38  per  cent,  by  the  latter.  In  England  in  1866  the 
proportions  of  Bessemer  and  open-hearth  steel  were  69-6  per  cent,  to  30-5  per  cent., 
whilst  in  1895  they  were  47  per  cent,  to  53  per  cent.  In  Germany  in  1902  69-6  per  oeot. 
of  Bessemer  steel  and  30-5  per  cent,  of  open-hearth  steel  were  produoed- 

CAST  STEEL  or  CRUCIBLE  STEEL.  This  is  a  steel  of  very  high  quality  which 
is  QBod  for  heavy  guns,  turrets,  tyres  and  axles  of  wheels,  Ac,  and  is  obtained  by  melting 
open-hearth  or  Bessemer  steel  or  mixtures  of  other  steels  in  refractory  crucibles  in 
fumocee  similar  to  glass  furnaces.    The  molten  steel  is  then  poured  into  moulds  to  form 

CEMENTATION  STEEL.  This  is  obtuned  by  heating  bars  of  good,  malleable  iron 
uninterruptedly,  ^riiilBt  packed  in  nitrogenous  matter  or  wood  charcoal. 


Large  bundles  of  these  iron  bars,  weighing  10  to  12  tons,  are  covered  with  wood 
charcoal  and  packed  into  furnaces  heated  te  a  bright  red  heat  by  direct  flame  for  8  to  10 
days.  As  the  carbon  penetrates  slowly  into  the  outer  layers  of  the  bars  cementatioD 
steel  is  obtained,  but  its  composition  is  not  very  homogeneous.  He  cooling  lasts  from 
4  to  5  days. 

The  production  of  oementation  steel  by  means  of  oaloinm  cyanamide  has  dow  been 
proposed. 

ELECTRICAL  PROCESSES.  Electrically  produced  steel  has  the  advantages  of 
being  very  pure  and  of  high  tenacity  even  when  it  contains  one-tbird  more  cacbon  than 
ordinary  steel.  It  also  contains  no  blow-holes  and  has  a  very  high  contraction  lutd  limit 
of  fusion- 

The  various  electrical  furnaces  for  steel  production  may  be  grouped  under  the  following 
heads.  (1)  Those  in  which  the  mass  is  melted  by  heating  the  outside  of  the  containing 
vessel :  The  Oirod  farnace  is  of  this  type.  It  uses  a  current  of  60  volts,  produces  a  very 
pure  steel  and  coats  about  £800  for  a  capacity  of  10  tons  in  24  hours  ;  a  Girod  plant 
commenced  work  at  Ugine  in  1910  which  utilises  22,000  kp.  for  tjie  production  of  50  tons 
of  steel  per  day.  (2)  Furnaces  in  which  the  mass  is  melted  by  means  of  the  reeistance 
which  the  iron  itself  ofiers  to  the  passage  of  the  electric  current  and  the  corresponding 
development  of  heat  ;  the  Gin  furnace  is  of  this  type  and  was  applied  at  Plcttenberg,  bat 
the  working  results  are  not  known.  The  KdUr  furnace  is  also  of  tiiia  type  and  has  b«ai 
instaUod  at  Livot  where  cast  iron  and  steel  arc  produced  by  its  means  directlyfrom  the  ore. 
For  the  production  of  100  tens  of  steel  per  day  9750  h.p.  are  required  at  the  furnace 
electrodes.    (3)  Furnaces  in  which  smelting  is  effected  by  tfie  heat  produced  by  indootion 
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cuirents  throtigh  the  mass  to  be  melted!  these  were  prqposed  by  Ferranti  and  applied 
at  the  works  of  Schneider  at  Creusot  in  France,  but  the  Kjellin  furnace  (U.S.  Pat.  682,088) 
has  been  still  more  successful,  and  finally  yielded  the  best  technical  and  economical 
results,  having  been  worked  at  Gysing  in  Sweden  since  1901.  (4)  Melting  is  produced 
by  the  heat  of  the  electric  arc :  the  Stassano  process  belongs  to  this  group.  This  process 
was  tried  very  often  at  first  on  a  small  scale  and  finally  on  a  large  scale  at  Darfo  in  the 
province  of  Brescia,  but  without  practical  results,  and  later  at  Turin  with  greater  hope  of 
success  after  various  modifications  had  been  introduced  into  the  process.  Stassano  mixed 
rich  iron  ore  directly  with  coal  and  suitable  fluxes  in  specially  contrived  electric  furnaces, 
where  he  produced  an  electric  arc  1  metre  long,  not  through  the  mass  but  round  its 
surface,  by  means  of  an  alternating  current  of  2000  amps,  at  70  volts.  The  practical 
results  were  not  good.  To-day  he  works  directly  with  cast  iron  and  the  process  appears 
to  give  better  results,  but  cannot  compete  with  the  open»hearth  process. 

The  Hhxmlt  process ,  which  has  been  advantageously  adopted  since  1901  in  certain 
French  works,  has  been  more  successful ;  in  this  process  the  molten  cast  iron  as  it  proceeds 
from  the  blast  furnace  is  at  once  submitted  to  the  action  of  the  electric  current  between 
two  large  carbon  electrodes.  The  necessary  electrical  energy  may  be  produced  from  the 
gases  of  the  same  blast  furnace,  by  which  means  a  h.p.-hour  costs  less  than  0*2<i.  and 
the  steel  has  a  value  of  about  £4  per  ton.  In  1906  a  plant  was  also  erected  in  the 
United  States.  A  H^roult  furnace  for  the  production  of  10  tons  of  steel  per  twenty-four 
hours  costs  about  £1200.- 

A  mixture  of  cast  and  wrought  iron  in  suitable  proportions  is  treated  without  carbon 
electrodes  in  a  furnace  in  which  the  molten  steel  replaces  the  secondary  coil  of  an  ordinary 
transformer,  the  current  intensity  being  higher  and  the  voltage  lower.  The  results  which 
have  so  far  been  obtained  on  a  very  large  scale  are  satisfactory  and  the  steel  costs  less  than 
by  other  processes  if  a  constant  supply  of  energy  costs  less  than  £2  per  h.p.-year.  The 
firm  of  Krupp  actually  prepared  considerable  quantities  of  steel  by  this  process  in  1906. 
It  appears  that  the  cost  of  production  of  1  ton  of  steel  by  the  basic  open-hearth  process 
is  £3  16«.  to  £4 ;  by  the  acid  open-hearth  process  £4  4«.  to  £4  8«.,  and  by  the  Kjellin 
process  only  £3  12^.,  the  consumption  of  energy  being  830  to  1040  kw. -hours  per  ton  of 
st-eel,  whilst  by  the  H^roult  process  it  is  720  to  1100  kw. -hours,  or  3400  kw. -hours  for  the 
production  of  1  ton  of  cast  iron  from  the  ore. 

In  1909  77  electric  steel  furnaces  were  working  throughout  the  world,  of  which  19  were 
of  the  H6roult  type,  14  of  the  Kjellin  type,  10  of  the  Stassano  tjrpe,  &c. 

USES  AND  PROPERTIES  OF  VARIOUS  TYPES  OF  STEEL.  Steel  is  to-day 
used  for  the  preparation  of  the  most  varied  articles  ;  for  armour-plates  of  ships,  for  large 
and  small  parts  of  machinery,  for  guns,  rails,  needles,  watch  springs,  &c.  ;  altogether 
the  working  of  steel  presents  a  marvellous  example  of  the  increased  values  which  this 
metal  so  truly  indispensable  to  mankind  acquires.  Whilst  ordinary  iron  is  only  worth  £2 
to  £2  8«.  per  ton,  when  transformed,  for  example,  into  watch  springs  it  acquires  a  value 
of  about  £80,000  per  ton,  that  is  5  times  the  value  of  an  equal  weight  of  gold.  Iron  is  no 
longer  the  only  comparatively  useful  metal,  but  it  is  the  one  which  when  treated  by  man  is 
able  to  acquire  the  highest  degree  of  value.  The  nature  of  iron  and  steel  may  not  only  be 
modified  by  physical  and  mechanical  treatment,  by  puddling  and  melting  at  the  most 
varied  degrees  of  temperature,  but  also  by  its  chemical  composition  and  by  the  addition 
of  small  traces  of  other  substances  which  alter  the  properties  of  iron  very  greatly.  Tungsten, 
molybdenum,  chromium  (1  per  cent.),  manganese  (up  to  8  per  cent.),  &c.,  increase  the  hard- 
ness of  steel  considerably  and  render  it  suitable  for  special  purposes.  Manganese  acts  as  a 
species  of  antidote  against  the  bad  effects  of  phosphorus  and  sulphur ;  nickel — up  to 
6  per  cent. — ^renders  it  tougher  and  more  resistant  to  shock.  We  have  already  seen  how 
even  traces  of  impurities  such  as  phosphorus,  sulphur,  and  more  especially  of  combined 
nitrogen,  modify  the  nature  of  iron  and  steel  to  such  an  extent  as  to  render  it  unserviceable 
for  practical  use  if  they  exceed  0-2  per  cent,  of  sulphur,  or  0*1  per  cent,  of  phosphorus. 
Yanadium  (0-5  per  cent.)  and  chromium  (up  to  1  per  cent.)  increase  the  resistance  to 
fracture  and  to  tension  (from  34  to  61  kilos).  In  perlitic  steels  containing  up  to  1  per  cent 
of  nickd-'Vanadium,  the  breaking  strain  is  incre€ksed,  whilst  above  1  per  cent,  it  is  diminished 
the  same  may  be  said  of  mangano-vanadium  and  of  siUceaas  steels,  but  brittleness  in  a  direc- 
tion perpendicular  to  the  lamination  is  not  corrected.  Vanadium  for  steel- working  purposes 
costs  £2  Ss,  per  kilo.    Excessive  quantities  of  carbon  and  manganese  render  steel  very 
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brittle.      Tunptfen—fi  to  9  per  cent.— (and  mora  portiool&riy  if  fi  to  6  per  oent.  of  cJ 

in  oIbo  added)  maintains  the  hordneas  of  steel  even  at  a  high  t«inperatura  (rapid  loaf 

Molybdenum  (4  to  6  per  cent.)  also  yields  rapid  tool  steels,  but  these  ore  leaa  v^uable 
than  the  tongsten  st«els  as  they  are  more  brittle.  Titanium  steel  containing  not  loon 
tluHi  1-5  per  cent,  is  very  compact  and  has  a  fine  grain.  Silicon  renders  steel  bard  and 
fragile,  and  if  5  to  16  per  cent,  is  added,  it  con  only  be  worked  in  the  cold  but  not  on 
heating. 

The  steels  which  offer  the  greatest  resistance  to  shock  are  those  which  contain  0-2S  to 
0-30  per  cent,  of  carbon  and  a  high  percentage  of  nickel  (up  to  32  per  cent. )  or  of  manganese  ; 
they  possess,  howoyer,  very  little  elasticity.  They  are  very  hard,  and  if  they  contain  2  per 
cent,  of  chromium  become  still  harder  ;  they  are  worked  with  aD  emery  wheel,  forexami^, 
in  the  manufacture  of  yalres  for  petrol  motors  and  hnfiers  for  railway  waggons,  which  are 
subjected  to  continual  shocks.  Hard  steels 
with  a  very  fine  grain  and  Tfiry  susceptible 
to  high  temperatures  are  obtained  by  the 
addition  of  minimal  quantities  of  vanadiom 
(0-2  to  0-6  per  cent.)  or  even  better  if 
chromium  and  nickel  are  also  added.  They 
are  thus  rery  suitable  for  parte  of  machinery 
which  are  subjected  to  shocks  and  to  rapid 
velocity  changes,  such  as  the  cogs  of  auto- 
mobiles, shafts  of  pulleys,  Ac.  Silicon  steels 
are  very  elastic  and  ofter  great  resistance  to 
tension.  Steels  containing  0-3  per  cent,  of 
carbon  and  5  to  S  per  oent.  of  nickel  are  the 
most  suitable  for  tempering  and  if  they  alio 
I  contain  manganese  and  chromium  they 
become  slightly  tempered  even  in  the  air 
{gelf-lempered  atuU).  Steels  for  armonr- 
plate,  for  large  projectiles  and  for  (rans- 
mission  shafts  containing  6  per  cent,  of 
nickel  and  0-2  per  cent,  of  yanadinm,  are 
tempered  in  water,  or  if  they  contain,  for 
ezam^e,  4  per  cent,  of  nickel  and  1  per 
oent.  of  chromium,  also  in  oil.  Steels  which 
oontain  more  than  0-3S  per  cent,  of  carbon 
have  to  be  reheat«d  after  tempering  as  they 
'  otherwise  remain  too  brittle  and  they  thos 
acquire  great  elasticity  and  resiHtajioe  to 
fracture. 

The  varioua  tjrpes  of  steel  may  be  recog- 
nised without  chemical  analysis  by  the  form 
oj  Ae  apartt  which  they  produce  when  heated  to  redness  and  hammered  in  a  powerful 
current  of  air  or  when  exposed  to  the  action  of  an  emery-wheel  revolving  at  hi^  speed. 
In  this  latter  case  by  varying  the  pressure  or  nature  of  the  emery-wheel,  the  colour  and 
luminous  effect  of  the  sparks  are  modified,  but  their  characteristic  formation  does  not 
change.  In  Fig.  278  the  bundles  of  sparks  from  various  types  of  steei  are  shown,  a  reiae- 
Bents  the  sparks  from  forged  wrought  iron,  consisting  of  a  bundle  of  straight  lines  mon 
luminous  in  the  centre  th^  at  the  extremities  and  without  ramifications  or  stars,  b  and  f 
showthofe  from  soft  steel  and  toot  steelrespectively,  and  the  preaenoe  of  more  <w  less  carbm 
is  shown  by  the  formation  of  a  number  of  larger  or  smaller  luminous  stars  formed  of  short 
rectilinear  ramifications  which  are  further  ramified  in  turn  in  the  case  of  steels  containing 
much  carbon,  c.  Chrome  tungsten  steel  for  high  speed  tools  forms  very  short  sparks  with 
Stars  of  a  dark  colour,  because  both  tnngBl«a  and  molybdenum  only  become  red  hot  at 
very  high  temperatures.  Thinner  dark  red  rays  are  also  observed  and  thicker  rays  of  a 
brick-red  colour.  These  latter  are  completely  absent  in  steel  containing  tungsten  only. 
The  sparii  bundle  from  manganese  steel,  «,  is  characteristio.  The  rays  ibow  few  sparks, 
but  these  arc  very  highly  ramified,  so  t^t  they  almost  resemble  leaves  of  whiob  the 
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extremities  are  united  by  luminous  spheres.  High-speed  chrome  steels  show  long  sparks, 
large  in  the  middle,  and  of  a  dark  red  colour  with  a  few  stars.  Nickel  steel  shows  a 
similar  effeot  to  ordinary  steels,  5  and  c. 

FERROSILICON.  This  may  be  considered  as  a  true  alloy  of  iron  and  silicon  with 
traces  of  carbon,  and  is  used,  as  is  also  ferromanganese  containing  30  to  80  per  cent,  of  Mn, 
for  purifying  molten  iron.  Both  of  these  substances  are  now  almost  exclusively  prepared 
in  electric  furnaces,  starting  from  iron  ores  with  addition  of  coke  and  of  manganese  ores  in 
the  case  of  ferromanganese  and  spiegeleisen  (Ger.  Pat.  147,311)  or  of  quartz  in  the  case  of 
f  erroailicon.  This  latter  is  obtained  by  reducing  the  powdered  siliceous  slag  from  the  open- 
hearth  and  Bessemer  processes  in  the  electric  fiu'nace  (U.S.  Pat.  712,925),  or  it  may  also  be 
obtained  from  burnt  pyrites  in  presence  of  silica.  Ferro-silicon  is  poisonous  because  it 
evolves  PH3,  AsHj,  and  SiH^  from  its  impurities  in  presence  of  moisture  ;  it  has  also  been 
known  to  cause  explosions. 

Ferromanganese  costs  from  £16  to  £24  per  ton  according  to  the  percentage  of  manganese. 
Ferrosilicon  containing  10  per  cent,  of  Si  costs  up  to  £160  per  ton,  and  when  it  contains 
20  per  cent,  of  Si,  it  costs  more  than  £180  ;  in  1909  a  European  syndicate  was  constituted 
regulating  the  production  and  prices.     England  imports  4000  tons  per  annum. 

MICROGRAPHY  OF  IRON  AND  STEEL 

The  initial  work  of  Sorby  in  1867,  who  first  evolved  a  method  of  studying  a  polished 
section  of  a  metal  micrographically,  as  had  already  been  very  successfully  achieved  in  petro- 
graphy, was  quickly  followed  by  other  special  studies  by  Martens  and  Wedding  on  wrought 
and  cast  iron,  and  in  1883  and  1894  by  the  important  work  of  Osmond  and  Werth  on  steel. 
After  that  time  metallographic  studies  increased  in  number  and  were  notably  added  to  by 
Guiliemin  (alloys  of  copper,  bronze,  and  brass),  Charpy  (brass  and  an ti -friction  metal),  and 
more  particularly  by  H.  Le  Chatelier,  who  brought  physico-chemical  speculations  to  bear 
on  these  studies  and  showed  their  full  industrial  importance.  The  microscopic  examination 
of  the  carefully  prepared  and  highly  illuminated  surface  is  undertaken,  not  by  transmitted 
but  by  reflected  light,  assisted  by  microphotography,  a  suitable  camera  being  added  to  the 
microscope.  The  etching  of  the  polished  surface  is  carried  out  by  the  process  indicated  on 
p.  410,  but  more  especially  to-day  by  means  of  certain  solutions  which  colour  one  or  other 
of  the  components  of  the  wrought  or  cast  iron  or  steel  in  a  characteristic  manner. 

The  theoretical  researches  of  Booscboom  on  solid  solutions  have  found  brilliant  practical 
application  in  the  study  of  alloys  and  of  more  or  less  highly  carbonised  iron.  On  p.  412 
ei  aeq,  we  have  already  studied  the  phenomena  which  occur  when  a  metallic  alloy  is  slowly 
cooled,  and  have  also  explained  graphically  the  meaning  of  the  absolute  and  relative 
eutectio  points  by  determining  the  chemical  and  microscopic  composition  of  the  substances 
which  separate  at  these  points.  The  micrographic  examination  of  wrought  and  cast  iron 
and  steel  has  led  to  the  study  and  identification  of  substances  which  are  characteristic 
of  the  various  types  of  steel,  &c. 

In  the  alloys  of  iron  and  carbon  (wrought  and  cast  iron  and  steel )  one  or  more*  of  the 
following  substances  have  been  found  micrographically  according  to  their  quality,  Ferrite, 
Graphite,  Cementite,  Perlite,  Martensite,  Austenite,  &c.,  the  properties  of  which  we 
will  discuss  later. 

If  chemically  pure  (electrolytic)  iron  is  melted  and  then  allowed  to  cool  slowly  the 
cooling  curve  will  show  a  break  at  about  1600°  and  then  descend  again  regularly  until  there 
is  another  break  at  890°,  and  finally  a  further  break  at  a  temperature  of  770°.  Thepo  two 
last  points  are  indicated  in  the  diagram  (Fig.  279)  by  the  letters  G  and  M.  At  Q  the  iron 
suddenly  changes  its  thermo-electric  properties,  and  above  Jf  the  iron  is  non-magnetic, 
whilst  it  is  magnetic  below  that  temperature. 

By  means  of  the  same  criteria  which  were  used  in  producing  the  diagram  of  the  metallic 
alloy  on  p.  412,  one  may  also  follow  that  of  Fig.  279,  which  refers  to  the  various  alloys  of 
iron  and  carbon  ;  on  the  axis  of  the  absciasae  percentages  of  carbon  are  indicated,  and  on 
the  axis  of  the  ordinates  the  temperatures  corresponding  to  various  eutectic  points.  The 
name  of  the  substance  which  separates  in  the  various  zones  during  gradual  cooling  is  written 
in  the  diagram  with  variation  of  the  types  of  steel  or  cast  iron  and  various  contents  of  carbon. 
In  the  case  of  a  steel  containing  0*35  per  cent,  of  carbon  the  points  O  and  M  coincide  at  O, 
and  with  increase  of  the  carbon  this  dovble  poitU  or  critical  point  is  lowered  along  the  line 
I  41 
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08  down  to  0*86  per  cent,  of  carbon.  Steel  containing  less  carbon  solidified  at  higher 
temperatures  mainly  separates  marteTiaite.  Again,  as  the  carbon  rises  from  0*86  to 
2  per  cent,  the  critical  point  is  found  along  the  line  8E  and  there  is  also  separation  of  oemen- 
tite.  The  gradual  transformations  which  may  be  caused  follow  in  the  order :  austenite  — - 
martensite —*  troostite —*  sorbite —*"  perlite,  although  Kurbatow  (1909)  has  shown  that 
austenite  passes  on  the  contrary  through  troostite  into  sorbite,  &c. 

In  the  S3r8tem  iron-carbon  there  is  separation  of  graphite  independently  of  the  presence 
of  other  substances,  such  as  silicon,  &c.  It  is  only  formed  if  at  least  2  per  cent,  of  carbon 
is  present  in  the  system  and  to  a  still  greater  extent  if  it  approaches  4*3  per  cent.  The 
most  favourable  condition  for  the  separation  of  graphite  is  the  prolongation  of  the 
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interval  of  solidification  at  1 130°.    Silicon  facilitates  the  formation  of  graphite  by  prolonging 
the  duration  of  this  eutectic  point ;  manganese,  on  the  other  hand,  abbreviates  it. 
But  the  rest  of  the  diagram  is  only  explained  by  the  considerations  which  follow. 

(1)  FERRITE.  Under  this  denomination  pure  iron  free  from  carbon  (a  iron)  is  under- 
stood. This  product  does  not  exist  commercially,  but  is  found,  for  example,  in  hypo- 
eutectic  steels,  that  is,  steels  which  contain  less  than  0-85  per  cent,  of  carbon  (irons  containing 
nickel,  silicon,  and  vanadium  in  solution  are  also  incorrectly  called  ferriUs).  Ferrite 
appears  under  the  microscope  in  the  form  of  polygonal  faces  produced  from  cubical 
crystals,  by  treating  with  tincture  of  iodine  or  better  still  with  picric  acid  in  6  per  cent, 
alcoholic  solution  or  sodium  picrate  (solution  in  boiling  water  of  26  per  cent,  of  sodium 
hydroxide  and  2  per  cent,  of  picric  acid)  (Plate  II,  Fig.  a).  On  treating  an  exceptionally 
soft  steel  with  a  solution  of  4  per  cent,  of  nitric  acid  in  amyl  alcohol,  if  polygons  of  ferrite 
with  well-defined  contours  appear  they  are  a  sign  that  the  steel  is  brittle. 

(2)  GRAPHITE.  This  is  evident  without  further  treatment  in  the  form  of  largt\ 
irregular,  black  veins.     It  is  found  in  grey  cast  iron  (Plate  II,  Fig.  6),  in  which  the  cementite 
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forms  white  spots  and  bands,  the  perlite  small  black  bands  and  the  graphite  large  black 
veins.     It  is  also  seen  in  certain  silicon  and  vanadium  steels. 

(3)  CEMENTITE :  FejC  (or  Iron  Carbide)  (and  perhaps  other  carbides  in  addition). 
This  is  formed  abundantly  during  the  cementation  of  steel  and  is  the  hardest  component 
of  annealed  steel.  In  general  it  is  only  foimd  free  in  hypereutectic  steels  containing 
more  than  0*86  per  cent,  of  C. 

On  treatment  with  picric  acid,  cementite  is  not  coloured  (Table  II,  Fig.  c,  where  there 
are  white  bands  of  cementite  and  black  plates  of  perlite).  If,  on  the  contrary,  it  is  treated 
with  an  alkaline  solution  of  sodium  picrate,  cementite  acquires  an  appearance  of  brownish- 
black  striations  (Plate  II,  Fig.  d). 

(4)  PERLITE.  This  is  the  eutectic  product  (pp.  229,  412  and  413)  resulting  from  an 
alloy  of  ferrite  and  cementite,  and  is  thus  formed  as  superposed  alternate  laminae  of  the 
one  and  the  other.  Picric  acid  or  iodine  tincture  colour  perlite,  which  is,  however,  only 
very  slightly  coloured  by  sodium  picrate.  In  Fig.  c  we  have  already  seen  perlite,  and  in 
Plate  II,  Fig.  e,  we  see  a  hypoeutectic  steel  containing  black  layers  of  perlite  and  the 
remainder  of  bright  ferrite.  In  Plate  II,  Fig.  /,  we  see  a  euieciic  steel  with  homogeneous 
layers  and  completely  composed  of  perlite. 

(5)  MARTENSITE.  This  is  a  solid  solution  of  carbon  in  iron,  and  its  properties  vary 
with  variation  of  the  carbon  contents.  It  forms  the  characteristic  constituent  of  steel 
which  has  been  tempered  at  temperatures  a  little  above  the  transformation  point.  It  is 
formed  of  minute  needles  which  become  larger  as  the  steel  becomes  more  eutectic,  and  is 
tampered  at  higher  temperatures.  These  needles  only  become  visible  after  the  action  of 
picric  acid  for  5  minutes  (in  5  seconds  there  is  no  colour  at  all ;  dilute  hydrochloric 
acid  colours  martensite  a  bright  brown,  whilst  it  does  not  colour  av^tenite).  In  Plate  111, 
Fig.  g,  the  black  needles  of  martensite  are  evident.  In  Plate  III,  Fig.  h,  we  see  martensite 
as  much  enlarged  colourless  needles  in  a  hardened  tool  steel  very  rich  in  carbon.  In  such 
cases  picric  acid  does  not  colour  the  martensite,  whilst  the  dark,  almost  formless  mass 
consists  of  atistenite,  which  is  not  coloured  by  picric  acid  in  the  case  of  a  steel  with  less 
carbon,  whilst  the  martensite  is  coloured. 

(6)  AUSTENITE.  This  is  foimd  as  a  characteristic  constituent  of  very  highly  car- 
bonised steels,  containing  more  than  1*1  per  cent,  of  C,  which  have  been  reheated  for  tem- 
pering to  high  temperatures  (1000°)  and  immersed  in  a  very  cold  tempering  bath  (under  0°). 
Austenite  forms  at  the  most  70  per  cent,  of  the  whole  mass  in  a  steel  containing  1*65  per 
cent,  of  carbon.  These  steels  ordinarily  consist  of  a  mixture  of  austenite  and  martensite, 
or  rather  of  a  mixture  of  austenite,  troostite,  and  sorbite.  The  austenite  forms  the  almost 
shapeless  mass  which  is  comparatively  soft,  is  scratched  by  a  needle,  and  except  in  special 
cases  {see  above  6,  Plate  III,  Fig.  h)  is  not  coloured  by  picric  acid.  In  order  to  obtain  a 
good  hardened  steel  containing  much  austenite,  steel  containing  1-8  to  2-2  per  cent,  of 
carbon  is  heated  almost  to  its  melting-point  and  then  immersed  in  mercury  at  130°. 
According  to  Kurbatow  (1909)  austenite  is  probably  an  iron  carbide  of  composition 
intermediate  between  Fe^C  and  FeioC. 

(7)  TROOSTITE  is  the  most  important  constituent  of  a  steel  tempered  in  water  during 
the  critical  interval,  or  of  a  steel  tempered  at  a  higher  temperature,  if  an  oil-bath  is  used  for 
tempering,  this  being  less  active  than  water.  It  is  coloured  by  picric  acid  even  in  5 
seconds,  forming  a  black  shapeless  mass,  thus  differing  from  martensite  {see  (ibove).  Under 
the  same  conditions  or  after  a  few  seconds'  longer  exposure,  troostite  forms  grey  needles, 
whilst  austenite  remains  white  (Plate  III,  Fig.  i).  It  also  acquires  a  dark  colour  under 
the  action  of  nitric  acid  dissolved  in  amyl  alcohol  after  7  to  16  minutes. 

(8)  SORBITE.  This  is  a  product  intermediate  between  troostite  and  perlite.  It  may 
be  formed  from  martensite  or  on  tempering  steely  cast  iron.  It  is  easily  coloured  by  picric 
acid,  and  in  Plate  III,  Fig.  I  (500  diameters),  it  is  shown  together  with  colourless  cementite 
in  a  white  caM  iron.  According  to  Kurbatow  (1909)  sorbite  and  troostite  are  solutions  of 
carbon  in  a-  and  /3-iron. 

(9)  TROOSTO-SORBITE  is  very  similar  to  troostite. 

In  1906  Le  Chatelier  classified  the  components  of  ordinary  steels  by  considering  them 
strictly  as  solid  solutions,  following  the  phase-rule  : 

(1)  The  homogeneous  constituents  which  are  the  true  phases.  These  are  ferrite, 
graphite,  and  cementite.  In  special  steels  the  ferrite  may  hold  nickel,  vanadium,  &c.,  in 
solution,  whilst  the  cementite  may  contain  other  carbides,  such  as  Mn^C,  O^Cs.  &c. 
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(2)  Constituents  consisting  of  eutectic  aggregates  :  Ferrite-cementite,  which  is 
simply  perlite. 

(3)  Structural  constituents,  such  as  martensite,  austenite,  troostite,  troosto- 
sorbite,  and  sorbite.  These  products  are  more  especially  stable  at  high  temperatures, 
and  are  formed  from  the  so-called  y-iron  at  above  900°.  By  rapid  cooling  they  are  in 
great  part  dissociated.     In  general,  perlite  changes  into  troostite  by  way  of  sorbite. 

From  these  metallographic  studies,  extremely  important  practical  conclusions  may  be 
derived.  When  perlite  and  f errite  are  foimd,  one  can  affirm  with  certainty  that  the  steel 
contains  less  than  0-85  per  cent,  of  carbon  and  with  experience  ohe  may  estimate  the 
carbon  contents  within  O'l  per  cent.  Thus  also,  from  the  thickness  of  the  f errite,  one  may 
determine  whether  a  steel  is  very  soft,  and  if  the  ferrite  polyhedra  have  clear  contours, 
one  may  be  certain  that  the  steel  is  brittle.  Thus  also^  a  steel  in  which  perlite  is  pre^sent 
in  parallel  plates  and  bands  is  certainly  fragile.  A  steel  which  has  been  heated  to  900° 
and  then  slowly  cooled  is  called  a  normal  steel. 

If  the  micrographic  examination  reveals  the  presence  of  perlite  and  cementite,  this  is  a 
sign  that  the  steel  contains  more  than  0*85  per  cent,  of  carbon,  and  with  increase  of  this 
amount  the  amount  of  cementite  also  increases.  If  the  presence  of  martensite  is  observed 
and  neither  nickel,  manganese,  nor  chromium  is  present  one  may  be  certain  that  the  steel 
has  been  tempered,  and  from  the  greater  or  lesser  ease  with  which  it  is  coloured  one  may 
deduce  the  carbon  contents  ;  so  from  the  greater  or  lesser  size  of  the  needles  of  martensite 
one  may  form  an  opinion  as  to  whether  the  tempering  has  been  carried  out  at  the  right 
temperature  or  at  too  high  a  temperature,  or  if  ferrite  is  present  together  with  the  mart/ensite, 
this  is  an  indication  that  the  steel  is  hypoeutectic,  that  is,  that  it  has  been  tempered  at  too 
low  a  temperature.  If,  on  the  other  hand,  cementite  is  present  together  with  martensite  the 
steel  is  hypereuteciic,  and  a  shaft  of  cementation  steel  tempered  in  this  manner,  and  more 
particularly  when  it  shows  free  cementite  in  the  form  of  needles,  should  be  rejected  on 
account  of  the  brittleness  of  its  surface  layers.  A  special  steel  showing  graphite  is  alw&ys 
brittle. 

By  means  of  the  same  criteria  with  regard  to  which  we  have  studied  carbon  steels 
micrographically,  we  may  also  study  special  steels  containing  nickel,  chromium,  manganese, 
silicon,  tungsten,  aluminium,  cobalt,  titanium,  &c.,  and  we  will  always  find  criteria  of 
great  practical  importance  with  respect  to  the  limits  of  elasticity,  the  breaking  load, 
brittleness,  hardness,  resistance  to  shock,  &c. 

The  applications  of  micrography  to  the  common  metallic  alloys  are  not  less  important. 
To  what  has  already  been  stated  on  p.  413  e^  seq.  on  anti-friction  metal  (Sb,  Sn,  Pb)  we  may 
add  that  in  alloys  of  lead,  tin,  and  antimony  bright,  hard,  cubic  crystals  of  SbSn,  when 
they  are  very  large  as  in  Plate  III,  Fig.  m,  and  surrounded  by  a  more  plastic  eutectic 
mixture  are  suitable  for  bearings  for  heavy  loads,  and  that  these  may  be  the  greater  the 
larger  the  surface  occupied  by  these  crystals ;  on  the  other  hand^  in  Plate  HI,  Fig.  », 
we  see  an  anti-friction  metal  in  which  the  crystals,  SbSn,  have  almost  disappeared  and  are 
extremely  small,  and  this  alloy  is  suitable  for  bearings  for  high  speeds  but  light  load.  The 
micrographs  were  etched  with  hydrochloric  acid. 

STATISTICS.  The  past  century  has  been  called  the  iron  age  on  account  of  the  large 
consumption  of  this  metal  for  all  pm-poses,  especially  for  mechanical  structures.  Certain 
figures  will  best  indicate  the  importance  of  this  metal,  and  we  will  show  it  by  the  increase 
of  production  of  iron  and  steel,  which  may  be  considered  as  an  index  of  the  industrial 
progress  of  the  individual  nations.^ 

^  In  the  past  England  almost  held  a  monopoly  in  the  iron  and  steel  industry,  but  for  several  years  the  lead  w 
taken  by  Germany  ;  to-day,  however,  the  United  States  is  at  the  head  of  all  other  countries.  The  iron  industry 
is  centred  in  enormous  works  of  which  we  may  mention  those  at  Creusot  in  France  with  16,000  workmen,  of  Ck)ckenll 
at  Seraing  in  Belgium  with  12,000  workmen,  which  showed  a  net  profit  of  £214,000  in  1005,  the  Kmpp  works  in 
Germany  which  at  Essen  alone  employ  46,000  workmen  with  a  share  capital  of  £9,000,000,  and  which  sho^'ed  a  net 
profit  in  1906-1907  of  £1,200,000,  and  the  works  of  the  Carnegie  Steel  CJompany,  the  first  steel  trust,  which  had  a 
capital  of  £66,000,000,  and  produced  3,250.000  tons  of  steel  in  1900  showing  a  profit  of  £4,800,000. 

The  United  States  is  at  the  head,  not  only  with  regard  to  production,  but  also  with  regard  to  the  technical 
perfection  of  Its  processes.  In  spite  of  the  great  discoveries  in  this  field  of  human  activity  which  were  made  by 
the  Englishmen  CSart,  Bessemer,  Siemens,  Mushet.  Thomas,  Gilchrist,  Lowthian-Bell,  Ac. 

A  workman  in  a  steel  works  formerly  earned  7^d.  per  ton  of  the  product,  whilst  to-day  he  earns  \d.  per  toe, 
and  in  this  way  his  total  earnings  are  20  per  cent.  larger  than  formerly  with  a  smaller  amount  of  labour  on  aocoant 
of  the  large  daily  production  by  modem  machinery.  The  mean  production  of  an  English  blast  furnace  is  2S0 
tons  per  24  hours,  whilst  in  the  United  States  it  is  600  tons,  but  the  ore  worked  in  England  contains  45  to  48 
per  cent,  of  iron  on  the  average,  whilst  that  worked  in  the  United  States  contains  60  to  65  pw  cent.  If  it>  ^^® 
not  for  the  enormous  intomal  consumption  of  iron  in  America,  which  sometimes  obliges  its  importation  from 
Europe,  American  competition  would  be  fatal  to  the  European  iron  industry. 
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In  Italy  the  manufacture  of  steel  has  acquired  importance,  the  principal  centres  of 
production  being  in  Liguria,  at  Terni,  in  Bresciano,  at  Arezzo,  at  Como,  in  Piedmont,  at 
Milan,  &c.  ;  in  1908  302,500  tons  of  worked  iron  were  produced  of  the  value  of  £2,440,000. 

Germany  and  Luxemburg  produced  24,444,073  tons  of  iron  ore  in  1905. 

In  France  in  1907,  and  especially  in  the  departments  of  Meurtfae  and  Moselle  and  of 
Meuz,  10,000,000  tons  of  iron  ore  were  mined  (compared  with  8,500,000  tons  in  1906) 
of  the  value  of  £1,880,000,  and  2,147,000  tons  were  exported  to  Belgium  and  Germany; 
of  the  total  production  418,000  tons  consisted  of  hasmatite. 

Italy  imported  the  following  quantities : 


1906 

1907 

1908 

1909 

Tons 

Tons 

Tons 

Tons 

£ 

Wrought  iron  and  steel  in 

plates,  bars,  and  wire 

144,585 

188,377 

166,659 

161,859  at  1,152,776    | 

Crude  pig  iron   and  steel 

ingots 

22,782 

32,119 

43,163 

62,647  „ 

294,260 

Refined     cast     iron     and 

ingots  .... 

169,966 

231,042 

264,239 

246,730  „ 

937.572 

Crude  ferrosilicon  contain- 

ing 16  to  75  per  cent.  Si. 

152 

196 

224 

136  „ 

3,164 

Iron  and  steel  rails    . 

21,066 

31,267 

31,262 

12,894  „ 

82,526 

Iron  and  steel  tubes  . 

11,683 

13,445 

14,832 

13,351  „ 

212,896 

Unfinished     wrought     and 

cast     iron      and      steel 

articles 

3,682 

6,117 

6,839 

6,212  „ 

96,176 

Tinplate        and       tinned. 

copper-plated,     or     oxi- 

dised iron  and  steel 

12,480 

13,544 

12,947 

13,523  „ 

319,164 

Soft  steel 

690 

1,560 

1,494 

1,390  „ 

30,976 

Wrought    and    cast  .  iron 

and  steel  scrap 

344,977 

362,667 

326,119 

416,353  „ 

1,498,872 

Total 

731,953 

880,234 

857,778 

913,996  „ 

4,627,388 

The  production  of  the  Italian  iron  and  steel  works  was  570,000  tons  in  1906  and  695,000 
tons  in  1907  of  the  value  of  £5,520,000.  The  consumption  of  steel,  sheet  iron,  and  other 
unworked  products  was  850,736  tons  in  1906  and  901,272  tons  in  1907.  86  iron  and 
steel  works  were  in  operation  in  1906  and  85  in  1907  ;  20,700  workmen  were  employed 
in  these  works  in  1906  and  24,200  in  1907  ;  in  1906  they  used  58,827  h.p.  and  60,275  h.p. 
in  1907. 

In  1909  France  produced  3,632,105  tons  of  cast  iron  and  3,069,109  tons  of  steel. 

The  world's  production  of  cast  iron  reached  50,000,000  tons  in  1905,  of  which  23,000,000 
tons  were  produced  in  the  United  States,  11,000,000  in  Germany,  and  9,000,000  in  England. 
The  production  of  steel  increased  in  the  same  proportion  and  exceeded  36,000,000  tons. 
Germany  mined  22,000,000  tons  of  iron  ore  in  1904.  In  1908  Sweden  exported  313,000 
tons  of  various  qualities  of  steel. 

The  price  of  crude  cast  iron  has  only  varied  slightly,  except  during  exceptional  periods 
of  short  duration.  In  1850  the  price  in  England  was  about  £2  6^.,  in  1880  £2  Ss.,  and  in 
1902  £2  58.  per  ton.  The  price  rose  exceptionally  to  £4  in  1854,  £6  in  1873,  and  £3  128.  in 
1900.     Nickel  steel  for  armour-plates  coats  £120  per  ton. 

In  view  of  the  extraordinary  consumption  of  iron  it  does  not  seem  out  of  place  to 
consider  whether  there  is  any  danger  of  exhaustion  of  iron  ore,  but  our  descendants  of  the 
twentieth  century  may  still  sleep  quietly  as  a  shortage  of  iron  is  an  eventuality  which 
might  perhaps  interest  the  generations  of  the  twenty-first  centiu-y. 

Thus  the  capacity  of  the  principal  deposits  existing  in  various  countries  has  been 


FERROUS    COMPOUNDS  647 

calculated  as  follows,  in  millions  of  tons :  United  States,  10,000  (of  which  the  United 
States  Steel  Corporation  alone  consumes  50,000,000  tons  per  annum) ;  Germany  3900, 
France  1500,  Russia  1500,  Spain  500,  Sweden  1000,  England  250,  Austria-Hungary  and 
other  countries  1200.  In  Norway  there  are  still  160,000,000  tons  of  ordinary  ore  and 
200,000,000  tons  of  titaniferous  magnetic  iron  ore,  containing  65  per  cent,  of  Fe  and 
10  to  15  per  cent,  of  titanium,  which  cannot  be  successfully  treated  in  blast  furnaces  up  to 
the  present  on  accoimt  of  its  great  infusibility.  Pictet  has  prophesied  the  use  of  oxygen 
in  blast  furnaces  for  the  treatment  of  such  ores. 


FERROUS  COMPOUNDS 

Iron  forms  two  important  classes  of  compounds.  In  the  ferrovs  compounds, 
the  cation  Fe"  is  divalent,  whilst  in  the  Jerric  compounds  the  cation  Fe'"  is 
trivalent.  Compounds  of  the  former  class  have  generally  a  greenish  colour, 
whilst  those  of  the  latter  class  are  brownish  yellow. 

Ferrous  compounds  are  obtained  on  treating  iron  with  acids  with  exclusion 
of  the  air  ;  they  are  also  obtained  by  reducing  ferric  compounds. 

FERROUS  OXIDE :  FeO.  This  is  obtained  by  the  action  of  carbon  monoxide  on 
ferric  oxide,  FcgOs  +  CO  =  CO2  +  2FeO ;  it  forms  a  blackish  powder  which  is  easily 
oxidised  on  heating  in  the  air. 

FERROUS  HYDROXIDE  :  Fe(0H)2.  This  is  obtained  as  a  greenish  gelatinous  mass 
by  treating  the  solution  of  a  ferrous  salt  with  an  alkali.  It  rapidly  acquires  a  brown  colour 
in  the  air  as  it  is  oxidised  with  formation  of  ferric  hydroxide.  It  possesses  weakly  basic 
properties. 

FERROUS  CHLORIDE  :  FeClj,  This  compound  is  formed  by  the  action  of  hydro- 
chloric acid  on  an  excess  of  iron  and  crystallises  from  the  intensely  green  solution  in  green 
monoclinic  prisms  containing  ^H^O*  When  prepared  in  the  anhydrous  state  by  the  action 
of  HCl  vapour  on  hot  iron  it  is  white  and  the  density  of  its  vapours  at  1400°  corresponds 
to  the  formula  FeCl2.    It  readily  forms  well -crystallised  double  salts  such  as 

FeCl8.2KCl.2H2O. 

FERROUS  SULPHATE :  FeS04.  This  compound  crystallises  in  large 
green,  monoclinic  prisms  with  7H2O  and  is  then  called  green  vitriol  or  iron 
vitriol.  It  is  obtained  by  dissolving  iron  in  dilute  H2SO4,  or  preferably  by 
partially  roasting  iron  pyrites,  FeSj,  and  so  transforming  it  into  FeS  and  then 
exposing  the  product  to  the  action  of  moist  air,  which  transforms  it  into  FeS04 
and  H^IS04.  The  resulting  ferrous  sulphate  is  extracted  with  water  and  the 
solution  poured  into  wooden  vats  containing  iron  turnings  in  order  to  saturate 
the  small  amount  of  free  H2SO4  and  to  reduce  the  small  amount  of  ferric  sulphate 
which  is  mixed  with  the  mass  to  ferrous  sulphate.  The  solution  is  then  evapo- 
rated in  presence  of  iron,  decanted  from  the  yellow  sediment  which  is  thus 
formed,  consisting  of  basic  ferric  sulphate  and  gypsum,  and  the  green  vitriol 
is  then  allowed  to  crystallise.  The  lirm  of  Schnorf  Sohne  at  Uetikon  work  up 
burnt  pyrites  to  a  paste  with  hot  sulphuric  acid  of  60^  Be.  £is  obtained  in  the 
Glover  tower,  and  after  stirring,  and  when  the  reaction  is  finished,  the  product 
is  dissolved  in  water  and  reduced  to  ferrous  sulphate  by  the  action  of  iron 
turnings.  The  solution  is  concentrated  to  35°  to  36°  Be  (measured  at  90°) 
and  is  allowed  to  cool  in  the  presence  of  hoop-iron  which  is  suspended  in  the 
liquid.  Ferrous  sulphate  is  thus  obtained  in  a  more  economical  manner, 
and  the  disadvantage  of  the  evolution  of  hydrogen  which  occurs  on  dis- 
solving Fe  in  H2SO4  is  avoided.  Ferrous  sulphate  is  isodimorphous  with 
the  sulphates  of  the  magnetic  series  and  also  forms  well-crystallised  stable 
double  salts,  such  as  Mohr's  salt,  FeS04.(NH4)2S04.6H20,  which  forms 
green  crystals  very  stable  in  the  air  which  are  used  in  volumetric  analysis. 

At  100°  ferrous  sulphate  loses  OHjO,  whilst  the  last  molecule  of  water  is 
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evolved  at  300°.     When  exposed  to  moist  air  it  becomes  brown  and  jps  trans- 
formed into  basic  ferric  sulphate  : 

3FeS04  +  0  +  H^O  =  Fejj(S04)s.Fe(0HV 

100  parts  of  water  at  10°  dissolve  60  parts  of  crystaUised  ferrous  sulphate, 
whilst  at  100°  they  dissolve  about  330  parts. 

It  is  used  technically  in  large  quantities  for  mordanting  wool  which  is  to 
be  dyed  with  logwood  black.  It  is  also  used  as  an  economic  disinfectant  and 
absorbs  both  HjS  and  NH3 ;  also  in  the  manufacture  of  black  ink,  Prussian 
blue,  &c.  It  costs  £2  to  £2  16«.  per  ton,  and  when  chemically  pure  £10  per 
ton.  The  Italian  production  was  1300  tons  in  1893,  rose  to  1497  tons  in  1905 
and  was  1671  tons  in  1906  of  the  value  of  £2218 ;  in  1908  it  was  2100  tons  of 
the  value  of  £3240.  The  exports  were  8  tons  in  1907,  108  tons  in  1908,  and 
97  tons  in  1909  of  the  value  of  £155  Us, 

FERROUS  CARBONATE  :  FeCOj.  This  compound  is  found  naturally  as  Siderite, 
and  also  dissolved  in  mineral  waters  through  the  action  of  CO2,  in  the  form  of  Ferrous 
Dicarbonate,  Fe(C08H)2,  but  separates  from  such  water  in  the  form  of  insoluble 
ferric  hydroxide  on  contact  with  air.  The  basic  carbonate  is  also  formed  on  adding  an 
alkali  carbonate  to  a  solution  of  a  ferrous  salt,  but  is  very  unstable  as  the  Fe"  ions,  being 
weakly  basic,  do  not  yield  stable  salts  with  weak  acids.  It  quickly  becomes  brown  in  the 
air,  being  transformed  into  Fe(0H)3. 

FERROUS  PHOSPHATE  :  Fe3(P04)2  +  SH^O.  This  occurs  in  nature  as  Vivianit^ 
in  bluish  crystals.  It  is  obtained  by  the  action  of  sodium  phosphate  on  solutions  of  ferrous 
salts,  as  a  white  amorphous,  easily  oxidisable  powder. 

FERROUS  SULPHIDE  :  FeS.  On  melting  iron  and  sulphxu*  together  or  even  on 
moistening  a  mixture  of  iron  filings  and  flowers  of  sulphur  in  the  air,  a  blackish  mass  of 
metallic  lustre  is  obtained  which  consists  mainly  of  FeS  and  is  used  in  the  laboratory 
for  the  preparation  of  hydrogen  sulphide  by  treating  it  with  HCl  or  H2SO4.  It  is  obtained 
pure  as  a  black  precipitate  by  treating  a  solution  of  a  ferrous  salt  with  an  alkali  sulphide, 
but  FeS  is  readily  oxidised  in  the  air  and  transformed  into  ferric  sulphate.  Instead  of 
starting  from  a  ferrous  salt  a  ferric  salt  may  also  be  used,  as  it  is  reduced  by  the  alkali 
sulphide  and  then  precipitated : 

2FeCl8  +  (NH4)2S  =  2FeCl2  +  2NH4CI  +  S 
FeCl2  +  (NH^JzS  =  2NH4CI  +  FeS. 
Italy  produced  30  tons  of  ferrous  sulphide  in  1905  of  the  value  of  £480. 

FERRIC  COMPOUNDS 

These  have  a  brownish-yellow  colour  and  are  formed  by  the  oxidation  of 
ferrous  salts.  They  may  be  easily  reduced  again  to  ferrous  salts.  They  contain 
a  trivalent  ion,  Fe*",  which  has  weakly  basic  properties  and  cannot  therefore 
form  salts  with  weak  acids,  whilst  the  salts  with  strong  acids  are  readily  hydro- 
lised  in  aqueous  solution  {see  pp.  106,  222). 

FERRIC  OXIDE:  FgOj  (or  Iron  Sesquioxide).  This  is  found  in  nature  in 
compact  reddish  masses  in  the  form  of  haematite  or  as  oligisty  which  is  a  crystalline 
anhydride,  or  as  ochre  which  is  more  or  less  highly  coloured  from  yellow  to  red.  It  is 
obtained  artificially  as  a  bright  red  powder  by  heating  ferric  hydroxide  or  ferrous  sulphate 
to  redness  in  the  air.     It  is  then  called  iron  red,  caput  mortuum,  or  colcothar. 

It  is  stable  up  to  the  temperature  of  1350°,  and  then  loses  a  little  oxygen. 

It  is  abundant  in  a  very  impure  condition  as  burnt  pjrrites  (pp.  256,  ^0). 

It  is  used  as  a  red  pigment  in  paints,  and  for  polishing  glass.  Its  price  varies  according 
to  itB  degree  of  fineness  from  £6  to  £10  per  ton. 

It  is  now  obtamed  in  various  brightly  coloured  qualities  of  different  shades  by  heating 
ordinary  iron  oxide  to  redness  for  several  hours  mixed  with  6  per  cent,  of  sodium  chloride 
in  clay  crucibles,  and  then  allowing  it  to  cool  slowly  out  of  contact  with  the  air.  By  varying 
the  temperature  and  the  duration  of  the  heating,  various  shades  are  obtained  from  a  bright 
red  to  a  reddish  violet. 
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Of  late  years  varioiis  patents  have  been  taken  out  for  the  preparation  of  such  iron 
prgments,  Ger.  Pat.  143,617,  Eng.  Pat.  16,338  of  1907,  and  U.S.  Pats.  739,444  and  768,687. 

Italy  produced  1630  tons  of  iron  oxide  in  1908  of  the  value  of  £31,160,  and  760  tons 
in  1905.  It  imported  596  tons  in  1906,  about  1000  tons  in  1907  and  1141  tons  in  1908 
of  the  value  of  £11,400,  and  1045  tons  in  1909.  Italy  exported  4677  tons  in  1907  and 
9691  tons  in  1909  of  the  value  of  £97,000  (official  statistics !).  The  imports  of  mineral 
pigments,  both  natural  and  artificial,  were  964  tons  in  1906  and  982  tons  in  1908  of  the 
value  of  £4680  apart  from  1643  tons  of  umber  of  the  value  of  £2288.  The  exports  were  3300 
tons  in  1908  of  the  value  of  £13,280.  Germany  exported  391  tons  of  mineral  pigments 
in  1906. 

FERRIC  HYDROXIDE :  Fe(OH),.  This  is  formed  as  rust  on  iron  exposed  to 
moist  air,  or  as  a  voluminous  reddish-brown  precipitate  on  treating  a  solution  of  a 
ferric  salt  with  an  alkali.  It  is  best  to  use  NH3  as  the  precipitate  is  then  more  easily 
washed.  It  is  insoluble  in  water  and  soluble  in  acids.  When  freshly  precipitated  it  is 
soluble  in  a  solution  of  ferric  chloride  or  acetate  and  by  dialysing  this  solution  a  pure 
colloidal  reddish-brown  solution  of  Fe(0H)3  is  obtained  which  is  used  in  medicine.  On 
boiling  the  hydroxide  for  some  time  with  water,  it  is  transformed  into  Fe20(0H)4,  that 
is,  into  a  hydroxide  which  is  partially  soluble  in  acids,  and  which  is  also  found  naturally  as 
limaniie. 

Ferric  hydroxide  is  a  weak  base. 

FERROSO-FERRIC  OXIDE  :  iPe^O^.  This  is  found  naturally  as  magnetite  or  magnetic 
iron  ore,  which  abounds  in  Sweden,  Norway,  and  the  Ural  Mountains.  It  is  formed  on 
burning  iron  in  excess  of  oxygen  or  on  heating  iron  in  a  current  of  steam  or  of  00^.  It  is 
sometimes  used  as  a  pigment  in  paints. 

FERRIC  CHLORIDE :  FeClg.  This  compoimd  is  obtained  on  passing  a  current  of 
chlorine  into  a  solution  of  ferrous  chloride,  or  by  oxidising  such  a  solution  with  HNO^. 
It  crystallises  with  various  amounts  of  water  from  5  to  16  mols.,  but  on  heating  it  not 
only  loses  water  but  also  Hd,  similarly  to  MgCl2»  and  anhydrous  Feds  is  therefore  only 
obtained  by  heating  iron  in  a  current  of  dry  chlorine.  It  is  soluble  in  water,  alcohol, 
and  ether.  The  density  of  its  vapours  at  400^  corresponds  to  the  formula  Fe2Cle)  whilst 
at  1000^  it  corresponds  to  FeC  3. 

Its  molecular  weight  has  been  determined  by  the  rise  of  the  boiling-point  of  an  ethereal 
solution. 

It  is  used  in  the  chlorination  of  copper  and  silver  and  as  a  mordant  in  dyeing  textile 
fabrics.  It  is  also  used  for  purifying  effluent  waters.  In  solution  of  40^  B^.  it  costs  about 
£14  Ss,  per  ton.     The  solid  crystalline  salt  costs  £20  per  ton. 

FERRIC  SULPHATE :  Fe2(S04)3.  This  compound  is  obtained  on  dissolving  ferric 
oxide  in  sulphuric  acid  or  by  oxidising  ferrous  sulphate  with  HNO3.  On  evaporation  a 
whitish  substance  remains  which  dissolves  in  water  with  a  brownish-red  colour.  It  is 
used  in  dyeing  silk  and  cotton  {see  vol.  ii,  '*  Organic  Chemistry ").  With  the  alkali 
sulphates  it  forms  well -crystallised  alums  such  as  E2S04.Fe2(S04]^.24H20. 

FERRIC  PHOSPHATE  :  FePO*.  This  is  a  yellowish  powder,  insoluble  m  water  and 
acetic  acid,  which  is  obtained  by  precipitating  a  solution  of  a  ferric  salt  with  sodium 
phosphate. 

IRON  DISULPHIDE :  FeS2.  This  forms  iron  pyrites  which  is  found  abundantly  in 
nature  in  lustrous,  yellow,  octahedral  crystals.  It  is  used  for  the  manufacture  of  sulphuric 
acid  {see  p.  266).  We  may  complete  the  statistics  given  on  p.  266  by  the  following 
figures : 

The  world's  consumption  of  pyrites  was  300,000  tons  in  1860  and  3,000,000  tons  in 
1906.  In  1907  the  production  of  the  various  countries  was  :  Germany  196,600  tons, 
England  10,194  tons.  United  States  247,500  tons,  Norway  225,000  tons  (of  which  30,000 
were  consumed  in  the  country),  Newfoundland  75,000  tons,  France  267,000  tons,  Portugal 
380,000  tons,  and  Spain  2,700,000  tons  (half  of  which  was  cupriferous),  Canada  47,000  tons, 
Japan  40,000  tons. 

Great  Britain  consumed  400,000  tons  in  1900  and  in  1908  imported  from  Spain  alone 
769,000  tons,  of  which  600,000  tons  were  used  in  sulphuric  acid  manufactiu'e. 

Germany  imported  691,000  tons  of  pyrites  in  1909  and  exported  14,565  tons. 

Italy  produced  122,350  tons  of  pyrites  in  1906  and  131,720  tons  in  1908  of  the  value  of 
£94,760.     The  imports  into  Italy  were  11,691  tons  in  1907, 16,348  tons  in  1908,  and  15,062 
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tons  of  iron  pyrites  in  1909  (three-quarters  of  which  were  from  Spain),  whilst  in  the  same 
years  11,000, 14,200,  and  11,1 10  tons  of  copper  pyrites  were  imported  (nine- tenths  of  which 
came  from  Spain)  of  the  value  of  £60,000. 

POTASSIUM  FERRATE  :  K2Fe04.  This  oompoimd  is  formed  on  heating  iron  filings 
with  saltpetre  or  by  suspending  ferric  hydroxide  in  an  alkaline  solution  through  which  a 
current  of  chlorine  is  passed.  It  forms  dark  red  crystals,  isomorphous  with  potassium 
sulphate  and  chromate.  It  is  decomposed  by  water  with  evolution  of  oxygen  and  separation 
of  Fe(0H)3.  This  oompoimd  may  be  considered  as  the  potassium  salt  of  a  hypothetical 
Ferric  Acid 

CYANOGEN  COMPOUNDS  OF  IRON 

When  nitrogenous  organic  matter  is  melted  with  iron  and  an  alkali  carbonate 
iron  cyanides  are  formed.  If  potassium  cyanide  is  added  to  the  aqueous 
solution  of  a  ferrous  or  ferric  salt,  yellow  precipitates  of  ferrous  cyanide, 
Fe(CN)2,  or  ferric  cyanide,  Fe(CN)3,  are  formed,  which  are  decomposed  by 
the  air  and  dissolve  in  an  excess  of  KCN,  forming  the  double  cyanides, 
Fe(C;N)2.4K(3S[  and  Fe(CN)3.3KCN ;  these  no  longer  show  the  ordinary 
reactions  for  iron  with  KOH,  HgS,  &c.,  nor  those  of  ordinary  cyanides.  It 
must,  therefore,  be  admitted  that  they  contain  complex  ions  instead  of  the 
Fe  ion,  namely,  th^  tetravalent  ferrous  anion,  FeCyj""  (where  Cy  is  an  abbre- 
viation for  cyanogen,  CN),  which  forms  ferrocyanides,  and  the  trivalent  ferric 
anion,  Fe()yg"',  which  forms  ferri cyanides.  On  adding  concentrated  HCl  to 
strong  solutions  of  these  salts,  the  corresponding  acids,  H4FeCy^  and  HjFeCy^, 
separate  as  white  powders  which  become  blue  in  the  air.  If  we  imagine  a 
trivalent  radical  formed  of  three  cyanogen  groups  : 

N— 
II 

/\  =Cya 

— N=C— C=N— 

we  may  imagine  potassium  ferrocyanide  and  ferricyanide  to  be  constituted  as 
follows  : 

Fe<  ^  and  Fe^  ^ 

^Cy3<K  ^Cya-K 

Potassium  ferrocyanide  Potassium  ferricyanide 

POTASSIUM  FERROCYANIDE  :  K^FeCje  (Yellow  Potassium  Prussiate).  This 
was  once  prepared  almost  exclusively  by  the  addition  of  dry  animal  refuse,  such  as 
blood,  hides,  horns,  hide  parings,  &c,,  and  iron  turnings  to  red-hot  molten  potaasiom 
carbonate.  Ferrous  sulphide  was  thus  formed  from  the  organic  sulphur,  together  with 
KCN,  and  on  lixiviation  a  solution  of  potassium  ferrocyanide  was  formed  without  further 
treatment :  6KCN  +  FeS  =  K4FeCye  +  KgS.  By  concentrating  and  recrystallising 
potassium  ferrocyanide  was  obtained  in  large  monoclinic  yellow  prisms,  containing  SHgO, 
which  lost  their  water  of  crystallisation  on  heating,  then  forming  a  white  powder.  Now, 
however,  almost  all  potassium  ferrocyanide  is  prepared  from  the  spent  oxide  which  is  obtained 
in  abundance  during  the  piuification  of  coal  gas  and  consists  of  a  mixture  of  sawdust, 
lime,  iron  oxide,  and  sulphur,  together  with  ferrocyanides  and  sulphocyanides.  This  mass 
is  first  lixiviated  with  water  in  order  to  separate  NH3  and  soluble  salts.  It  is  then  dried, 
the  sulphur  extracted  with  carbon  disulphide  and  the  residue  mixed  with  powdered  lime. 
The  whole  is  then  heated  with  steam  to  40°  to  100°  in  closed  pans  so  that  the  ammonia 
which  distils  may  be  utilised,  and  calcium  ferrocyanide  is  thus  obtained  in  strong  aqueous 
solution.  On  adding  a  boiling  solution  of  KCl  to  this,  the  almost  insoluble  double  ferro- 
cyanide of  calcium  and  potassium,  CaKgFeCye*  separates, and  on  heating  this  with  a  solution 
of  K2CO3,  a  solution  of  potassium  ferrocyanide  is  formed  together  with  insoluble  OaCO). 


POTASSIUM   FERRO-    AND    FERRICYANIDES     651 

Potassium  ferrocyanide  dissolves  in  4  parts  of  cold  water  or  2  parts  of  hot  water. 
It  is  decomposed  at  a  red  heat  into  KCN  +  FeC2  (iron  carbide).  It  forms  HCN 
on  heating  with  dilute  H2SO4.  With  strong  H2SO4  it  forms  CO  according  to  the 
following  equation : 

K^FeCye  +  6H2SO4  +  CHgO  =  3(NH4)2S04  +  2K2SO4  +  FeSO*  +  600. 

If  potassium  ferrocyanide  is  added  to  the  solution  of  a  ferric  salt,  a  blue  coloration, 
and  then  an  intensely  blue  precipitate  is  formed  which  is  Pru&sian  blue,  a  ferric 
ferrocyanide : 

3K4FeCye  +  4FeCl8  -  12Ka  +  Fe4"'(Fe'''Cye), : 

this  compound  is  insoluble  in  acids  and  is  decomposed  by  alkalis : 

(FeCy6)8Fe4  +  12K0H  -  4Fe(0H),  +  SFeCyeK*. 

The  formation  of  Prussian  blue  is  a  sensitive  reaction  for  ferric  salts. 
With  copper  salts  potassium  ferrocyanide  forms  a  bright  red  precipitate  of  cupric 
ferrocyanide,  insoluble  in  acids  and  decomposed  by  alkalis  : 

K4FeCye  +  2CUSO4  =  2K8SO4  +  CUfiFeCye. 

This  reaction  is  extremely  sensitive  and  serves  for  the  detection  of  minimal  traces  of 
copper  salts. 

With  ferrous  salts  potassium  ferrocyanide  forms  a  white  precipitate  which  becomes 
blue  in  the  air.  Potassium  Sulphocyanide,  KCNS,  forms  a  blood-red  coloration  of  ferric 
sulphocyanide  with  ferric  salts :  3KCNS  +  FeClg  =  3KC1  +  Fe(CNS)8. 

Potassium  ferrocyanide  is  not  poisonoiis  and  is  used  in  the  manufactiu'e  of  explosives, 
for  the  preparation  of  pigments,  and  in  silk  dyeing.  It  costs  £52  to  £56  per  ton.  Italy 
produced  247  tons  in  1908  of  the  value  of  £2866,  and  imported  286  tons  m  1906  and  293 
tons  in  1909  of  the  value  of  £15,840. 

POTASSIUM  FERRICYANIDE  :  KjFeCye  (Red  Potassium  Prussiate).  On  passing 
chlorine  into  a  solution  of  potassium  ferrocyanide  this  is  oxidised  and  potassium  ferri- 
cyanide  is  formed  which  separates  in  red  rhombic  crystals: 

2K4FeCye  +  G^  «  2Ka  +  2K8FeCye. 

On  adding  a  solution  of  potassium  ferricyanide  to  a  solution  of  a  ferrous  salt,  a  bright 
blue  precipitate  of  ferrous  ferricyanide  is  formed,  which  is  called  TvmbvWa  blue.  It  is 
a  sensitive  reaction  for  ferrous  salts,  whilst  with  ferric  salts  no  precipitate  is  formed : 

FeCye=Fe 
2K3FeCye  +  3FeS04  «  3K2SO4  +  Fe,FeaCyi2,  that  is,  ^Fe 

FeCye=Fe 

This  precipitate  does  not  dissolve  in  acids,  but  is  decomposed  by  hot  alkalis  with  formation 
of  potassium  ferricyanide  and  ferrous  hydroxide  which  immediately  transforms  the  potassium 
ferricyanide  into  potassium  ferrocyanide : 

(a)  FegFeaCyia  +  6K0H  =  3Fe(OH)2  +  2K8FeCye 

(6)     2K3FeCye  +  3Fe(OH)j8  +  2K0H  =  2K4FeCye  +  2Fe(OH)3  +  Fe(0H)2. 

Commercial  Ptussian  blue  contains  large  amoiuit^  of  Turnbull's  blue. 

Red  potassium  prussiate  is  poisonous.  It  is  readily  soluble  in  water,  and  is  also 
used  for  the  production  of  pigments,  and  in  dyeing  and  printing.  It  costs  about  £140 
per  ton. 

POTASSIUM  PERFERRICYANIDE,  K2[Fe(CN)6 .  HgO]  (Black  Potassium 
Prussiate),  was  prepared  pure  by  Skraup,  and  its  constitution  was  elucidated  by 
L.  Cambi  in  1910,  by  showing  its  analogies  with  Sodium  Ferriaquapentacyanide, 
Na2[Fe(CN)5.H20],  which  was  produced  by  K.  A.  Hofmann  from  the  nitroprusside.  The 
formation  of  the  perferricyanide  by  the  action  of  chlorine  takes  place  according  to  Cambi 
as  follows : 

III  III 

[Fe  (CN)6r'  +  a2  +  H2O  =  [Fe(CN)6.H20r  +  CI'  +  CN.Cl. 
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SODIUM  NITROPRUSSIDE  :  FeCy5(N0)Na, .  2H2O.  This  is  a  very  sensitive  reagent 
for  alkali  sulphides  and  various  organic  substances  because  it  acquires  an  intense  violet 
colour  ;  it  is  obtained  in  red  crystals  from  a  solution  of  sodium  ferrocyanide  with  nitric 
acid. 

CALCIUM  FERROCYANIDE  :  FeCyeCag.  This  compoimd  is  obtained  in  the  courge 
of  gas  manufact\u*o  {see  above)  during  the  preparation  of  potassium  ferrocyanide.  It 
crystallises  with  I2H2O  emd  already  loses  11^H20  at  40°.  It  is  used  for  the  preparation 
of  the  corresponding  potassium  salt  and  of  other  cyanides  {see  above). 

NICKEL:  Ni,  58.68 

Nickel  is  sometimes  found  native  in  meteorites,  but  abounds  in  Nickdine, 
NiAs2.NiS2,  in  Nickel  Arsenide,  NiAs,  but  most  abundantly  in  the  form  of 
Oamieriie,  a  mixed  silicate,  2(Ni.Mg)Si40i3.2H20,  which  is  found  in  lai^ge 
quantities  in  Nova  Scotia  and  in  Norway  and  contains  10  to  20  per  cent, 
of  nickel.  The  nickel  is  obtained  from  this  silicate  by  heating  it  with  coke 
and  a  basic  flux  and  then  puddling  in  an  open-hearth  furnace  (p.  637)  with  hot 
air  in  order  to  separate  the  Fe,  Mn,  and  Si  in  the  form  of  a  slag  and  obtain  free 
nickel ;  magnesium  is  finally  added  in  order  to  eliminate  all  the  oxygen,  the 
presence  of  which  is  very  disadvantageous.  In  the  extraction  of  nickel  from 
metallic  sulphides,  the  fact  is  made  use  of  that  nickel  has  more  affinity  for  sulphur 
than  has  iron,  but  less  affinity  than  copper,  whilst  the  affinities  of  these  metals 
for  oxygen  are  in  the  reverse  order.  These  ores,  which  often  contain  copper  and 
iron,  are  first  roasted  and  then  smelted  until  a  matte  is  formed  containing 
much  nickel.  On  repeatedly  roasting  and  smelting  this  then  forms  crude 
nickel,  the  treatment  being  similar  to  that  of  copper  (p.  542).  The  nickel  is 
finally  refined  in  a  Bessemer  converter  (p.  635).  A  new  and  important  process 
is  that  of  L.  Mond,  1889,  which  has  been  used  since  1902  in  Canada,  and  by 
which  400  or  500  tons  of  ore  may  be  treated  daily.  The  regulus,  containing 
80  per  cent,  of  nickel,  as  obtained  in  the  Bessemer  converters  is  then  treated 
in  England  by.  the  Mond-Lange  process,  which  consists  in  first  reducing  the 
regulus  at  300""  with  water-gas  in  a  tower,  and  then  chargiag  the  product  into 
a  "  volatiliser,"  into  which  a  current  of  carbon  monoxide  at  100**  is  passed. 
Nickel  tetracarbonyl,  Ni(C0)4,  '^  thus  formed,  which  is  volatile  and  passes 
into  the  decomposition  tower,  where  at  180°  all  the  nickel  is  separated  of  99-6 
per  cent,  purity.  Nickel  is  also  obtained  from  alloys  and  from  the  regulus  by 
electrolytic  means,  using  the  alloy  itself  as  an  anode  in  a  bath  of  copper  and 
nickel  chlorides  and  collecting  the  copper  on  a  copper  cathode.  The  nickel 
which  remains  in  the  concentrated  solution  is  separated  from  copper,  and  also 
from  iron,  by  HgS.  The  solution  is  then  electrolysed  with  an  anode  of  carbon 
and  a  cathode  of  copper  on  which  the  nickel  collects. 

Pure  nickel  has  a  silvery  appearance,  is  as  ductile  as  copper,  but  tougher, 
and  is  weakly  magnetic.  It  has  a  specific  gravity  of  8-9  and  melts  at  about 
1500°  to  1600°.  It  is  unalterable  in  the  air  and  dissolves  with  difficulty  in 
hydrochloric  and  sulphuric  acids,  but  easily  in  nitric  acid.  It  is  a  constituent 
of  various  alloys,  as  in  nickel  coinage,  which  contains  75  per  cent,  of  copper  and 
25  per  cent,  of  nickel,  and  German  silver  or  pinchbeck,  which  is  used  in  the  pre- 
paration of  electrical  resistances  on  account  of  its  low  conductivity  and  contains 
50  per  cent.  Cu,  25  per  cent.  Ni,  and  25  per  cent.  Zn  (p.  547).  It  is  also  much 
used  for  nickel-plating  ^  (pp.  416  el  seq.),  in  the  manufacture  of  many  laboraton* 

1  Galvanoplastics  and  Electro-plating:.  In  1805  Brugnatelli  already  succeeded  in  gilding  silver  coinage  electtt>- 
lytically,  and  in  1836  Ellcington  in  Birmingham  attempted  to  replace  the  usual  method  of  gilding  silver  articles  in 
a  furnace  by  the  use  of  l)aths  of  gold  chloride  and  potassium  dicarl)onate,  but  the  gilding  obtained  in  this  vay  «y 
very  thin.  In  1873  Jakobi  at  St.  Fct-ersburg  invented  an  ingenious  process  of  reproducing  medals  and  artistic 
objects  by  producing  an  exact  mould  of  these  by  means  of  wax  or  plaster  and  then  coating  every  detail  of  the  suth^ 
of  these  moulds  with  very  fine  graphite  and  thus  rendering  it  electrically  conductive.  He  then  suspended  tli« 
mould  from  the  negative  polo  (cathode)  of  an  electrolytic  bath  containing  a  suitable  metallic  salt  and  formed  the 
positive  pole  of  the  same  metal ;  on  passing  an  electric  current  through  this  bath  the  mould  became  lined  with  ^^^y 
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utensils,  and  for  other  purposes,  including  the  manufacture  of  nickel-steel 
armour-plates  (p.  639).  In  a  finely  divided  state  it  is  used  as  a  catalyst, 
especially  in  presence  of  sodium  hydroxide. 

The  world's  production  of  nickel  in  1892  was  2968  tons  ;  it  was  9850  tons 
in  1903  and  14,100  tons  in  1907,  of  which  6500  tons  were  produced  in  the  United 
States  and  Canada  and  2600  tons  in  Germany.  In  1909  Germany  imported 
3745  tons  and  exported  1625  tons.  In  1907  Italy  imported  530  tons  of  nickel 
and  its  alloys  and  525  tons  in  1909  of  the  value  of  £72,000.  The  price  was 
16«.  per  kilo  in  1875,  whilst  in  1901  it  cost  less  than  Ss.  4d. 

KICKEL  OXIDES  :  NiO  and  Ni203.  These  are  similar  to  the  oxides  of  cobalt,  although 
nickel  compounds  ail  correspond  to  Nickelous  Oxide,  in  which  the  nickel  ib  divalent. 
This  oxide  is  formed  on  heating  the  hydroxide  or  the  nitrate  and  is  found  in  nature  in  green 
crystals  as  hunaenite ;  Nickelic  Oxide,  NigOs,  i^  formed  by  the  action  of  a  h3rpochlorite 
on  a  nickel  salt,  or  on  gently  heating  the  nitrate  or  chlorate.  It  is'  a  black  powder 
which  is  transformed  into  NiO  on  heating. 

KICKEL  HYDROXIDE,  Ni(0H)2,  is  formed  as  a  green  precipitate  by  the  action  of 
KOH  on  a  nickel  salt.    It  dissolves  in  NHs  to  form  a  blue  solution. 

NICKEL  CHLORIDE :  NiCls.  This  is  obtained  on  dissolving  nickel  in  aqua  regia. 
It  crystallises  from  water  in  green  crystals  containing  6H2O.  On  heating,  these  lose  water 
and  become  yellow.     It  costs  3a.  4td.  per  kilo. 

NICKEL  SULPHATE  :  NiS04.  This  compound  is  formed  on  dissolving  nickel  or  its 
hydroxide  in  H2SO4.  It  crystallises  at  15°  to  20°  with  7H2O  in  bright  emerald -green  crystals, 
isomorphous  with  MgS04,  whilst  at  higher  temperatures  it  crystallises  with  6H2O  in  bluish- 
green  crystals.  At  280°  it  loses  all  its  water  and  becomes  yellow.  It  dissolves  in  3  parts  of 
water  and  is  often  used  in  nickel-plating.  It  costs  about  £48  per  ton.  Germany  produced 
220-3  tons  in  1906. 

NICKEL- AMMONIUM  SULPHATE:  NiS04.(NH4)2S04.6H20.  If  a  solution  of 
ammonium  sulphate  is  added  to  a  solution  of  NiS04  in  water  acidified  with  H2SO4,  then  on 
concentration  green  crystals  of  this  double  salt  separate.  It  is  only  slightly  soluble  in 
water  (2  :  17).     This  salt  is  also  used  for  nickel-plating,  and  costs  £40  per  ton. 

NICKEL  SULPHIDE  :  NiS.  This  is  obtained  from  soluble  salts  with  alkali  sulphides, 
though  not  by  passing  H2S  into  acid  solutions,  because  it  is  soluble  in  acids  ;  as  obtained 
from  alkali  sulphides  it  does  not  however  dissolve  in  acids,  perhaps  because  it  is  polymerised. 
When  freshly  precipitated  it  is  soluble  in  alkali  sulphides,  but  becomes  insoluble  after  a  short 
time. 

NICKEL  TETRACARBONYL :  Ni(C0)4.  This  compoimd  is  now  of  industrial 
importance  as  it  is  used  in  the  preparation  of  nickel  by  the  Mond  process  (see  above),  and  is 
formed  on  passing  CO  over  powdered  nickel.  It  is  a  colourless  liquid  which  boils  unaltered 
at  43°  and  burns  with  a  smoky  flame.  It  is  solid  at  —  25°.  Its  vapours  explode  at  60° 
with  separation  of  Ni  and  CO. 

fine  particles  of  the  metal,  forming  a  continuous  and  compact  surface ;  the  metal  forming  the  anode  was  gradually 
dissolved  in  the  bath  as  fast  as  it  was  deposited  on  the  cathode.  This  method  was  improved  by  Spencer  of  Liverpool 
and  then  by  Delarive  of  Paris.  In  1840  the  latter  succeeded  in  gilding  copper  and  brass  articles.  Thus  galvano- 
plastic  methods  were  no  longer  limited  to  the  reproduction  of  objtets,  but  the  art  of  eledro-plating  was  evolved  by 
mcani)  of  the  generalisations  introduced  and  industrially  applied  by  Ruolz  in  1842,  so  that  the  most  varied  metals 
could  be  covered  with  layers  of  any  desired  thickness  of  another  metal.  It  was  at  this  period  and  by  utilising 
this  process  that  the  celebrated  firm  of  Christofle  was  started  in  Paris  and  the  firm  of  Elkington  Bros,  in 
Birmingham  in  1844.  These  enterprises  were  quickly  followed  by  numerous  others  of  a  similar  character  iu 
various  countries. 

In  1843  Bottger  had  already  perfected  the  process  of  platinising  by  employing  a  bath  of  anmionium  chloro- 
platinate  and  ammonia.  In  1878  he  proposed  the  ose  of  a  bath  of  ammonium  chloroplatinate  and  sodium  citrate, 
which  is  still  used  to-day.  The  first  industrial  form  of  nickel-plating  is  also  due  to  Bdttger  who  succeeded  in  1843 
in  devising  a  process  by  the  use  of  a  bath  of  the  double  sulphate  of  ammonium  and  nickel.  This  bath  was  improved 
by  Flanzan  in  1875  by  the  addition  of  citric  acid,  and  still  further  by  Weston  in  1879  who  obtained  perfectly  white, 
homogeneous  nickel  deposits  by  replacing  the  citric  acid  by  boric  acid.  In  1897  Forstcr  succeeded  in  preparing 
thick  nickel  deposits  from  hot  baths  of  nickel  sulphate. 

The  electrolytic  deposition  of  iron  presented  remarkable  difficulties  and  the  attempts  of  Bottger  and  of  Ryhiner 
did  not  lead  to  practical  results,  whilst,  on  the  other  hand,  great  hopes  were  awakened  by  the  work  of  Feuquicres 
in  1867  and  still  more  by  that  of  Lenk  in  1869,  who  used  a  bath  of  magnesium  sulphate  and  iron  sulphate  in  presence 
of  basic  magnesium  carbonate. 

Attempts  were  also  made  by  Ruolz  and  by  Jakobi  to  obtain  metallic  alloys  electrolytically  by  the  use  of  baths 
containing  mixtures  of  various  metallic  cyanides,  but  they  were  without  industrial  results.  The  process  has  only 
become  Important  and  practical  since  1895,  when  Yordis  replaced  the  cyanides  by  lactatei>,  that  is  by  solutions 
of  the  metals  in  lactic  acid. 
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NICKEL  CYANIDE,  Ni(CN)2,  is  formed  as  a  green  precipitate  when  KCN  is  added 
to  a  solution  of  a  nickel  salt,  but  it  is  easily  soluble  in  an  excess  of  KCN  with  which 
it  forms  Potassium  Nickelocyanide,  K2NiCy4,  which  is  unstable  and  is  decomposed 
byHQ. 

COBALT:  Co,  58.97 

This  metal  is  less  abundant  and  less  used  than  nickel.  It  is  found  in  nature, 
especially  in  Cobaltine,  Co As2 .  CoSg,  and  in  SmaUine,  QoAs^.  It  is  extracted  in  the  same 
way  as  nickel,  and  is  often  found  in  company  with  it.  In  order  to  separate  cobalt  from 
solutions  of  nickel  they  are  treated  with  potassium  nitrite,  by  which  means  the  cobalt 
only  is  precipitated.  The  metal  is  also  obtained  by  reducing  the  oxide,  O03O4,  with 
charcoal  or  hydrogen. 

The  pure  metal  is  lustrous,  with  a  reddish  reflex.  It  has  a  specific  gravity  of  8*5,  does 
not  alter  in  the  air  and  is  less  magnetic  than  iron.  It  melts  at  about  1000°  and  by  the 
addition  of  very  small  amounts  of  Mg  it  may  be  obtained  in  compact  and  very  hard 
masses.  It  dissolves  slowly  in  HCl  or  H2SO4,  whilst  it  dissolves  immediately  in  HNO3, 
forming  cobalt  nitrate.     It  costs  £1  %e,  to  £1  12«.  per  kilo. 

The  more  ordinary  cobalt  compoimds  contain  a  divalent  cation  Co"  and  correspond 
to  cobaltous  oxide,  CoO  ;  the  other  derivatives  correspond  to  cobaltic  oxide,  C02O3.  Ionised 
cobaltous  salts  are  red,  whilst  when  not  ionised  they  are  blue.  A  solution  of  C0CI2  is  red 
because  it  is  highly  ionised,  whilst  if  HCl  is  added  the  ionisation  is  diminished  and  it 
becomes  blue.  Sympathetic  inks  may  thus  be  prepared,  as  when  used  for  writing  on  red 
paper  the  characters  cannot  be  seen,  whilst  they  become  blue  on  heating  the  paper. 

The  value  of  the  cobalt  ores  mined  in  Canada,  which  have  been  the  subject  of  much 
financial  speculation,  amounted  to  about  £1,520,000  in  1906. 

COBALTOUS  OXIDE  :  CoO.  This  is  a  brown  powder  which  is  formed  on  heating 
the  hydroxide  or  carbonate  out  of  contact  with  the  air. 

Cobalt  Enamels  are  alkali  silicates  coloured  blue  by  CoO  or  in  other  colours  due  to 
mixtures  of  cobalt  oxide  with  other  oxides  such  as  ZnO,  &c. 

COBALTOUS  HYDROXIDE  :  Co(OH)2.  This  is  obtained  as  a  red  precipitate  by  the 
action  of  KOH  on  cobaltous  salts  in  the  absence  of  air,  as  in  presence  of  air  it  is  easily 
oxidised. 

COBALTOUS  CHLORIDE  :  C0CI2.  When  cobalt  is  dissolved  in  hydrochloric  acid, 
crystals  of  C0CI2  +  6H2O  of  a  bright  red  colour  separate  from  the  solution.  On  heating, 
these  lose  water  and  become  blue. 

'  COBALT  SULPHATE,  C0SO4,  is  analogous  to  nickel  sulphate.  It  forms  dark  red 
monoclinic  crystals  containing  7H2O,  isomorphous  with  FeS04,  and  also  forms  double  salts 
with  alkali  sulphides,  such  as  K2SO4.C0SO4.6H2O. 

COBALT  NITRATE,  Co(N03)2,  crystallises  with  6H2O  in  bright  red  prisms  very  soluble 
in  water,  which  are  hygroscopic. 

COBALT  SILICATE  has  an  intense  blue  colour  and  is  used  in  the  preparation  of 
coloured  glass  and  enamels,  whilst  when  powdered  it  is  used  in  painting.  By  heating 
alumina  to  a  white  heat  for  some  time  with  a  cobalt  salt,  Thenard'a  blue  m  obtained,  which 
is  of  various  shades  of  blue  according  to  the  proportions  of  Co  and  Al  which  are 
present. 

COBALTIC  OXIDE :  CO2O3.  This  is  a  black  powder  which  is  formed  on  calcining 
cobalt  nitrate  at  a  moderate  temperature.  At  higher  temperatures  it  is  transformed 
into  Cobaltous-Cobaltic  Oxide,  C08O4,  and  if  the  temperature  is  raised  still  further 
CoO  remains. 

On  treating  C02O3  with  hydrochloric  or  sulphuric  acids  the  corresponding  cobaltic 
salts  are  not  formed,  but  the  cobaltous  compounds  are  produced  with  evolution  of  oxygen, 
chlorine,  &c.  Cobalt  Alums  may,  however,  be  obtained  by  dissolving  this  oxide  in 
cold  dilute  sulphuric  acid  and  then  adding  alkali  sidphates. 

POTASSIUM  COBALTICYANIDE :  CoCyeKg.  This  compound  erystallises  in 
colourless  rhombic  prisms  which  have  a  constitution  corresponding  to  that  of  red 
potassium  prussiate. 

COBALTIPOTASSIUM  NITRITE:  Co(N02)3.3KN02.1iH20.  This  is  obtained  in 
the  form  of  somewhat  incolubic  yellow  crystals  by  adding  potassium  nitrite  and  acetic 
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acid  to  a  cobaltous  salt.    It  is  used  for  separating  nickel  from  cobalt,  as  on  increasing  the 
number  of  potassium  ions  it  becomes  almost  insoluble. 

COMPLEX  AMMONIUM  SALTS.  On  adding  ammonia  to  cobaltous  salts  until 
the  precipitate  which  is  first  formed  is  redissolved  a  solution  is  obtained  which  absorbs 
oxygen  from  the  air,  and  if  to  this  an  acid  corresponding  to  the  cobaltous  salt  which 
has  been  employed  is  added,  a  brick-red  crystalline  powder  separates  which  is  known  as 
a  salt  of  roaeocobaU.  Thus,  according  to  the  salt  employed,  roseocobaltic  chloride, 
CoClaCNHj^.HgO,  or  roseocobaltic  nitrate,  Co(N03)3(NH3)5.H20,  is  obtained.  If  these 
roseocobaltic  salts  are  heated  with  a  little  acid  they  acquire  a  purple-violet  colour  forming 
salts  of  Purpureocobalt*  such  as  Coa3(NH8)6  or  Co(N03)3.(NH3)6. 

If  ammonium  chloride  and  an  oxidising  agent  are  added  to  an  ammoniacal  solution  of 
cobalt  chloride,  reddish-yellow  crystals  of  CoCl3(NH8)8  separate,  which  are  soluble  in  cold 
water  ;  compounds  of  this  type  are  called  IvieocdaU  salts.  By  suitably  varying  the 
groups  with  other  acid  radicals,  such  as  NO2,  &c.,  Croceocobalt,  Flavocobalt,  and 
Xanthocobalt  salts  are  formed. 

Platinum,  chromium,  and  copper  also  form  similar  compounds  to  those  just  described, 
but  differing  according  to  the  valencies  of  these  metals.  In  compounds  containing  the 
He3cammino  group,  (NHa)^,  a  portion  of  the  molecides  of  the  NH3  may  be  replaced 
by  water  molecules  or  a  portion  of  the  ammonia  may  simply  be  eliminated ;  there  are 
thus  five  series  of  salts  in  which  X  indicates  the  acid  radical :  Hexamminocobalt  salts 
or  Luteocobalt  salts,  CoX3(NH3)e,  Pentaniminocobalt  salts  or  Purpureocobalt  salts, 
CoX3(NH3)6,  Tetramminocobalt  or  Praseocobalt  salts,  CoX3(NH3)4,  and  Triammino- 
cobalt  salts,  Ck)X8(NH8)8. 

These  salts  do  not  show  the  ordinary  reactions  for  cobalt  and  ammonia  and  we  must, 
therefore,  suppose  them  to  contain  complex  ions.  They  are  more  or  less  ionised  by  water  ; 
thus,  for  example,  all  the  chlorine  may  be  removed  from  luteocobalt  chloride,  CoCl3(NH8)3, 
by  means  of  silver  nitrate,  from  which  we  may  infer  that  the  three  atoms  of  chlorine  form 
the  anions  and  that  the  trivalent  cation  will  be  formed  by  the  group  Co(NH8)8"*,  so  that  we 
have  a  quaternary  electrolyte  with  three  anions  and  one  associated  cation.  When 
1  mol.  of  ammonia  is  eliminated,  1  atom  of  chlorine  loses  its  property  of  being  ionised ; 
therefore  the  solution  conducts  the  current  less  well  and  only  2  atoms  of  chlorine  are 
separated  by  silver  nitrate,  that  is,  a  ternary  electrolyte  is  formed.  On  eliminating  a  further 
molecule  of  NHg  the  conductivity  is  still  further  diminished  and  only  a  single  atom  of 
chlorine  remains  ionised,  so  that  we  now  have  a  binary  electrolyte.  If,  finally,  a  third 
molecule  of  ammonia  is  removed  we  obtain  triamminocobalt  chloride,  Co(NH3)3Cl8,  which 
is  no  longer  ionised  and  therefore  no  longer  conducts  the  electric  current. 

By  placing  the  dissociated  anion,  X,  within  square  brackets,  we  obtain  the  four  following 
general  formulae,  in  which  Me  represents  the  fundamental  metal,  Co,  Pt,  Fe,  &c.,  around 
which  the  other  groups  are  attached,  the  number  of  which  (co-ordination  number  of 
Werner)  attains  a  maximum  of6(Co=6;  C=4;  N=4;  B=4,  &c.),  whilst  the 
other  groups  or  ionised  atoms  are  indirectly  united  to  the  fundamental  metal : 

[Me(NH3)e]X3  ;       [Me(NH8)5X]X2 ;       [Me(NH3)4X2]X  ;      [Me(NH8)3X8]. 

If  we  now  commence  to  increase  the  number  of  negative  groups  or  atoms  (CI,  NO3, 
Cy,  OH,  &c.)  at  the  expense  of  the  NHa  groups,  we  obtain  new  negative  complexes  the 
valency  of  which  is  given  by  the  number  of  new  groups  which  are  introduced  ;  thus  we 
have,  for  example,  tetramminocobalti -potassium  nitrite,  [Co(NH3)2(N02)4]'K',  and  we 
might  also  obtain  the  compound,  [Co(NH3)(N02)6]"K2",  which  has  not  yet  been  prepared, 
and  finally  we  might  obtain  the  compound  [Co(N02)e]'"K3"*,  which  is  Cobalti- 
potassium  Nitrite,  which  is  well  known  and  which  may  be  compared  with  potassium 
ferricyanide,  Fe'^CygKa.  None  of  these  compounds  show  the  reactions  of  the  NO2  residue 
because  it  is  not  ionised  and  is  united  directly  to  the  fundamental  metal  Co.  When  the 
metal  is  divalent  we  obtain  compoimds  of  the  type  Me"(NH3)eX2  (where  Me  indicates 
the  divalent  metal)  which  correspond  to  the  compound  [Me"Cyfl]""X4**",  if  NH3  is  replaced 
by  various  other  groups  such  as  cyanogen.  A  well-defined  salt  corresponding  to  this 
group  of  compounds  is  potassium  ferrocyanide,  Fo"Cy6K4. 

Light  was  thrown  on  the  constitution  of  these  very  numerous  complex  compounds  of 
cobalt,  platinum,  &c.,  by  the  work  of  Werner  and  of  his  pupils,  especially  Miolati.    The 
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number  of  these  compounds  which  are  now  known  is  about  2000,  and  until  lately  it  had 
not  been  possible  to  interpret  their  constitution  in  any  rational  manner. 

For  example,  two  isomeric  compounds,  Pt(NH8)4S04(0H)2,  are  known,  of  which, 
although  they  have  the  same  atomic  composition  and  the  same  molecular  weight,  the  one 
behaves  as  a  strong  base  and  gives  no  reaction  for  the  SO4''  ion  in  aqueous  solution  (no 
precipitate  with  BaCl2),  whilst  the  other  behaves  as  a  neutral  salt  and  precipitates  BaSO^ 
with  Bads.  The  former  is  thus  a  hydroxide  of  Sulphotetramminoplatinum  of 
the  following  constitution  [S04Pt{NH8)4](^H)2,  whilst  the  latter  is  a  sulphate  of  dihy- 
droxyltetramminoplatinum,    [(0H)2Pt(NH3)4]S04. 

lie  crystallised  hexamminic  salts  in  which  several  molecules  of  ammonia  are  replaced 
by  1  to  6  molecules  of  water  are  also  interesting.  In  some  of  these  the  molecular 
conductivity  is  only  slightly  influenced  (Jorgensen),  for  instance,  [Co(NH8)4(H20)2]Brs, 
[Co(NH8)6H20]Br3,  and  [Co(NH3)fl]Br8,  whilst  in  others  one  acid  residue  ceases  to  be 
ionised  for  each  molecule  of  water  which  is  introduced,  and  in  others  again  for  each  molecule 
of  water  which  is  introduced  one  acid  residue  is  ionised,  and  is  placed  outside  the  square 
brackets  in  the  following  formulas,  which  show  the  3  hydrates  of  trichlorotriamminocobalt 

[Co(NH3)8a3] : 

[Co(NH3)3(H20)a2]Cl ;         [Co(NH3)3(H20)2Cl]a2 ;        LCo(NH3)3(H20)3]C3s 

Diehloroaquotriammino  Chlorodlaquotetiammino  Triaqaotriammino 

cobalt  chloride  cobalt  dlchloride  cobalt  trichloride 

In  these  aquo  salts  we  also  find  cases  of  isomerism  of  hydration  to  which  various  colora- 
tions correspond,  and  their  constitution  is  explained  by  stereochemical  considerations 
which  are  developed  in  the  second  volume  of  this  work  ("  Organic  Chemistry  ").  Complex 
salts  of  this  character  are  also  known  which  contain  several  fundamental  and  stable  con- 
densed nuclei  which  are  not  broken  up  either  by  ionisation  or  by  spontaneous  hydrolysis. 

(6  and  c)  PLATINUM  GROUP 

This  is  divided  into  two  sub-groups  : 

Light  Mbtals 

Ruthenium,  Bu       Rhodium,  Rh       Palladium,  Pd 


Atomic  weight 
Specific  gravity 

101-7 
12-26 

102-9 
121 

Hbavy  Metat.s 

106-7 
11-9 

Osmium,  Os 

Iridium,  Ir 

Platinum,  Pt 

Atomic  weight 
Specific  gravity 

190-9 
22-4 

1931 
22-38 

195 
21-45 

The  valency  of  these  elements  varies  considerably ;  thus  in  osmium  it  varies  from 
2  to  8  and  in  palladium  from  1  to  4. 

These  metals  are  found  naturally  in  the  native  state  only,  generally  mixed  with  others, 
in  the  island  of  Sumatra,  California,  Australia,  the  Ural  Mountains,  &;c.,  and  frequently 
together  with  iron  and  gold.  The  complete  separation  of  these  metals  from  one  another 
is  difficult  because  their  salts  have  many  properties  in  common  and  the  impurities  of  the 
one  and  the  other  further  complicate  the  processes  of  extraction  and  separation. 

Generally  speaking,  by  the  action  of  aqua  regia  on  a  mixture  of  these  minerals,  a  mixture 
of  the  chlorides,  PtCl4,  IrCl4,  RhCl2,  and  PdCls,  is  obtained,  which  on  heating  with  NaOH 
forms  IrCl3  (from  the  IrCl4)  and  sodium  hypochlorite  (which  f  6rms  the  chloride  with  alcohol ). 
On  then  adding  ammonium  chloride  ammonium  chloroplatinate,  (NH4)2PtCle,  separates 
and  yields  spongy  platinum  on  heating,  whilst  the  chlorides  of  palladium  and  rhodium 
do  not  form  insoluble  double  salts  like  platinum  and  are  separated  on  further  concentra- 
tion.    From  the  final  mother  liquors  the  other  metals  are  precipitated  by  iron  turnings. 
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RUTHENIUM  : '  Ru,  loi  .7 

This  is  a  brittle  metal,  very  infusible  (melting  at  about  2000°),  and  only  dissolves 
slowly  in  aqua  regia,  being  transformed  into  the  chloride,  RuCls,  although  if  the  ruthenium 
is  alloyed  with  a  little  platinum  it  is  much  more  easily  dissolved.  It  forms  several 
oxides,  BuO,  Ru208»  BuOg,  and  RuO^  (peroxide)  and  several  chlorides,  BuC]2>  RuCls, 
and  RUCI4. 

A  compound  is  also  known  which  has  a  certain  similarity  with  potassium  manganate, 
namely  Potassium  Rutheniate,  K2RUO4.H2O,  which  is  formed  on  melting  ruthenium 
with  potassium  nitrate  and  potassium  hydroxide.  From  the  bright  orange-coloured 
aqueous  solution  obtained  from  this  melt  black  crystals  separate.  When  a  current  of 
chlorine  is  passed  through  this  solution  it  carries  with  it  the  volatile  Tetroxide,  RUO4, 
which  condenses  on  cooling  in  golden-yellow  crystals.  With  dilute  acids  it  forms 
Potassium  Per-Rutheniate,  KRUO4,  which  is  analogous  to  KMn04,  and  forms  intensely 
green  solutions. 

RHODIUM  :   Rh,  102.9 

This  element  was  discovered  in  1803  by  WoUaston  who  prepared  it  from  the 
Chloropurpureorhodium  Chloride,  Rh(NH3)5Cl8  {see  p.  655).  It  has  the  appearance 
and  ductility  of  silver  and  a  specific  gravity  of  12-1.  When  pure  it  is  not  even  attacked 
by  aqua  regia  but  becomes  soluble  in  that  mixture  when  alloyed  with  platinum.  When 
heated  in  the  air  it  forms  the  oxide,  BhO,  and  another  oxide,  Rh203,  is  also  known, 
which  forms  salts  with  acids.  It  has  the  property  of  absorbing  considerable  quantities 
of  hydrogen.  On  heating  in  a  current  of  chlorine  it  forms  the  dark  red  Trichloride, 
RhCls,  which  forms  double  salts,  and  its  sulphate  also  forms  Alums  with  alkali  sulphates. 
Rhodium  is  rare  and  very  dear,  costing  12^.  per  gramme.  It  is  now  used  in  the  construction 
of  extremely  sensitive  electrical  pyrometers,  which  may  be  used  up  to  a  temperature  of 
1000°.  These  pyrometers  are  constructed  of  two  wires,  one  of  platinum  about  0*6  mm. 
thick  and  150  cms.  long,  and  the  other  of  platinum  alloyed  with  10  per  cent,  of  rhodium. 
The  two  wires  are  melted  together  at  one  extremity  and  thus  form  an  element  which,  when 
connected  at  the  two  other  extremities  with  a  galvanometer,  gives  rise  to  a  feeble  current 
as  the  temperature  is  raised  (an  E.M.F.  of  0-001  volt  for  each  100°).  The  E.M.F.  which  is 
produced  is  exactly  proportional  to  the  temperature  and  is  indicated  by  the  galvanometer 
with  an  error  not  exceeding  5°  at  1000°.  The  galvanometer  may  also  be  placed  at  a  long 
distance  from  the  source  of  heat  by  connecting  it  to  the  pyrometer  by  ordinary  electric 
leads,  and  it  is  thus  possible  to  control  the  course  of  temperature  changes  in  a  furnace 
at  any  moment  even  from  a  distance. 

PALLADIUM:   Pd,  106.7 

This  element  is  found  in  nature  alloyed  with  gold  or  in  certain  ores  with  selenium. 
It  has  a  silvery  appearance,  a  specific  gravity  of  11-8,  and  a  melting-point  of  1700°. 

It  is  dissolved  by  strong  concentrated  boiling  acids.  On  heating  it  first  forms  an  oxide 
which  decomposes  at  still  higher  temperatures.  The  most  significant  and  characteristic 
property  of  palladium  is  that  of  absorbing  in  the  cold,  but  after  to  heating  to  redness, 
370  times  its  own  volume  of  hydrogen  gas  and  800  volumes  at  100°  when  it  is  finely  divided 
(palladium  sponge).  If  palladium  foil  is  used  as  a  cathode  in  the  electrolytic  decomposition 
of  water  it  is  capable  of  absorbing  960  volumes  of  H,  which  it  evolves  completely  on  heating 
in  vaciM),  Hydrogen  so  absorbed  by  palladium  has  very  energetic  reducing  properties  ; 
it  reduces  ferric  to  ferrous  salts,  and  transforms  CI  into  HCl ;  its  action  appears  to  be  based 
on  a  catal3rtic  phenomenon.  Palladium  forms  a  chemical  compound,  PdfiH,  with  hydrogen, 
which  has  a  constant  dissociation  tension  and  is  capable  of  dissolving  a  further  amount  of 
hydrogen  until  an  aUoy,  Pd3H2,  is  formed  {see  "  Hydrogen,"  p.  127). 

Palladium  costs  about  4^.  per  gramme. 

In  its  compounds  palladium  is  sometimes  divalent  and  sometimes  tetravalent ;  it  is 
divalent  in  its  more  stable  compounds. 

It  forms  PALLADIOUS  IODIDE,  Pdlj,  in  the  form  of  insoluble  black  crystals  by  the 
I  42 
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aotion  of  palladious  chloride  on  KI.  This  reaction  is  used  for  the  separation  of  iodine 
from  CI  and  Br  because  these  latter  form  soluble  palladium  compounds. 

PALLADIOUS  CHLORIDE,  PdCl2,  is  obtained  by  evaporating  a  solution  of  palladium 
in  aqua  regia  and  forms  brownish-red  crystals  containing  2H2O.  Its  solution  is  used  for 
the  qualitative  and  quantitative  determination  of  CO. 

PALLADIC  CHLORIDE,  PdC^,  is  not  known  in  the  free  state  because  it  immediately 
decomposes  into  PdCl2  +  CI2.  It  is,  however,  known  in  the  form  of  rather  insoluble 
double  salts,  such  as  K2PdCle  and  (NH4)2PdCl6. 

OSMIUM  :  Os,  190.9 

This  element  has  the  highest  specific  gravity  of  all  the  metals,  namely  22*48,  and 
excepting  chromium  it  has  the  highest  melting-point,  about  2600°.  When  massive  it 
is  not  dissolved  even  by  aqua  regia,  whilst  when  finely  divided  it  dissolves  in  various 
mineral  acids. 

Before  1900  osmium  cost  4s.  per  gramme,  but  it  is  now  used  in  an  electric  lamp  and  the 
price  has  risen  to  Ss,  per  gramme,  as  it  is  only  found  in  very  small  quantities  in  nature. 
{Translator's  note, — ^Various  metals  are  now  known  to  have  a  still  higher  melting-point 
than  osmium.) 

OSMIUM  OXIDES.  Various  oxides  are  known,  namely  OsO,  OS2O8,  and  OsOj,  but 
the  most  important  is  OsO^,  which  is  formed  on  heating  powdered  osmium  in  the  air  or 
in  steam,  or  also  by  treating  osmium  wdth  HNO3,  aqua  regia,  or  moist  chlorine.  It 
forms  a  colourless,  crystalline  mass  which  sublimes  in  needles,  melts  easily  and  boils  at 
about  100°.  The  vapours  have  an  irritating  smell  and  are  highly  poisonous.  This  oxide 
is  commercially  known  as  osmic  add,  but  its  aqueous  solution  shows  neutral  reaction  and 
it  does  not  form  salts.  It  is  used  in  microscopy  as  it  easily  separates  osmium  as  a  black 
powder  when  reduced  by  organic  matter.  It  was  employed  by  Auer  for  the  new  incan- 
descent osmium  lamp.  This  electric  lamp  was  prepared  with  filaments  obtained  b\ 
squirting  a  paste  formed  of  an  adhesive  substance  mixed  with  osmium  oxide  through  a  very 
fine  hole.  These  filaments  were  used  instead  of  carbon  filaments  in  an  ordinary  evacuated 
electric  lamp,  and  on  passing  the  ciurent  the  oxide  was  reduced  to  metallic  osmium  which 
resisted  the  highest  temperatures  in  vaxyuo.  Such  lamps  show  the  advantage  that  for  an 
equal  time  (1000  hours)  and  equal  consumption  of  electrical  energy,  they  produce  a  quantity 
of  light  almost  double  that  of  the  ordinary  incandescent  lamp,  but  they  can  only  be  used 
on  low- voltage  circuits  (60  volts  or  preferably  25  volts),  although  they  are  now  also  adapted 
to  ordinary  circuits  at  120  volts  by  means  of  a  distributor  which  divides  the  current  into 
three  portions  at  40  volts  each. 

The  glass  bulb  of  this  lamp  does  not  blacken  even  after  prolonged  use,  and  it  can 
therefore  be  used  at  maximum  eflficiency  to  the  end.  The  temperature  of  the  filament 
does  not  exceed  1450°,  whilst  that  of  the  carbon  filament  is  as  much  as  1600°.  The 
advantage  obtained  is  therefore  due  to  the  more  intense  light  emitted  by  the  osmiiun 
filament. 

In  1893  the  first  important  experiments  on  this  lamp  were  conducted,  and  a  great 
future  was  prophesied  for  it.  It  is,  however,  possible  that  an  insufficient  amount  of  osmium 
will  be  found  on  the  earth's  surface  to  satisfy  the  demand. 

The  oxide  now  costs  6s,  Id,  per  gramme. 

(Translator's  note, — ^The  osmium  lamp  is  now  obsolete,  having  been  replaced  by  other 
metallic-filament  lamps.) 

POTASSIUM  OSMIATE,  K2OSO4.  On  melting  osmium  with  potassium  hydroxide 
and  potassium  nitrate,  this  compound  is  obtained  in  a  similar  manner  to  the  corresponding 
ruthenium  compound.     It  crystallises  in  \'iolet  octahedra,  containing  2H2O. 

Several  chlorides  are  known,  such  as  OSCI3  and  OsCl^,  which  are  similar  to  the  corre- 
sponding ruthenium  chlorides. 
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IRIDIUM:  Ir,  193.1 

This  element  melU  at  a  alightly  lower  temperature  than  rutheniiun.  It  is  separated 
from  admixture  with  Ofimium  by  heating  it  in  the  air  so  that  the  osmium  is  volatilised 
as  oxide.  In  the  compact  state  it  ia  not  dissolved  even  by  aqua  regia,  and  its  resistance 
to  cheoiical  reagents  is  ako  communicated  to  other  metals  with  which  it  is  alloyed,  such 
as  osmium  and  platintuo.  It  is,  therefore,  used  in  the  manufacture  of  crucibles,  capsules, 
and  other  chemical  apparatus,  alloyed  with  90  per  cent,  of  platinum.  In  the  massive 
state  it  is  brittle  in  the  cold  and  has  a  specifio  gravity  of  22-42.  In  the  spongy  state  its 
specific  gravity  is  IS-8. 

Two  chlorides,  IrClg  and  Ira*,  and  their  double  salts,  lrCI,.3KCI.3HjO— which  is 
soluble  in  water — and  IrCl4.2KCI — which  is  insoluble — are  known. 

IrCl4  is  black  and  dissolves  in  water  with  a  bright  red  colour. 

The  oxide,  Ir^Oj,  forms  salts  and  also  an  alum. 

PLATINUM:   Pt,  195 

This  metal  is  almost  entirely  obtained  as  small  granules  in  sandy  deposits  in  the  Ural 
Mountains.  On  levigation  this  sand  leaves 
a  crude  residue  containing  75  to  80  per 
cent,  of  platinum  and  small  quantities  of 
other  metals  of  the  platinum  group.  The 
extraction  and  separation  of  the  platinum 
is  carried  out  by  the  methods  already 
described  above,  but  whilst  the  sands  from 
the  Ural  Mountains  once  contained  up  to 
12  grms.  and  more  of  platinum  per  ton, 
platinum -bearing  sands  are  now  treated 
which  only  contain  3  grms. 

The  ■platinutrt  sponge  which  is  obtained 
ia  converted  into  massive  platinum  by 
melting  it  in  a  refractory  crucible  arranged 
in  a  simple  furnace  which  is  heated  by  the 
oxy-hydrogen  flame,  as  is  seen  in  Fig.  280 
(«ee  also  pp.  175-176).  Hie  platinum  which 
is  thus  melted  at  a  high  temperature  is  cast 
into  bars  of  3  to  5  kilos  each,  which  ore 
then  hammered  or  drawn  into  sheets  and 
thin  wires  for  various  commercial  purposes  ; 
the  wires  may  be  as  thin  as  0-0001  mm. 
diameter. 

The  platinum  thus  prepared  almost 
always  contains  iridium  which  does  not,  t 
however,  depreciate  its  value.     Its  separa-  ' 

tion  is  not  an  easy  matter,  but  after  melt-  Fia.  280. 

ing  and  slowly  cooling,  the  platinum   may 

be  dissolved  in  aqua  regia,  leaving  part  of  the  imaltered  iridium  behmd  in  a  crystalline 
form.  Ammonium  Platino-chloride,  (NH4)2ptClg,  may  be  precipitated  from  the  solution 
with  NHjCl,  and  on  heating  to  redness  leaves  platinum  sponge,  whilst  from  the  solution 
a  fine  black  powder  separates  through  the  action  of  reducing  agents,  which  is  called 
plaiinum  black. 

Pure  platinum*  bos  a  silvery  appearance  and  is  less  hard  and  a  poorer  conductor  of 
electricity  and  heat  than  copper. 

It  is  one  of  the  noble  mttah  which  are  not  altered  by  the  air  even  on  heating.  In  the 
cold  it  is  very  resistant  to  all  chemical  reagents,  except  aqua  regia.  On  heating  it  is, 
however,  attacked  by  the  alkali  hydroxides,  by  phospbonis,  cyanides,  sulphides,  and  the 
halogens  ;  with  Ag,  Au,  Sn,  Sb,  As,  Cu,  Pb,  and  Bi  it  forms  easily  fusible  alloys.  In  order 
to  avoid  accidents  in  the  laboratory,  these  substances  should  not,  therefore,  be  heated  in 
platinum  apparatus. 
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At  a  white  heat  it  softens  and  may  then  be  welded  on  to  itself  by  continuous  hammering. 
It  is  very  ductile  and  malleable  and  may  be  drawn  into  very  thin  wires  and  foil.  It  has 
a  specific  gravity  of  21-48.  At  about  1760°  it  commences  to  melt  and  absorbs  much 
oxygen  at  that  temperature  which  is  again  liberated  in  the  cold  (spitting)  as  in  the  case 
of  silver  (pp.  409  and  556). 

Platinum  has  been  very  largely  used  for  the  preparation  of  scientific  and  industrial 
apparatus  since  1851,  as  after  the  studies  of  Deville  in  1852  and  Debray  in  1857  this  metal 
could  be  more  easily  purified,  and  worked  and  welded  into  any  desired  shape  by  the  aid  of 
the  ozy-hydrogen  flame. 

Finely  divided  platinum  {pkUinum  bktck)  absorbs  considerable  quantities  of  gases, 
such  as  H,  O,  CO,  which  are  again  liberated  at  a  red  heat.  Sheets  of  red-hot  platinum  aUow 
hydrogen  bu^  not  other  gases  to  difihise  through  them. 

Colloidal  Solutions  of  Platinum  {see  p.  105)  are  obtained  by  passing  an  electric  arc 
between  two  platinum  electrodes  under  water.  The  particles  of  platinum  are  so  fine  that 
they  pass  through  a  filter. 

The  colloidal  solution  is  black  and  is  an  active  catalytic  agent,  even  in  very  minute 
traces.  It  loses  its  catalytic  properties,  however,  through  the  action  of  time  and  of  heating 
and  also  through  that  of  poisons,  such  as  hydrocyanic  acid  or  corrosive  sublimate. 

STATISTICS  AND  PRICES.  Platinum  is  almost  entirely  produced  in  Russia,  in 
the  Ural  Mountains,  amounting  to  about  6  tons  per  annum,  which  is  95  per  cent,  of  the  total 
world's  productioa  This  industry  employs  15,000  to  20,000  workmen,  and  up  to  1890 
all  the  crude  platinum  obtained  in  Russia  or  elsewhere  was  acquired  by  the  firm  of 
Johnson,  Matthey  &  Co.  of  London.  This  firm  monopolised  the  refining  of  the  product, 
containing  75  to  85  per  cent,  of  Pt,  and  fixed  the  price.  A  considerable  quantity  of  platinum 
is  now  refined  in  Germany.  In  1899  a  syndicate  was  formed,  with  headquarters  at  Paris, 
which  monopolised  the  world's  production.     In  1905  this  amounted  to  7  tons. 

The  production  of  platinum  in  Russia  in  1840  was  1-5  tons  and  in  1860  0*99  tons.  It  was 
2<9  tons  in  1880  and  7-306  tons  in  1903,  but  these  official  statistics  are  lower  than  the 
actual  production,  because  it  has  been  calculated  that  about  25  per  cent,  of  the  metal  is 
stolen  during  treatment.  The  price  was  £35  per  kilo  in  1860,  £48  in  1880,  £40  in  1887, 
£100  in  1890,  £240  in  1906,  £200  in  1907,  £160  in  1908,  and  about  £140  in  1909.  A  few 
kilos  of  platinum  are  also  annually  produced  in  Canada,  the  United  States  and  Australia 
(altogether  about  50  to  60  kilos  per  annum). 

The  cost  of  refining  platinum  is  to-day  estimated  at  about  £2  per  kilo. 

Two  series  of  platinum  compounds  are  known,  pUUiruma  compounds  of  slightly  basic 
character,  in  which  platinum  is  divalent,  and  pkUinic  compounds  of  acid  character  which 
are  more  important  and  in  which  the  platinum  is  tetravalent. 

PLATINOUS  CHLORIDE  :  PtClg.  This  compound  is  obtained  on  heating  platinum 
sponge  to  250°  in  presence  of  dry  chlorine,  or  on  heating  chloroplatinic  acid  to  200®  (see 
below).  It  forms  a  greenish-grey  powder,  insoluble  in  water  and  soluble  in  strong  HO. 
At  a  red  heat  it  is  converted  into  platinum  and  it  forms  soluble  double  salts  with  the  chlorides 
of  the  alkali  metals,  such  as  PtCl2.2NaCl;  these  may  be  considered  as  derivatives  of 
Chloroplatinous  Acid,  H2PtCl4. 

PLATINOUS  CYANIDE  :  Pt(CN)2.  This  compound  has  little  importance  in  itself, 
but  the  double  cyanides,  which  have  a  bright  colour  and  strong  and  varied  dichroism  are 
interesting.  Potassium  Platinocyanide,  K2PtCy4 .  4H2O,  forms  yellow  rhombic  prisms 
with  a  blue  refiex.  Barium  Platinocyanide,  BaPtCy4.4H20,  forms  yellow  monodinic 
crystals  which  when  viewed  in  various  directions  appear  violet-blue  or  greenish-yellow, 
and  are  used  for  the  production  of  screens  which  render  Rdntgen-rays  visible. 

PLATINIC  CHLORIDE:  PtC^  (Platinum  Tetrachloride).  This  compound  is 
obtained  on  heating  platinum  with  aqua  rcgia.  On  then  evaporating  in  presence  of 
excess  of  HCl, -brownish-red  deliquescent  crystals  of  Chloroplatinic  Acid,  H2PtCle  +  6H20» 
remain  which  are  ordinarily  called  Platinum  Chloride.  It  is  a  reagent  which  is  used 
in  chemical  analysis  as  it  serves  for  the  quantitative  separation  of  K,  NH4,  Os,  and  Bb 
as  yellow,  crystalline  precipitates  which  are  almost  insoluble  in  water  and  insoluble  in 
alcohol,  such  as  K2PtCle>  whilst  the  corresponding  sodiimi  salt  is  soluble  in  both  water 
and  alcohol.  Chloroplatinic  acid  contains  a  complexion,  PtCle'^  and  thus  on  electrolysing 
its  aqueous  solution,  PtClo  separates  at  the  anode.  Platinum  Trichloride,  PtClg,  is 
also  known. 
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On  treating  a  solution  of  HsPtdo  with  KOH  and  then  with  acetic  acid,  Platinum 
Hydrosdde,  Pt(0H)4,  separates.  This  compound  is  partly  of  basic  and  partly  of  acid 
character.  Thus  it  is  dissolved  both  by  acids,  excepting  acetic  acid,  and  by  strong  bases. 
These  latter  form  salts  corresponding  to  a  hypothetical  Platinic  Acid,  H2Pt(0H)e. 

Numerous  complex  platinum  compounds  are  known  analogous  to  those  of  cobalt  which 
we  have  already  studied  (p.  655),  and  the  platinammonium  compounds  are  of  special 
importance,  such  as  Platinodiammonium  Chloride,  Pt(NH3)4Cl2.H20,  known  as 
Magnus^  Oreen  Salt,  which  is  obtained  from  cold  solutions  of  PtCl2  by  adding  ammonia 
and  then  heating  until  the  compound  in  question  separates  from  the  green  solution, 
whilst  Platosemidiammonium  Chloride,  Pt(NH3)2Cl2,  remains  in  solution. 

The  corresponding  bromides,  iodides,  and  nitrates  are  also  known. 

In  1909  L.  Wohler  obtained  and  identified  Platinum  Oxide,  PtOs,  with  certainty. 


PERIODIC  SYSTEM  OF  THE  ELEMENTS 

If  we  take  a  comprehensive  view  of  all  the  substances  which  we  have  studied,  and 
which  we  have  already  divided  into  groups  with  respect  to  their  valency,  we  wiU  now  bo 
able  to  find  a  reason  for  this  classification,  and  we  will  further  be  able  to  assemble  certain 
regularities  which  unite  the  elements  into  individual  groups  and  the  groups  with  one 
another. 

We  have  many  times  observed  how  certain  laws  which  regulate  matter  refer  rather 
to  the  molecules  themselves  individually  than  to  the  nature  of  the  atoms  or  elements  of 
which  they  are  composed ;  such  are  the  physical  laws  which  regulate  gases  and  which 
lead  us  among  other  things  to  the  determination  of  molecular  weights,  and  many  laws  which 
refer  to  solutions  also  depend  exclusively  on  the  number  of  ions  and  not  on  their  nature. 
On  the  other  hand,  many  properties  of  the  elements  are  a  function  of  their  atomic  weights, 
and  thus  we  find  thatthe  specific  gravity  of  the  halogens,  the  alkali  metals  and  other  groups 
of  elements  increases  with  increase  of  the  atomic  weight.  The  colour  of  these  same  halogens 
is  a  function  of  the  atomic  weight  and  its  intensity  varies  from  yellow  to  violet  black  with 
rise  t>f  the  atomic  weight  from  fluorine  to  iodine.  The  affinity  of  the  halogens  for  hydrogen 
and  for  oxygen  is  also  evidently  a  function  of  their  atomic  weight ;  we  find  the  maximum 
affinity  for  hydrogen  in  the  case  of  fluorine,  whilst  its  affinity  for  iodine  is  least ;  on  the 
other  hand,  the  affinity  for  oxygen  increases  in  the  reverse  direction. 

Such  regularities  are  found  to  a  still  greater  extent  in  connection  with  the  basic  characters 
of  the  hydroxides  of  the  alkali  and  alkali  earth  metals  and  in  their  affinity  for  water, 
basicity,  and  general  chemical  activity,  which  increases  in  each  individual  group  with 
increase  of  the  atomic  weight,  and  so  on.  If  we  wish  to  ignore  any  atomic  hypothesis  on  the 
nature  of  matter,  these  relations  between  weights  and  properties  do  not  cease  to  exist,  because 
that  which  we  now  call  atomic  weight  is  no  other  than  the  simple  weight  of  each  element, 
as  it  is  called  by  Mendelejew,  which  enters  as  such  or  in  a  multiple  quantity  to  form  the 
molecules  of  simple  or  compound  substances.  That  is  a  relative  quantity  which  is  exactly 
determined  apart  from  any  presupposed  atomistic  hypothesis  by  means  of  isodimorphism, 
specific  heat,  &c.  ;  it  is  also  the  quantity  which  we  may  derive  from  the  combining  weights 
deduced  directly  from  analysis  and  which  led  Dalton  to  his  law  of  multiple  proportions. 
If  we  now  collect  all  the  elements  iif  a  given  order  or  system  regulated  .by  the  atomic  weights 
of  these  elements  themselves,  we  can  include  in  a  single  comprehensive  view  the  more 
important  general  laws  regulating  the  relations  which  exist  between  the  more  marked 
physical  and  chemical  properties  of  these  elements  and  their  grouping,  and  we  can  also 
predict  the  existence  of  new  substances  which  have  not  yet  been  discovered.  We  can 
explain  the  reason  for  certain  exceptions,  for  certain  gaps,  which  are  encountered  in  this 
harmonious  and  graduated  grouping  of  the  individual  elements  and  groups,  and  we  may 
also  introduce  new  laws  which  permit  us  to  attain  a  larger  and  wider  horizon  which  will 
be  gradually  conquered  through  the  continuous  progress  of  science. 

In  1817  already,  and  still  further  in  1829,  Dobereiner  already  divided  the  elements 
which  presented  the  closest  analogy  with  one  another  into  triads,  in  each  of  which  the  diffe- 
rences of  the  atomic  weights  of  the  elements  remained  almost  constant,  8uc];i  as  01,  Br, 
and  I  and  Ca,  Ba,  Sr.  In  1862  Chancourtois  and  more  especially  Newlands  in  1864,  grouped 
all  the  elements  into  columns  of  increasing  atomic  weight  and  then  divided  them  into 
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several  groups  of  7  each,  because  after  7  elements  the  eighth  differed  greatly  in  its 
properties  and  resembled  on  the  other  hand  the  first  of  the  previous  group.  The  law  of 
octaves  was  thus  discovered.  It  was  also  found  that  the  properties  of  each  element  of  the 
preceding  and  succeeding  groups  which  occupied  the  same  progressive  position,  and  the 
elements  which  occupied,  for  example,  the  third  position  in  each  group  were  similar. 

In  1869  Mendelejew  and  Lothar  Meyer  almost  simultaneously  discovered  a  complete 
system,  according  to  which  the  various  physical  and  chemical  properties  of  all  the  elements 
were  reduced  to  periodic  functions  of  the  atomic  weight  or  atomic  volume  of  the  elements 
themselves,  thus  forming  a  natural  grouping  of  the  simple  substances  into  several  families 
or  periods  in  which  the  analogy  between  the  physical  and  chemical  properties  is  periodically 
reproduced  in  each  group  of  7  elements  (small  period)  up  to  chlorine  (atomic  weight  35-4), 
and  then  the  periods  are  increased  up  to  17  elements,  which  may  be  arranged  in  two  series 
as  is  indicated  in  the  Table  on  the  following  page,  in  which  the  atomic  weights  are  rounded 
off.  We  have  thus  the  large  periods  in  which  a  progressive  analogy  is  found  in  the  first  series 
of  7  elements  which  are  then  followed  by  3  elements  (for  example,  Fe,  Co,  and  Ni),  similar  to 
one  another  but  differing  from  the  first  series,  and  separating  it  from  the  second  series 
formed  of  7  other  elements.  In  the  second  large  series  the  three  intermediate  elements 
are  ruthenium,  rhodium,  and  palladium.  Then  follows  a  period  with  many  gaps  due  to 
still  undiscovered  elements  and  then  a  further  large  period  which  is  somewhat  incomplete, 
in  which  the  three  intermediate  elements  uniting  Series  9  and  10  are  represented  by 
osmium,  iridium,  and  platinum. 

In  the  vertical  columns  the  elements  are  found  divided  into  other  groups  each  of  which 
embraces  elements  which  have  the  same  valency  in  their  hydrogen  and  halogen  compounds 
or  in  their  oxygen  compounds,  and  thus  from  Groups  I  to  Group  VII,  the  valency  of  the 
atoms  with  respect  to  oxygen  increases  from  1  to  7,  whilst  with  respect  to  hydrogen  it 
increases  from  1  to  4  (from  Na,  K  to  C,  Si,  &;c.),  and  then  descends  again  to  1  in  the  case 
of  fluorine.  In  the  zero  group  (O)  we  find  the  5  new  gases  discovered  in  the  atmosphere 
which  possess  zero  valency  as  they  do  not  combine  with  any  other  substances.  In  Group 
VIII  we  find  3  triads  of  element*  which,  as  we  have  seen,  cannot  be  included  in  the 
other  groups  and  which  therefore  together  form  a  special  group,  in  which  we  find  so  many 
analogies  in  the  properties  of  the  individual  elements  as  fully  to  justify  this  division.  Thus 
all  have  a  very  high  melting-point  and  also  a  high  specific  gravity  and  consequently 
low  atomic  volume.  Certain  members  behave  as  octavalent  elements  (OSO4  and  RUO4) 
and  form  cyanides  with  complex  ions. 

On  arranging  the  even  series  below  Series  1  in  such  a  manner  that  the  odd  series 
are  displaced  horizontally  to  the  left,  vertical  columns  result  which  contain  various  sub- 
groups of  superposed  elements  which  have  more  or  less  marked  analogy  with  one  another 
such  as  K,  Rb,  Cs,  and  then  Li,  Na,  Cu,  Ag,  Au,  which  all  behave  as  monovalent  elements. 
Then  we  have  the  two  sub-groups  (Ca,  Sr,  Ba)  and  (Be,  Mg,  Zn,  Cd,  Hg)  and  again  (So, 
Y,  La,  Yb)  and  (B,  Al,  Ga,  In,  Tl),  &c. 

Each  series  starts  with  the  most  electropositive  (metallic)  element  and  ends  with  the 
most  electronegative  (non-metallic)  element ;  thus  the  vertical  Column  I  includes  the 
most  positive  metals  and  the  vertical  Column  VII  includes  the  most  negative  non-metals 
(halogens).  In  respect  to  their  derivatives,  we  pass  gradually  in  each  horizontal  series 
from  the  most  basic  compoimds  (alkaU  hydroxides)  to  the  rnost  acid  compounds. 
H  Various  regularities  are  found  on  comparing  the  atomic  weights  of  the  elements  of  each 
series  with  the  specific  gravities  and  atomic  volumes  of  the  elements  themselves  or  of 
their  derivatives,  such  as  the  oxides,  denoting  in  each  case  by  "  atomic  volume  "  the  number 
of  cubic  centimetres  occupied  by  a  gramme-atom  of  the  element  in  the  solid  or  liquid  state. 
This  is  obtained  by  dividing  the  atomic  weight  by  the  specific  gravity.  In  Series  2  the 
specific  gravity  rises  up  to  Al  and  then  descends  towards  chlorine  (liquid) ;  on  the  other 
hand  the  atomic  volume  diminishes  from  sodium  to  aluminium  and  then  rises  to  liquid 
chlorine. 

With  the  aid  of  the  periodic  system  of  the  elements  substances  may  be  classified  although 
they  themselves  or  their  constituent  elements  have  not  been  completely  studied.  Thus, 
for  example,  uncertainty  formerly  existed  as  to  which  formula  was  to  be  attributed  to 
glucinum  oxide — whether  GIO  or  GI2O3 — and  which  atomic  weight  to  assign  to  glucinum, 
because  the  volatile  chloride  was  not  then  kno"wn  and  its  molecular  weight  could  not 
therefore  be  determined  directly  ;  on  account  of  the  analogies  of  glucinum  with  magnesium 
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and  aluminium,  the  selection  of  its  atomic  Treight  was  not  easy.  The  analysis  of  the  oxide 
showed  9*4  parts  of  glucinum  to  16  parts  of  oxygen,  and  if  the  formula  GIO  were  attributed 
to  the  oxide,  glucinum  would  have  an  atomic  weight  of  9*4,  whilst  if  the  oxide  were  GlsOs; 
its  atomic  weight  would  be  14*1.  On  the  other  hand,  glucinum  oxide  has  somewhat  marked 
basic  properties,  and  thus  approaches  boron  or  to  a  still  greater  degree,  lithium.  With  an 
atomic  weight  of  14-1  and  an  oxide,  G1203,  the  position  of  glucinum  in  the  periodic  system 
would  be  between  oxygen  and  nitrogen,  the  oxides  of  which  are  of  acid  character,  whilst  if 
it  had  an  atomic  weight  of  8-4  and  an  oxide,  GIO,  it  would  be  found  between  lithium  and 
boron,  and  in  fact,  this  is  the  position  which  may  best  be  assigned  to  it.  This  position  was 
later  confirmed  by  the  vapour  density  of  glucinum  chloride.  It  has  been  foimd  possible 
to  classify  indium  and  other  elements  in  the  same  manner,  thus  establishing  or  correcting 
their  atomic  weights  with  certainty. 

The  most  exact  experiments  of  recent  years  have  always  fully  confirmed  all  deductions 
from  the  periodic  system  of  the  elements  and  although  it  has  been  necessary  to  displace 
more  than  a  few  items  of  this  grouping  (see  Table,  p.  663),  and  although  the  periodic  system 
may  not  always  be  in  harmony  with  all  the  laws  of  modem  chemistry,  its  positive  basis 
remains  assured  and  will  some  day  find  a  rigorous  mathematical  explanation.  In  the 
same  way  that  the  discovery  of  the  planet  Neptime  was  prophesied  by  Leverrier  at  Paris 
in  1846  and  by  Adams  in  England,  by  mathematical  calculations,  thus  constituting  an 
astronomical  triumph,  the  discoveries  of  scandium,  gallium,  and  germanium  in  recent 
years  were  not  less  surprising  and  marvellous.  In  1869  already,  Mendelejew,  by  studying 
the  gaps  which  remained  unfilled  in  his  classification,  had  established  that  in  the  third 
series,  below  boron,  and  at  the  side  of  titanium,  there  should  be  found  an  element  which  he 
caUed  ekaboron,  and  which  was  then  actually  discovered  and  called  scandium.  In  the 
fourth  series,  corresponding  to  aluminium  and  silicon  there  should  have  been  eha-aluminiutn 
of  atomic  weight  69  and  ekasilicon  of  atomic  weight  73  ;  in  1875  Lecoq  de  Boisbaudran 
actually  discovered  gallium  of  atomic  weight  70,  corresponding  to  eka-aluminium,  and  in 
1866,  C.  Winkler  discovered  germanium  of  atomic  weight  72-6,  which  corresponded  to  the 
ekasilicon  of  Mendelejew.  The  correspondence  of  the  properties  of  germanium  with  those 
of  ekasilicon,  described  in  advance  by  the  founder  of  the  periodic  system  in  1871,  was  still 
more  surprising.  Mendelejew  had  assigned  to  ekasilicon  a  specific  gravity  of  6*5  and  an 
atomic  volume  of  13  ;  to  the  corresponding  oxide  he  assigned  a  specific  gravity  of  4*7 
and  to  the  chloride  a  specific  gravity  of  1  '7.  Fifteen  years  later  C.  Winkler  found  the  specific 
gravity  of  germanium  to  be  5-47,  its  atomic  volume  to  be  13*1,  the  specific  gravity  of  the 
oxide  to  be  4-603  and  that  of  the  chloride  to  be  1-887.  As  will  be  seen  the  prophecy  was 
fulfilled  with  mathematical  accuracy. 

The  periodic  system,  by  indicating  the  intimate  connection  between  the  atomic  weights 
and  other  properties  of  the  elements,  thus  showing  that  the  properties  are  a  fimction  of 
the  atomic  weights,  became  a  most  important  contribution  to  the  hypothesis  of  the  unity 
of  matter  {p.  119),  a  hypothesis  which  represents  the  most  advanced  side  of  that  to  which 
the  powers  of  the  greatest  geniuses  are  directed.  The  discoveries  made  by  means  of  the 
spectroscope  and  of  radio-active  substances  (p.  121)  have  again  accentuated  and  justified 
these  hopes,  and  perhaps  in  the  near  future  the  hopes  of  to-day  will  be  realised  and  be 
the  prelude  to  a  new  era  of  progress  and  of  conquest  in  theoretical  and  practical  fields. 


APPENDIX 

ADDITION  TO  THE  SECTION  ON  THE  TREATMENT  OF  WATER  FOR 
INDUSTRIAL  PURPOSES  (p.  218).  The  B^renger-Stingl  process,  using  lime  and 
soda,  which  was  described  on  p.  219,  although  it  is  the  most  commonly  used  and  yields 
fairly  good  results  is  still  incomplete  and  in  a  measure  inexact,  because  the  permanent 
hardness,  that  is  the  hardness  which  does  not  disappear  on  boiling  followed  by  filtration 
of  the  water,  is  not  due  to  gypsum  alone,  but  also  to  nitrates  and  chlorides  of  magnesium 
which  are  not  eliminated  by  the  same  quantities  and  not  always  even  with  the  identical 
reagents  which  are  used  for  eliminating  gypsum,  although  this  latter  may  be  the  principal 
factor  of  the  permanent  hardness.  In  fact,  whilst  gypsum  is  eliminated  as  less  soluble 
calcium  carbonate  by  means  of  sodium  carbonate,  magnesium  chloride  and  sulphate 
cannot  be  separated  in  the  form  of  carbonate  because  this  latter  is  still  somewhat  soluble, 
but  are  better  separated  in  the  form  of  magnesium  hydroxide,  Mg(0H)2,  which  is  less 
soluble.  Again,  whilst  magnesium  chloride  is  eliminated  in  the  form  of  hydroxide 
by  means  of  sodium  hydroxide  fMgCl  +  2NaOH  —  2NaCl  +  Mg(0H)2],  or  calcium 
hydroxide  [MgOls  +  Ca(0H)2  -»  0aCl2  +  Mg(0n)2],  magnesium  sidphate  is  better 
eliminated  by  means  of  barium  hydroxide,  with  which  it  forms  two  insoluble  salts 
[MgS04  +  Ba(0H)2  «  BaSO*  +  Mg(0H)2]. 

Thus,  when  basing  treatment  of  the  permanent  hardness  of  water  on  the  number  of 
degrees  resulting  from  the  volumetric  test  with  soap  solution,  no  account  is  taken  of  the 
above-mentioned  facts,  and  the  treatment  is  thus  incomplete.  Another  small  cause  of 
error  in  the  ordinary  treatment  of  water  consists  in  not  allowing  for  the  free  carbon  dioxide 
which  is  always  in  solution,  which  may  however  be  determined  analytically,  but  which 
escapes  in  the  determination  of  hardness  by  means  of  a  titrated  soap  solution,  which  in 
practice  actually  absorbs  a  very  small  quantity  of  calcium  hydroxide,  which  separates  in 
the  form  of  insoluble  calcium  carbonate,  002  +  Ca(0H)2  ■->  OaCX)8  +  H2O. 

For  all  these  reasons  the  method  of  calculating  the  quantity  of  reagents  to  be  added 
to  the  water,  based  on  the  temporary  and  permanent  hardness,,  sometimes  gives  incorrect 
results  which  may  be  rather  costly. 

On  the  other  hand,  the  methods  proposed  by  Wehrenf  enning,  Blacher,  and  Hundeshagen 
of  establishing  the  equivalent  hardness  of  individual  salts  in  the  water  in  respect  to  individual 
reagents  which  are  used  in  its  treatment,  are  more  rational  and  fully  justified. 

When  these  equivalents  of  hardness  are  once  established,  it  becomes  possible  to  establish 
general  formula  which  permit  the  quantities  of  various  reagents  which  may  be  necessary 
to  produce  the  best  and  most  rational  treatment  of  the  water  to  be  calculated  in  any  particular 
case. 

An  analysis  of  water  which  is  to  be  purified  should  indicate  the  following  kinds  of  hardness 
which  may  be  represented  by  symbols  in  the  necessary  calculations  ;  hardness  in  French 
degrees  corresponding  to  all  the  calcium  salts  expressed  as  CaCOa  (symbol  C^^^) ;  ditto, 

for  the  magnesium  salts  expressed  as  CaC08(»-  ^mxt^  >   di^^o  for  dicarbonates  («-  I>^|) ; 

ditto  for  free  carbon  dioxide  expressed  as  CaCOs  (B^q  ^ '  ditto  for  sulphates  expressed  as 

CaCOg  (»  DgQ  ).    In  order  then  to  calculate  the  quantities  of  the  various  reagents  which 

are  necessary  to  soften  the  water,  the  following  equivalents  are  used,  that  is,  the  following 

quantities  of  reagents  corresponding  to  1^  of  hardness  per  cubic  metre  of  the  water : 

calcium  hydroxide,  7*4  grms.  (that  is  5*700  litres  of  clear,  saturated  lime-water) ;  sodium 

carbonate,  10*6  grms. ;  barium  chloride,  20-6  grms.  ;  barium  carbonaiey  19-6  grms. ;  barium 

hydroxide,  17  grms. 

Various  general  formulcB  were  then  proposed  (by  Kalmann  in  1890,  Pfeifer  in  1896  and 

1902,  and  Thiele  and  Flade  in  1906,  &;c.)  for  directly  calculating  the  quantities  of  reagents 

to  be  added  to  water  on  the  basis  of  analysis  ;  but  one  of  the  most  complete  and  rational 

formulae  is  that  proposed  by  Hundeshagen  in  1907,  which  we  wiU  illustrate  by  various 
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examples.    We  will  suppose  a  water  to  have  the  following  degrees  of  hardness :   D^^  17®, 
D       9-5°,  D^ji  18°,  Bqq   2-6°,  Dg^    7-7°  ;  if  this  is  treated  by  the  lime-soda  process,  the 

following  two  formulae  are  used : 

I.  7-4  (D^g  +  D^i  +  B^Q^),  that  is  7-4  (9-6  +  18  +  2-6)  -=  223  grms.  of  Ca(0H)2  or 

172  litres  of  clear  lime-water. 

II.  10-6  (D^g^  +  Djng  -  D^),  that  is  10-6  (17  +  9-6  -18)  «  90  grms.  of  sodium 

carbonate. 

One  cubic  metre  of  this  water  will  therefore  require  for  treatment  90  grms.  of  soda  and 
172  litres  of  lime  water. 

If  we  wish  to  treat  the  water  by  the  barium  chloride  and  lime  process,  the  Formula  I. 
remains  the  same  and  Formula  II.  becomes  20-6  Dg^  ,  that  is  20*6  x  7*7  =  168-6  grms.  of 

barium  chloride. 

If  we  wish  to  treat  it  by  the  barium  carbonate  and  lime  process  (see  behto)  Formula  I. 
remains  unaltered,  that  is  172  litres  of  lime  water  are  used,  and  Formula  II.  becomes 
19*6  DSO3,  that  is  19*6  x  7*7  =  161  grms.  of  barium  carbonate. 

In  the  first  case  the  reagents  for  the  purification  of  1  cu.  metre  of  water  cost  about 
0-16(2.,  whilst  in  the  second  case  they  cost  about  0-3(2.,  and  in  the  third  case  about  0-2(2. 
It  will  be  noted  that  it  is  necessary  to  use  chemically  precipitated  barium  carbonate  and 
not  the  powdered  natural  product  (witherite). 

The  purification  of  water  by  the  lime  and  soda  process,  even  if  applied  with  the  help  of 
rational  conceptions  on  equivalents  of  hardness,  still  presents  a  weak  side  if  sulphates 
are  to  be  eliminated  which  produce  permanent  hardness  and  the  corresponding  boiler 
incrustations.  Thus,  if  sodium  carbonate  is  adopted  in  eliminating  calcium  sulphate,  we 
have :  CaS04  +  CosNag  =  CaCOs  -f  S04Na2,  and  calcium  carbonate  is  separated  (not 
entirely,  because  the  reaction  is  reversible),  but  in  place  of  the  gjrpsum  an  equally  large 
quantity  of  sodium  sulphate  remains  in  solution  which  does  not  form  incrustations  because 
it  is  very  soluble,  but  gradually  remains  in  the  water  as  it  evaporates  and  accumulates 
in  the  boiler,  forming  solutions  which  continuously  become  more  concentrated  and  lead 
to  greater  consumption  of  fuel  and  to  corrosion  of  the  metallic  joints,  and  thus  render  it 
necessary  for  all  the  water  contained  in  the  boiler  to  be  occasionally  emptied. 

The  ideal  process  of  purification  would  be  one  which  eliminated  all  the  salts  which 
produce  incrustations  from  the  water  without  any  other  salts  remaining  in  solution. 

The  processes  of  purification  by  means  of  barium  salts  arose  through  such  considerations  ; 
barium  chloride  proposed  by  F.  Kuhlmann  in  1841  was  an  improvement,  as  it  completely 
separates  the  sulphates,  because  the  reaction  is  one  which  is  only  reversible  to  a  minimal 
extent,  but  it  leaves  soluble  calcium  chloride  in  solution,  CaSO^  +  BaCl2  «=  BaS04  +  OaCl2- 
The  barium  hydroxide  process  which  was  already  proposed  by  Parker  in  1825  would  have 
been  more  rational,  but  was  only  applied  later.  This  allows  the  permanent  and  temporary 
hardness  to  be  completely  eliminated  without  introducing  other  soluble  salts  into  the 
purified  water : 

CaSO^  +  (C03H)2Ca  +  Ba(0H)2  =  BaS04  +  2CaCX)8  +  2HsO. 

This  truly  ideal  reaction  (independently  of  the  fact  that  this  baryta  purification  process 
is  slightly  dearer  than  the  lime  and  soda  process)  presupposed,  in  common  with  the  barium 
chloride  process,  that  the  water  contained  the  same  amounts  of  permanent  and  temporary 
hardness,  but  this  is  obviously  infrequent  in  practical  cases,  and  in  cases  in  which  there  is 
more  permanent  hardness  a  solution  of  calcium  hydroxide  still  remains, 

CaS04  +  Ba(0H)2  =  BaS04  +  Ca(0H)2. 

Of  recent  years  a  proposal  has  therefore  been  reconsidered  which  was  already  made  by 
E.  Wiirtz  in  1869  to  use  a  single  reagent,  barium  carbonate,  which  in  spite  of  repeated 
practical  attempts  up  to  that  time  had  led  to  continuous  failures. 

Barium  carbonate  is  almost  insoluble  in  water  (0-007  per  cent.)  and  when  finely  divided 
and  employed  in  considerable  excess  it  almost  completely  separates  all  the  calcium  and 
magnesium  salts  which  produce  temporary  and  permanent  hardness,  especially  if  used 
together  with  a  little  calcium  hydroxide  in  cases  in  which  the  water  contains  much 
dicarbonates,  thus : 

CaS04  +  Ca(003H)2  +  BaC03  +  Ca(OH),  «  2H,0  +  3CaC50,  +  BaSO^ 
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Thus  on  adding  an  excess  of  barium  carbonate  to  the  water,  that  which  does  not  react 
remains  undissolved  and  its  reactive  power  gradually  increases,  whilst  it  unites  with  the 
deposit  of  precipitated  salts. 

In  1902  and  succeeding  years  the  firm  of  H.  Reisert  of  Cologne  patented  various  forms 
of  automatic  apparatus  with  special  arrangements  for  periodically  removing  the  excess  of 
finely  divided  barium  carbonate  introduced  into  the  apparatus  in  sufficient  quantities  to 
last  for  two  or  three  months. 

Barium  carbonate  treatment  costs  less  than  treatment  with  soda,  because  the  molecular 
weight  of  the  latter  is  higher  and  more  is  therefore  consumed,  and  permits  purified  water 
to  be  obtained  containing  not  more  than  4°  of  hardness,  even  from  very  hard  water. 
Calcium  chloride,  which  however  is  rarely  found  in  water  and  does  not  form  incrustations, 
is  not  precipitated  by  barium  carbonate. 

The  Gans  process,  which  not  only  serves  to  soften  water  but  also  to  free  it  from  manganese 
and  iron,  has  recently  attracted  great  interest.  In  1907  Gans  showed  that  on  passing 
water  through  a  layer  of  powdered  artificial  sodium  zeolitk,  that  is  of  a  silico-aluminate 
of  sodium,  prepared  by  melting  together  quartz  sand,  kaolin,  and  soda,  all  the  lime 
and  magnesia  in  the  water  are  absorbed  by  the  zeolith  in  the  form  of  insoluble  salts, 
whilst  soda  is  given  up  to  the  water.  Thus  the  water  loses  all  its  temporary  and  permanent 
hardness. 

Various  artificial  zeoliths  are  placed  on  the  market  by  the  firm  of  J.  D.  Riedel,  of  Berlin, 
under  the  name  of  permuiite.  The  natural  zeolith  only  gives  a  minimal  purifying  effect. 
When  the  artificial  zeolith  has  been  exhausted  by  use,  that  is  when  all  its  alkali  has  beer 
replaced  by  lime,  magnesia,  iron,  &c.,  it  is  reactivated  by  passing  a  solution  of  sodium 
chloride  through  it.  It  then  reabsorbs  sodium,  whilst  calcium,  iron,  &c.,  are  liberated  as 
chlorides. 

THE  ELIMINATION  OF  IRON  FROM  FERRUGINOUS  WATERS  (see  p.  221). 
All  waters  contain  iron  in  combination,  but  they  are  not  all  ferruginous.  Those  only  may 
be  considered  to  be  ferruginous  which  separate  the  iron  in  the  form  of  ferric  hydroxide 
when  they  are  brought  into  contact  with  air  for  some  minutes  or  hours  or  when  they  are 
heated.     Such  waters  contain  more  than  0-35  mgrms.  of  iron  oxide  per  litre. 

It  was  first  believed  that  all  that  was  necessary  in  order  to  immediately  separate  the 
iron  from  such  water  was  to  aerate  it  strongly  and  then  clarify  it  (Sal bach  1868,  Auklam 
1880,  Wingen  1882) ;  thus  in  1890  Oesten  proposed  to  allow  water  to  fall  from  a  height 
in  the  form  of  a  shower  in  very  fine  spray,  and  in  many  cases  obtained  splendid  results. 
In  other  cases,  however,  this  treatment  was  incomplete,  however  much  the  water  was 
aerated,  and  it  always  remained  yellowish  and  opalescent.  The  iron  was  not  always 
present  in  the  same  form  of  chemical  combination  and  it  therefore  became  necessary  to 
study  the  various  forms  in  which  the  iron  was  present  in  water  more  closely. 

If  the  water  runs  over  the  surface  of  soils  rich  in  iron -containing  minerals,  these  are 
not  actually  dissolved  or  only  in  negligible  quantities  ;  even  if  it  already  contains  iron  salts 
dissolved,  they  are  readily  separated  under  such  conditions.  On  the  other  hand,  if  this 
water  passes  through  surface  layers  of  the  soil  which  contain  much  carbon  dioxide,  partly 
provided  by  the  air  and  partly  by  organic  matter  decomposing  in  the  soil,  the  water  on 
penetrating  into  deeper  strata,  out  of  contact  with  the  air,  and  meeting  with  deposits  ol 
minerals  containing  iron,  will  dissolve  relatively  large  amounts  of  iron  with  ease  up  to 
100  mgrms.  of  iron  per  litre  in  the  form  of  iron  dicarbonate,  and  if  there  is  also  decomposing 
organic  matter  in  these  deep  strata,  such  as  peat,  &c.,  more  complex  iron  compounds  will 
be  formed  containing  organic  acids  (humic  acids)  and  accompanied  by  hydrogen  sulphide 
and  ammonia  from  the  decomposition  of  the  albumenoids  contained  in  such  organic 
matter.  In  these  deposits  there  is  sometimes  very  considerable  microbic  activity  and  pro- 
duction of  carbon  dioxide,  and  under  these  conditions  siderophilic  algce,  such  as  Crenothrix, 
Cklamydothriz,  and  Gallionella,  &c.,  often  develop  abundantly  even  in  the  iron  mains 
and  contribute  notably  by  their  anaerobic  vitality  to  the  attack  on  iron  minerals  and 
iron,  then  giving  up  the  iron  which  they  assimilate  to  the  water  in  the  form  of  soluble 
salts. 

Thus  during  the  action  of  air  on  such  ferruginous  water  as  contains  iron  in  the  state 
of  organic  combination,  the  oxygen  of  the  air  must  oxidise  the  organic  matter  before  it 
can  cause  the  separation  of  the  iron,  and  it  is  thus  comprehensible  how  the  separation  of 
the  iron  does  not  always  immediately  take  place  through  simple  aeration. 
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In  1891  Pifke  proposed  to  pass  the  aerated  water  over  layers  of  coke  or  flint,  thus  causing 
the  rapid  separation  and  precipitation  of  the  iron,  which  was  transformed  by  the  action 
of  the  air  into  ferric  hydroxide  in  a  state  of  colloidal  suspension. 

In  1898  Dunbar  and  Kryck  made  the  interesting  observation  that  the  action  of  the  coke 
or  pebbles  increased  with  the  increase  of  the  layer  of  hydrated  ferric  oxide,  which  is  deposited 
on  them.  This  iron  oxide  acts  in  fact  as  a  kind  of  catalyst,  absorbing  oxygen  from  the  air 
and  simultaneously  giving  it  up  to  the  oxidisable  matter  in  the  water  holding  iron  in  various 
compounds. 

Krohnke  actually  obtained  a  greater  activity  of  the  coke  from  the  commencem^it 
of  the  purification  by  previously  depositing  ferric  hydroxide  on  it  by  means  of  a  preliminary 
soaking  of  the  coke  in  ferric  chloride  and  calcium  hydroxide.  The  iron  hydroxide  thus 
sub-divided  enormously  increased  the  surface  of  contact  with  the  colloidal  hydroxide 
suspended  in  the  water  and  caused  its  separation  by  a  true  catalytic  action. 

About  10  grms.  of  ferric  chloride,  followed  by  60  to  100  grms.  of  calcium  oxide,  previously 
slaked  in  water,  may  also  be  first  added  directly  to  each  cubic  metre  of  the  water,  but 
during  deposition  the  alkaline  precipitate,  Fe(0H)3,  which  is  formed,  not  only  causes  the 
separation  of  the  dissolved  iron  salts,  but  also  a  portion  of  the  calcium  carbonate,  and 
carries  down  organic  matter,  colouring-matters,  &c.,  so  that  after  filtration  through  sand 
a  clear  and  colourless  water  results. 

In  1900  Schindowsky  showed  that  all  the  iron  may  be  separated  from  water  under  any 
conditions  by  adding  a  sufficient  excess  of  air,  and  then  in  1904-1908  Bock,  Deniss,  and 
Jacobi,  Halvor  Breda  and  Darapsky  devised  very  simple  and  convenient  closed  sand-fiUerSs 
sometimes  consisting  of  a  simple  iron  tube  inserted  in  the  pipes  which  lead  to  the  tank, 
into  which  the  water  to  be  purified  is  injected  imder  pressure,  together  with  an  excess  of  air, 
sometimes  up  to  40  per  cent,  of  the  volume  of  the  water  ;  the  velocity  of  the  water  is  then 
suitably  regulated  in  accordance  with  the  surface  of  the  filtering  mass  and  the  quantity  of 
injected  air.  In  this  way  not  only  is  the  iron  separated,  but  also  the  siderophilio  algae 
{see  above),  which  would  otherwise  flourish  and  multiply  in  the  tanks  and  mains,  thus 
causing  obstruction. 

Mertens  (1904  and  1907)  aerates  the  water  by  oentrifugation. 

MANGANIFEROUS  WATERS  are  frequently  found.  Some  years  ago  the  water  from 
the  aqueduct  at  Breslau  suddenly  became  very  manganiferous  through  the  presence  of 
MnS04 ;  this  water  became  brown  in  the  air  and  formed  brown  deposits.  Manganese 
and  iron  may  be  separated  from  ferruginous  waters  either  by  aeration  or  more  advantageously 
by  means  of  permutite  {see  above)  by  passing  it  through  filters  containing  a  layer  of  60  to 
80  cms.  of  artificial  zeoliih,  containing  dispersed  manganese  and  formed  by  Gans'  process 
by  first  melting  a  calcium  silico-aluminate  with  Mnds,  the  manganese  radical  of  which  is 
then  transformed  into  Mn207  by  treatment  with  sodium  or  calcium  permanganate  ;  then 
the  MnO  of  the  manganous  compoimds  in  the  water,  is  oxidised  by  the  Mn^O?  and 
separates  in  the  form  of  insoluble  Mn02  which  is  retained  by  the  filter.  When  the  "Mn^O^ 
has  given  off  all  its  active  oxygen  the  filter  is  exhausted,  but  may  be  reactivated  by 
regenerating  the  Mn207  ^7  solutions  of  sodium  or  calcium  permanganate.  This  purifica- 
tion costs  from  O'Zd,  to  0-5d.  per  cubic  metre  of  water.  The  separation  of  the  iron  is 
affected  by  the  same  zeolith  which  separates  the  manganese. 
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P.  106,  line  37.  Insert :  Colloids  also  have  the  property  of  adsorbing  liquids, 
such  as  water  or  salt  solutions,  in  quantities  not  directly  proportional  to 
the  concentration  of  the  dissolved  substance,  and  of  persistently  retaining 
the  adsorbed  substance,  without  combining  with  it  chemically  ;  thus 
both  the  adsorbing  and  the  adsorbed  substances  retain  their  fundamental 
properties.  Under  certain  circumstances  the  process  is  reversible.  The 
soil  retains  large  quantities  of  fertilising  salts  by  means  of  the  adsorptive 
capacity  of  its  colloidal  components  and  weighted  silk  similarly  retains 
large  quantities  of  inorganic  matter. 

P.  122,  line  32.  Insert :  The  emanation  from  radium  is  called  Niton,  and 
its  atomic  weight  has  been  found  to  be  222*4. 

P.  140,  line  10,  for  "  67  "  read  "  5-7." 

P.  140,  line  18  from  foot,  for  (Cl.SHjO)  read  (Cl^.SK^O), 

P.  167,  line  15,  for  Balard  in  1900  read  Balard  in  1830. 

P.  319,  line  7  from  foot,  for  140°  read  625°. 

P.  340,  line  18  from  foot.  Insert :  In  recent  years  the  Uebel  process  for  the 
continuous  production  of  nitric  acid  has  proved  very  successful.  This  is 
based  on  the  preparation  of  monosodium  disulphate  by  heating  the  ordinary 
disulphate  to  260°  and  over  with  sulphuric  acid  of  60°  B6. ;  water  is  evolved 
and  monosodium  disulphate  remains.  This  reacts  with  sodium  nitrate 
at  200"  to  form  sodium  disulphate  and  very  strong  (95  per  cent.)  nitric  acid  : 

(1)  NaHS04  +  HjjS04  +  xH^O  =  NaH3(S04)2  +  xH^O. 

(2)  NaH3(S04)2  +  NaNOjj  =  HNOa  +  SNaHSO^ 

In  practice  the  fused  monosodium  disulphate,  together  with  the  correspond- 
ing quantity  of  nitric  acid,  is  alternately  passed  into  one  or  other  of  two 
parallel,  horizontal  cylindrical  retorts  which  are  maintained  at  200°.  The 
pure  concentrated  nitric  acid  which  is  formed  at  this  temperature  is  col- 
lected separately  and  the  fused  disulphate  is  alternately  discharged  into  a 
single  cylindrical  pan  below,  the  temperature  of  which  is  maintained  at 
280°-300°;  the  remaining  nitric  acid  is  here  evolved  in  a  more  dilute  form  and 
is  collected  ;  a  certain  quantity  of  the  remaining  disulphate  is  rejected 
and  the  rest  passes  into  an  underlying  pan  in  which  it  is  treated  with 
sulphuric  acid  of  60°  B6.  at  300°^  it  then  loses  water  and  the  fused  mass 
of  monosodium  disulphate  which  is  produced  is  conveyed  to  the  upper 
cylindrical  retort  in  which  the  reaction  with  sodium  nitrate  again  takes 
place. 

P.  446,  line  12  from  foot,  for  60  cu.  metres  read  6000  cu.  metres. 

P.  514,  line  15  from  foot,  for  "  In  some  works  the  superphosphate  is  already 
discharged  after  twenty-four  to  thirty -six  hours  ..."  read  "  The  chambers 
are  now  usually  discharged  after  six  to  ten  hours  . 
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ADDITIONAL  STATISTICS 

The  production  of  Bbomine  in  the  United  States  was  500  tons  in  1909  and 
less  than  400  tons  in  1910. 

The  United  States  imported  585,000  lbs.  of  Crude  Iodine  in  1910,  of  the 
value  of  £226,400,  and  423,000  lbs.  in  1911  of  the  value  of  £168,400. 

The  United  States  consumed  269,000  short  tons  of  Hydeochloric  Acid 
in  1900  and  377,000  short  tons  in  1905. 

Germany  produced  450,000  tons  of  30  per  cent.  Hydrochloric  Acid  in  1910. 

The  United  States  imported  the  following  quantities  of  Sulphur  :  28,647 
tons  in  1910  and  24,250  tons  in  1911  of  the  value  of  £87,400,  and  exported 
30,742  tons  in  1910  and  28,103  tons  in  1911  of  the  value  of  £109,000.  England 
imported  21,000  tons  of  sulphur  in  1911,  of  the  value  of  £107,136. 

In  1910  the  United  States  produced  1,200,000  tons  of  Sulphuric  Acid, 
calculated  at  100  per  cent.;  England  produced  1,000,000  tons. 

The  United  States  produced  1617  short  tons  of  Antimony  in  1909  and  1598 
short  tons  in  1910  ;  England  imported  7326  tons  in  1909  and  9905  tons  of  the 
value  of  £175,205  in  1910. 

The  United  States  produced  65,000  tons  of  Nitric  Acid  in  1910  ;  Germany 
produced  about  1 10,000  tons  in  the  same  year. 

The  United  States  produced  1250  tons  of  White  Arsenic  (arsenious  oxide) 
in  1910,  and  3000  tons  in  1911.  They  imported  4000  tons  of  the  value  of 
£50,400  in  1910,  and  2500  tons  of  the  value  of  £32,000  in  1911. 

In  1911  the  Acheson  Graphite  Co.  produced  6000  tons  of  Artificlal 
Graphite,  of  which  England  imported  16,645  tons  in  1909,  and  16,386  tons, 
of  the  value  of  £222,249  in  1910.  The  United  States  imported  22,600  tons 
of  Graphite  in  1910,  and  18,500  tons,  of  the  value  of  £299,200,  in  1911. 

England  imported  20,300  tons  of  Boracite  and  Calcium  Borate  in  1911,  of 
the  value  of  £176,556. 

The  United  States  consumed  Stassfurt  Potash  Salts  of  the  value  of 
£840,000  in  1900,  £2,440,000  in  1910,  and  £3,040,000  in  1911. 

The  United  States  imported  190,000  tons  of  Potassium  Chloride  in  1910, 
and  250,000  tons,  of  the  value  of  £1,530,400,  in  1911. 

The  production  of  Potassium  Nitrate  in  India  is  now  only  21,000  tons,  of 
which  England  imported  11,200  tons,  of  the  value  of  £218,304,  in  1911.  The 
United  States  imported  5000  tons  of  Crude  Potassium  Nitrate  in  1910,  and 
3600  tons,  of  the  value  of  £53,000,  in  1911. 

The  United  States  imported  41,000  tons  of  Potassium  Sulphate  io  1910, 
and  58,000  tons,  of  the  value  of  £445,600,  in  1911. 

England  exported  7300  tons  of  Potassium  Cyanide  in  1909,  and  7800  tons, 
of  the  value  of  £633,329,  in  1910. 

Russia  produced  2,484,700  tons  of  Sodium  Chloride  m  1909.  England 
produced  1,818,500  tons  in  1909  ;  2,050,630  tons  of  the  value  of  £581,504,  in 
1910,  and  exported  515,443  tons  in  1909  ;  562,810  tons  in  1910,  and  604,630 
tons,  of  the  value  of  £487,280,  in  1911.  The  United  States  imported  143,000 
tons  in  1910,  and  138,000  tons,  of  the  value  of  £75,600,  in  1911,  the  United 
States  production  being  about  4,000,000  tons,  of  the  value  of  £1,580,068,  in  1910. 

England  imported  90,207  tons  of  Sodium  Nitrate  in  1909,  126,500  tons  in 
1910,  and  128,500  tons  in  1911.  The  United  States  imported  529,000  tons  in 
1910,  and  545,000  tons,  of  the  value  of  £3,362,800,  in  1911. 

England  exported  35,000  tons  of  Sodium  Sulphate  in  1909,  58,000  tons 
in  1910,  and  58,400  tons  in  1911,  of  the  value  of  £108,635. 

England  exported  101,000  tons  of  Sodium  Carbonate  in  1909  and  140,000 
tons  in  1910. 
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England  exported  229,500  tons  of  Sodium  Dicabbonate  in  1910,  and  260,000 
tons,  of  the  value  of  £130,909,  in  1911. 

England  exported  7700  tons  of  Ammonium  Chloride,  of  the  value  of 
£186,956,  in  1911. 

The  United  States  produced  116,000  short  tons  of  Ammonium  Sulphate 
in  1910,  about  127,000  short  tons  in  1911,  and  imported  92,300  short  tons  in 
1910  and  94,600  short  tons,  of  the  value  of  £1,013,200,  in  1911.  England 
exported  283,610  tons  in  1910,  and  291,883  tons  in  1911,  of  the  value  of 
£3,830,096. 

England  exported  3300  tons  of  Ammonium  Carbonate  in  1909,  and  3750 
tons,  of  the  value  of  £115,393,  in  1910. 

England  produced  11,811,122  tons  of  Limestone  in  1909  and  12,512,736 
tons,  of  the  value  of  £1,296, 169,  in  1910.  The  United  States  produced  3,500,000 
tons  of  Quicklime,  of  the  value  of  £2,800,000. 

The  United  States  produced  46,670  tons  of  Calcium  Fluoride  in  1908  and 
45,800  tons  in  1909.  England  produced  42,483  tons  in  1909,  and  61,621  tons, 
valued  at  £20,678,  in  1910. 

In  Norway  12,600  tons  of  Calcium  Nitrate  were  produced  from  the 
atmosphere  in  1909  and  13,531  tons  in  1910. 

England  produced  239,000  tons  of  Gypsum  in  1909,  and  255,560  tons,  of  the 
value  of  £98,242  in  1910.  The  United  States  produced  2,050,000  short  tons 
in  1910  and  2,150,000  short  tons,  of  the  value  of  £1,200,000,  in  1911. 

England  imported  11,800  tons  of  Calcium  Carbide  in  1909,  and  13,000  tons, 
of  the  value  of  £133,282,  in  1910.  The  United  States  exported  12,000  tons  in 
1910,  and  13,500  tons,  of  the  value  of  £165,600,  in  1911. 

England  imported  34,417  tons  of  Guano  in  1908,  20,321  tons  in  1909, 
20,395  tons  in  1910,  and  34,124  tons,  of  the  value  of  £193,000,  in  1911. 

England  imported  39,031  tons  of  Bones,  calcined  and  uncalcined,  in  1909, 
44,505  tons  in  1910,  and  45,876  tons,  of  the  value  of  £226,174,  in  1911. 

England  imported  451,807  tons  of  Phosphorite  in  1909,  455,593  tons  in 
1910,  and  493,413  tons,  of  the  value  of  £779,706,  in  1911.  The  United  States 
exported  1,083,000  tons  in  1910,  and  1,246,500  tons,  of  the  value  of  £1,847,000 
in  1911. 

Australia  consumed  12,000  tons  of  various  Fertilisers  twelve  years  ago  ; 
it  now  produces  100,000  tons,  and  imports  a  further  160,000  tons.  England 
produced  about  1,000,000  tons  in  1910  and  exported  141,422  tons  in  1909, 
152,512  tons  in  1910,  and  159,353  tons,  of  the  value  of  £393,602,  in  1911.  The 
United  States  consumed  2,000,000  tons  of  Superphosphates  in  1910.  France 
produced  1,600,000  tons  in  1909,  of  which  227,840  tons  were  exported.  Japan 
produced  350,000  tons  of  Superphosphate  in  1910. 

England  exported  218,813  tons  of  Basic  Slag  in  1909, 231,277  tons  in  1910, 
and  195,950  tons,  of  the  value  of  £195,500,  in  1911. 

The  United  States  produced  80,000  tons  of  Barium  Sulphate  in  1906, 
150,000  tons  in  1907,  and  54,000  tons  in  1908. 

The  United  States  produced  67,945  short  tons  of  Baryta  in  1909,  and 
42,975  short  tons  in  1910.  England  imported  40,000  tons  in  1909,  40,800 
tons  in  1910,  and  46,500  tons  in  1911,  in  which  year  it  exported  8420  tons. 

The  United  States  produced  277,065  short  tons  of  Zinc  in  1910,  and  292,700 
short  tons  in  191L  England  imported  102,576  tons  in  1909,  121,117  tons 
in  1910,  of  the  value  of  £2,781,220,  and  115,228  tons  in  1911. 

England  imported  1500  tons  of  Mercury  in  1909,  and  1550  tons,  of  the 
value  of  £401,000,  in  1910. 

England  imported  156,920  tons  of  Copper  in  1910,  and  166,131  tons  in  1911. 
It  exported  83,740  tons  in  1910  and  75,353  tons  in  1911.  The  United  States 
produced  450,000  tons  in  1910,  and  460,000  tons  in  1911. 
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The  United  States  produced  12,000  tons  of  Coppeb  SuiiPHATB  in  1910,  and 
15,000  tons  in  1911,  and  exported  3500  tons  in  1911,  of  the  value  of  £63,800. 
England  exported  42,706  tons  in  1910  and  79,831  tons,  of  the  value  of  £1,509,000, 
in  1911. 

The  United  States  produced  7700  tons  of  Alum  in  1908,  8500  tons  in  1909, 
and  8250  tons  in  1910,  of  the  value  of  £60,000. 

The  United  States  produced  90,000  tons  of  Aluminium  Sulphate  in  1908, 
105,000  tons  in  1909,  and  115,000  tons,  of  the  value  of  £500,000,  in  1910.  England 
exported  11,125  tons  in  1909  and  13,000  tons,  of  the  value  of  £56,525,  in  1910. 

Denmark  produced  115,000  barrels  of  Cement  in  1889,  1,560,000  barrels 
in  1908,  of  which  380,000  were  exported,  and  2,600,000  barrels  in  1910. 
England  exported  598,253  barrels  in  1909,  and  753,817  barrels,  of  the  value  of 
£1,062,345,  in  1910.  The  United  States  produced  77,785,000  barrels  in  1910 
and  imported  58,462  barrels  in  1910,  and  32,760  barrels  in  1911  ;  they  ex- 
ported 2,476,000  barrels  in  1910  and  3,135,000  barrels  in  1911,  of  the  value  of 
£926,400. 

England  imported  41,752  tons  of  Tin  in  1909,  46,285  tons  in  1910,  of  the 
value  of  £7,159,782,  and  45,906  tons  in  1911,  and  evaporated  11,194  tons 
(unworked)  in  1909,  and  12,377  tons  in  1910. 

The  United  States  produced  393,704  short  tons  of  Lead  in  1910  and 
402,281  short  tons  in  1911.  England  imported  207,660  tons  in  1909,  218,936 
tons  in  1910,  of  the  value  of  £2,834,000,  and  213,704  tons  in  1911  ;  it  ex- 
ported 46,906  tons  in  1909  and  45,576  tons  in  1911. 

England  imported  15,850  tons  of  White  Lead  in  1909,  14,435  tons  in  1910, 
and  16,750  tons,  of  the  value  of  £283,747,  in  1911  ;  it  exported  to  the  value 
of  £367,647  in  1909,  £401,900  in  1910,  and  £422,636  in  1911. 

England  exported  4725  tons  of  Sodium  and  Potassium  Dichromates  in 
1909,  5250  tons  in  1910,  and  4300  tons,  of  the  value  of  £119,751,  in  1911. 

The  world's  production  of  Ferrosilicon  in  1910  was  30,000  tons,  of  which 
one  half  was  consumed  in  the  United  States. 

The  United  States  produced  350,000  tons  of  Ferromanganese  in  1910, 
and  imported  140,000  tons. 

Germany  produced  25,000,000  tons  of  Iron  Ore  in  1909,  of  the  value  of 
£4,800,000.  The  United  States  produced  53,000,000  tons  in  1909,  54,200,000 
tons  in  1910,  and  41,816,470  tons  in  1911.  England  produced  14,800,000  tons 
in  1909,  and  15,226,000  tons  in  1910,  of  the  value  of  £4,022,269. 

In  1910  England  produced  10,547,000  tons  of  Cast  Iron,  the  United 
States  27,737,000  tons,  Germany  14,794,000  tons,  France  4,001,000  tons  ; 
Russia,  3,040,000  tons ;  Austria-Hungary,  1,991,000  tons,  and  Belgium 
1,804,000  tons. 

In  1910  England  produced  3500  tons  of  Nickel,  and  Germany  4500  tons. 
The  United  States  produced  11,000  tons  in  1909  and  12,000  tons  in  1910.  The 
world's  production  was  17,310  tons  in  1909  and  20,100  tons,  of  the  value  of 
£3,300,000,  in  1910. 

Russia  produced  1742  kilos,  of  Platinum  in  1908  and  5442  kilos,  in  1910. 
The  United  States  imported  platinum  to  the  value  of  £664,200  in  1910  and 
£964,600  in  1911.  England  imported  to  the  value  of  £96,926  in  1909  and 
175,516  in  1910. 
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Aalbobo  kilns,  593 
Abraham,  261 
Abraumsalze,  405 
Absolute  pressures,  26 

.   zero,  25,  69 
Absorber,  474 
Absorption,  coefficient  of,  70,  71 

of  gaseous  mixtures,  71 

of  gases,  70-73 

spectra,  55-57 
Accumulators,  421,  422 
Acetylenes,  Chlorinated,  379 
Acheson,  360,  398 
Acid  eggs,  264,  265 

elevators,  264,  265 
Acids,  19,  92 

action  of  strong,  94 
on  bases,  423 
on  metals,  422 

behaviour  of  weak,  238,  239 

heat  of  formation  of,  98 
Acker,  147,  439 

alkali  process,  451 
Actinium,  121-125 

X,  A,  &c.,  124 
Active  mass,  65 

state  of  chromium,  619 
Addie  and  Mond,  484 
Adiabatic  transformations,  53 
Affinity,  chemical,  1,  69,  70 
Agate,  399 

Agricola,  14,  137,  635 
Air,  atmospheric,  289-292 

Composition  of,  289-290 

gas,  393 

Liquid,  see  Liquid  Air 

Prehistoric  composition  of,  290 
Alabaster,  486,  496 

Oriental,  492 
Albite,  575 
Albright,  316 

and  Wilson,  314 
Alchemistic  symbols,  41 
Alchemy,  13 
Alcoholimeters,  75 
Aldebaranium,  604 
Algaroth,  powder  of,  332 
Alite,  585 
Alkali  earth  metals,  486 

earth  metals,  colloidal,  105 

electrolytic,  445-^51 

hypochlorites,  456 

metals,  423 

Colloidal,  105 

waste,  471 

Treatment  of,  472,  473 
Allegri,  514 

Allotropic  forms  of  metals,  408 
Allotropv,  120,  186 
Alloys,  Electric  conductivity  of,  412 

Fusible,  617 

Melting-point  of,  412,  413,  617 

MetaUic,  410-414 
Alumina,  571,  572 


Aluminates,  572 
Aluminite,  574 
Aluminium,  567-^71 

alloys,  669 

amalgam,  669 

Applications,  569,  570 

brass,  669 

bronze,  569 

chloride,  573,  574 

compounds,  671-603 

hydroxide,  572-573 
colloidal,  11/4 

lamp,  669 

Manufacture,  567,  568 

metahydroxide,  572 

oxide,  571-672 

Prices  and  statistics,  570,  571 

Properties,  568,  569 

silicate,  675 

smelting  furnace,  568 

sulphate,  674 

Treatment  of  water  by,  219 
Alumite,  674 
Alums,  111,  674 
Amagat,  23 

Amalgamation  silver  extraction  processes,  665 
Amalgams,  414 
Amicroscopic  particles,  103 
Aminophosphoric  acid,  348 
AminoBulphonic  acid,  285 
Ammonia,  321-327 

Analytical  tests,  326 

Applications,  prices  and  statistics,  327 

Aqueous,  326 

Chemical  properties,  322,  323 

Formation,  321 

ice  machine,  231,  232 

Industrial  preparation,  323-326 

liquid  (anhydrous),  326,  327 

Occurrence,  321 

Phvsical  properties,  321,  322 

soda  process,  473-476 

Specino  gravity  tables,  322 
Ammonium,  322,  482,  483 

amalgam,  483 

bicarbonate,  486 

carbamate,  486 

carbonate,  486 

chloride,  483 

chloroplatinate,  486 

dicarbonate,  485 

fluoride,  483 

heptamolybdate,  622 

hydrogen  fluoride,  483 
tartrate,  486 

hydrosulphide,  486 

hj^ponitrite,  486 

metal,  483 

metavanadate,  356 

molybdate,  622 

nitrate,  308,  486 

nitrite,  485 

persulphate,  466,  484,  485 

phosphates,  485 
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Ammonia*  phosphomolybdate,  347 

platinichloride,  659 

polysulphides,  486 

salts,  general  reactions,  486 

sesquicarbonate,  485 

sulphate,  301,  323-326,  366,  484 

sulphide,  485,  486 
Amperage,  417 
Ampdre,  33,  138 

The,  416 
Amorphous  substances,  113 
AmpMbolites,  524 
Amsler  and  Laffon  press,  598 
Analysis,  44 

Volumetric,  96-97 
Anatase,  401 
Anaxagoras,  11 
Anaximenes,  11 
Anderson  process,  221 
Andreoli,  147,  188 
Andrews,  28,  29,  68,  184,  185 
Angeli,  558 
Anglesite,  610,  614 
Angot,  Woikoff  and,  291 
Anhydrite,  486 
Animal  charcoal,  369 

membrane,  Behaidour  of,  77 

oil,  325 
Anions,  91,  92 
Anisotropy,  113 
Anneller,  188 
Annoni,  L.,  606 
Anode,  91 
Anodic  rays,  123 
Anomalies  in  cryoscopy  and  ebullioscopv   87, 

88 
Anord,  185 

AnseU's  apparatus,  380 
Anthracite,  365 
Antichlor,  464 
Anti-friction  metal,  320 
Antimonates,  354 
Antimonic  acid,  355 

anhydride,  354,  355 
Antimonious  hydroxide,  354 

oxide,  354 
Antimonium  crudum,  320 
Antimony,  319-320 

Applications  and  statistics,  320 

Butter  of,  332 

Cinnabar  of,  355 

Explosive,  320 

Flowers  of,  354 

fluoride,  332 

hydride,  331 

oxides  and  acids,  354 

oxychloride,  332 

pentachlorid^,  332 

pentasulphide,  355 

pentoxide,  354,  355 

salt,  332 

tetroxide,  354 

trichloride,  332  \ 

trioxide,  354      ;' 

trisulphide,  3o5 
Antimony],  354 

hydroxide,  354 
Antiozone,  188 
Antitheses,  Rule  of  the,  64 
Apatite,  508 
Aqua  regia,  159,  339 
Aqueducts,  213,  214 
Aquinas,  Thomas  of,  13 
Aquo  salts,  656 


Arab  chemistry,  13 
Arago,  23,  558 
Archbutt,  441 
Archimedes,  12 

Principle  of,  73 
Archer,  Fry  and,  559 
Arenolite,  581,  582 
Argentite,  553 
Argon,  49,  51,  288,  311,  312 
Argyrodite,  605 
Aristotle,  12 
Amois,  255 
Arnold,  183,  235 
Arragonite,  491 
Arrhenius,  83,  88,  91,  120 
Arsenates,  352 
Arsenic,  318,  319 
'*  Arsenic."  see  Arsenious  oxide 

acid,  352 

Amorphous,  319 

anhydride,  352 

disulphide,  352,  353 

from  pyrites  burners,  267 

hydride,  330,  331 
Solid,  331 

oxide,  352 

oxides  and  acids  of,  349 

pentachloride,  354 

pentasulphide,  353 

pcntoxide,  352 

poisoning,  detection  of,  360,  361 

removal  of  from  pyrites  burner  gases,  278 

sulphides,  352 

Sulphosalts  of,  353 

tribromide,  332,  353 

trichloride,  331,  332,  353 

trifluoride,  332 

tri-iodide,  332,  353 

trioxide,  349-351,  see  also  Arsenious  oxide 

trisulphide,  353 

White,  see  Arsenious  oxide 

Yellow,  319 
Arsenical  pyrites,  318 
Arsenides,  319 
Arsenious  acid,  361,  362 

oxide,  349-351 

Detection  of,  350,  361 
Manufacture,  349,  350 
Properties,  350,  361 
Statistics  and  prices,  351 
Arsenites,  351 

Arseniuretted  hydrogen,  330,  33 1 
Arsine,  330,  331  ^ 

Artesian  wells,  210 
Artificial  bricks,  581,  582 

gold,  610 

sodium  zeolith,  667,  663 

tUes,  581,  682 
Asbestos,  524,  525 
Aspdin,  J.,  585 
Association,  87 
Asymptotes,  24 
Atlas  Cement  Co.,  594 
Atmosphere,  Height  of,  291 

New  gases  of  the,  311 

Temperature  of,  291 
Atmospheric  air,  289-292 

Products  Co.,  303 
Atomic  heat,  108-110 

hydrogen,  129 

theory,  21,  22 
Origin  of,  12 

volumes,  408 

vortices   119 
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Atomio  weight.  Determination  of,  110-120 
Calculation  of,  36 
and  equivalents,  47 
Oxygen  as  standard  of,  120 
table  of,  42 
Atoms,  21 
Atoms  and  molecules,  32 

Evolution  of,  120 

Structure  of,  123 
Auer  mantle,  393 
Auer  von  Welsbach,  403 
Auger,  169,  604,  658 
AuKustin's  silver  process,  555,  556 
Auklam,  667 
Auric  acid,  566 

chloride,  566 

compounds,  ^65,  566 

oxide,  666 
Aurocyanide,  Potassium,  565 
Aurous  chloride,  565 

compounds,  565 

iodide,  565 

oxide,  565 

sulphide,  566 
Aussig.  Ohemico -Metallurgical  Co.,  of,  448 
Austenite,  643 

Autogenous  welding,  129,  135 
Automatic  water  softening  plant,  220,  221 
Averani  and  Targioni,  358 
Avicenna,  14 
Avogadro,  33 

Avogadro's  hypothesis,  32,  33,  38,  79,  88 
Axes,  Orthogonal,  24 
**  Az,"  287 
Azobactcrium,  302 
Azoimide,  327,  328 

iodide,  328 
Azote,  287 
Azo to  bacteria,  302 
Azotophagic  bacteria,  302 
Azurite,  540,  549 
a- rays,  122-124 
a- particles,  122-124 

Babo,  Von,  81 

Bacon,  Francis,  5,  14 

Bacteria,  Coal -producing,  363 

Bacterial  production  of  nitrogen,  288,  289 

sewage  purification,  106,  222-224 
Badische  Anilin  u.   Soda  Fabrik«   142,   147, 

276-280,  306,  307,  323,  449 
Baker,  208 

Balance,  Mohr-Westphal,  73,  74 
Balard,  148,  170 
Baldamus,  392 
Ball  mills,  512,  588,  589 
Balloon,  experimental,  291 
Balloons,  130 
Bancroft,  113 
Barium,  521 

carbonate,  523,  524 

carbonate  water-softening  process,  664 

chloride,  522 

chromate,  622 

hydride,  521 

hydroxide,  621,  522 

water-softening  process,  666 

nitrate,  522 

oxide,  521 

peroxide,  622 

persulphate,  523 

platinocyanide,  660 

salts  of  polythionic  acids,  286 

8ulphate,l522,  523 


Barium  sulphide,  623 

Barometric  pressure,  289 

Barruel,  152 

Bartel,  79 

Barytes,  622 

Bases,  10,  44,  92,  93,  422,  423 

Action  of  strong,  94 

MoleciUar  weight  of,  80 

Mono-  and  polyacid,  46,  46 
Basic  lining,  637 

salts,  423 

slag,  609,  637 

Analysis  of,  611,  612 
Basil  Valentine,  13,  137,  168,  189,  247 
Basso  and  Faure,  464 
Bastian,  636 
Bauer,  393 
Baumann,  151,  182 
Baum6  hydrometer,  74-77 
Baumert,  186 
Bauxite,  667,  671,  672 
Bayen,  18,  173,  289 
Bayley,  480 
B^,  see  Baum6 
Bearings,  Alloys  for,  413 
Beauflls,  Pritsche  and,  393 
Becher,  15 
Beck,  74,  75,  77 
Becker,  581 
Beckmann,  84-86 

boiling-point  apparatus,  84-86 

melting-point  apparatus,  86 
Beckton  ammonia  column,  324 
Becquerel,  121,  661 

rays,  122-124 
Beet  sugar  residues,  323 
Behrend,  243 
Beins,  383 
Belite,  686 
Bell,  Graham-,  202 
Bell  metal,  647 
Belou,  133 
Bennet,  659 
Benzene,  138 

from  coke,  366 
B^renger-Stingl  process,  665 
Bemouilli,  7,  37 
Berthelot,  58,  59,  61,  62,  64,  69,  70,  90,  187 

312,  394,  466 
Berthelot's  bomb  calorimeter,  59 

laws  of  thermochemistry,  59 
Berthier,  360,  371 

BerthoUet,  20,  62,  63,  93,  119,  142,  321 
Bertrand,  459 
Beryl,  629 

Beryllium,  see  Glucinum 

Berzelius,  20,  31,  32,  33,  42,  43,  44,  45,  68,  67, 
68,  119,  142,  201,  208,  252,  276,  376,  401, 
403 
Bessemer,  Henry,  636,  644 

converter,  542,  636,  636 

process,  636-637 
Betts,  150 
Beyerinck,  289,  302 
Bigelow,  68,  79 
BiUitzer,  104,  106 
Billon- Daguerre,  217 
Binet  de  Jassoneix,  404 
Binks,  144 
Binz,  466 

Biological  sewage  purification  process,  223,  224 
Biot,  111 

Bird,  Hargreaves  and,  147 
Birkeland,  304,  309 
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Birkeland-Eyde  process,  304-306,  495 
Bironguccio,  636 
Bischoff's  coefficient,  576 
Bismuth,  616^18 

compounds,  618 
Bismuthine,  616,  618 
Blaoher,  665 
Black,  15,  23 
Black  ash,  470 

furnaces,  468-470 
Black  copper,  543 

lead,  see  Graphite 

potassium  pnissiate,  651 

salt,  471 
Blasden,  18,  85 
Blake  crusher,  511 
Blast  furnace,  629-633 
Bleaching,  141 

Electrolytic,  458 

flour,  146 

powder,  493-495 
Analysis,  495 
Manufacture,  493-494 
Properties,  494,  495 
Uses,  prices,  statistics,  495 

salts,  456 
Blende,  530 
Blister  copper,  542 
Bloch,  190,  240 
Blomstrand,  138 
Blood  as  catalyst,  67 

Catalase  of,  106 

Gases  dissolved  in,  71,  72 
Blue  acid,  253,  254 

vitriol,  see  Copper  sulphate 
Blum,  Gruneberg  and,  324 
Bock,  668 

Bockel,  Miiller  and,  153 
Bodies,  1,  2 
Boghead  coal,  365 
Bohemian  glass,  499 
Bohlig,  219 
Bohm,  503 
Boiler  feed  water,  217 

scale,  218 
Boiling-points  of  aqueous  solutions  (Table), 

207 
of  salt  solutions,  81,  88-90 
Boirault,  153 
Boiling,  399 
Boltzmann,  78 
Bomb,  Berthelot*s,  59 
Bonde,  592 
Bone  ash,  313 

black,  313,  509 

charcoal,  313,  369 

crushers,  513 

meal,  509 

superphosphate,  509 
Bones  as  manure,  508,  509 
Borchers,  503 
Borgo,  Bnini  and,  240 
Boracic  acid,  405,  406 
Boracite,  404 
Borax,  406,  479,  480 
Boric  acid,  405,  406 

anhydride,  405 
Borocalcite,  404 
Boron,  404,  405 

Atomic  heat  of,  109,  110 

carbide,  407 

chloride,  406 

fluoride,  406 

hydride,  405 


Boron  iodide,  406 

nitride,  404,  406,  407 

phosphide,  407 

sulphide,  407 

trioxide,  405 
Boronatrocalcite,  480 
Bottger,  317,  653 
Bottle  glass,  498 
Bottomley,  302 

Boussingault,  180,  290,  301,  507 
Boyle,  15,  16,  68,  289 
Boyle's  law,  22-24,  38,  80,  130 
exceptions  to,  40,  41 
Bradley,  303 
Bradley  and  Jacobs,  314 
Bradolytes,  94 
Brandenburg,  R.,  600 
Brandt,  14,  313,  318 
Brass,  647 

Brauer,  Ostwald  and,  342 
Brauner,  203 
Braunite,  624,  625 
Breal,  301 
Breda,  Halva,  668 
Bi^dig,  104,  105,  106 
Bredy,  78 

Brennofenanstalt  Hamburg,  594 
Bresciani,  Francesconi  and,  335 
Brick  kilns,  579,  680 
Bricks,  677,  679,  580 

Artificial,  581,  682 
Brin  Brothers,  180,  182 
Brine  for  ice  manufacture,  232 
Briquettes,  369,  370 
Britannia  metal,  320 
Brittleness  of  metals,  409 
Brix  alcoholimeter,  75 
Brody,  359 
Brody's  graphite,  360 
Bromides,  148 
Bromine,  148-150 

Dissociation  of,  40 

hydrate,  148 

Industrial  preparation,  149-150 

Laboratory  preparation,  149 

Occurrence,  148 

Properties,  148 

Statistics  and  prices,  149 

Uses,  148 

water,  148 
Bronncr,  616 
Bronze,  547 
Brookite,  401 
Brown  lead  oxide,  613 
Brownian  movement,  103 
Bruckner  rotary  furnace,  556 
Bnignatelli,  652 
Brunck,  306 
Brunck,  Fr.,  366 
Bnini,  240 

Bruyns,  Lobry  de,  103,  327 
Bucca,  685 
Buff,  35 
Buisine,  256 
Bullacke,  330 
BuUier,  604 

Bunsen,  39,  54.  56,  66,  71,  126,  131,  290,  330, 
487,  525,  667 

burner,  377 

cell,  422 

valve,  143 
Bunsonite,  653 
Burnt  alum,  575 

magnesia,  525,  526 
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Burnt  pyrites,  133,  255 

as  contact  mass,  280-283 
Burri,  288 
Bussy,  525 

Butter  of  antimony,  332 
of  tin,  609 

C.G.S.  system  of  units,  26 
Cacodyl,  331 

oxide,  331 
Cadmium,  533 
bromide,  534 
chloride,  534 
hydroxide,  534 
iodide,  534 
oxide,  533 
sulphate,  534 
sulphide,  534 
CcBsium,  438,  439 

chloroplatinate,  439 
halides  and  polyhalides,  438 
Cahen,  317 
Cahours,  185 
CaUletet,  23,  29,  127,  173 
Caking  coal,  364 
Calamine,  530,  532 
Calcar,  van,  103 
Calcarelli,  196 
Calcaroniy  196 
Calcite,  491 
Calcium,  486,  487 
bromide,  492 
carbide,  533 

Analysis,  505,  506 
Manufacture,  504 
Statistics,  505,  506 
carbonate,  490-492 
chloride,  492 
cyanamide,  309-311 
dicarbonate,  491 
disulphite,  496 
ferrocyanide,  652 
fluoride,  492,  493 
hydride,  487 
hydroxide,  489,  490 

Analysis,  489,  490 
hyx>ochlorite,  493-495,  see  also  Bleaching 

powder 
iodide,  492 
nitrate,  495 
Basic,  495 

Electric  manufacture,  304-306 
nitride,  487 

nitrite,  electric  manufacture,  307, 495, 496 
oxide,  487-490 

Analysis,  489,  490 
Properties,  489 
peroxide,  490 
phosphates,  506 
phosphide,  328 
plumbate,  613 
silicate,  497 
silicide,  399 
sulphate,  496,  497 
sulphide,  496 
sulphite.  496 
Calcspar,  486 
Calder  tubes,  632 
Caliche,  458 
Calmette,  288 
Calomel,  537 
Calorie.  49,  59 
Calorific  power,  58,  371-374 

power  of  combustibles  (Table).  372 


Calorific  unit,  59 
Calorimeter,  107 

Berthelot*8,  59 
Calorimeters,  371-373 
Calx,  16 
Cambi,  651 
Canal  rays,  123 
Candlot,  586 
Cannel  coal,  365 
Cannizzaro,  33,  40 
Capacity  for  combination,  46 

for  saturation,  46 
Capillary  phenomena,  76,  81 
Cappet,  De,  85 
Caput  mortuum,  648 
Carat,  359 
.Carbon,  367-375 

Allotropic  forms,  867,  358 

Amorphous,  365 

and  oxygen,  thermochemical  behaviour 

of,  391 
Atomic  heat  of,  109,  110 
black,  133 
Compounds,  376 
dioxide,  379-^90 

Analysis  of  liquid,  390 

Apparatus  for  saturating  with,  228 

Applications  of,  388,  380 

Diffusion  of,  102 

ice  machines,  233 

Industrial  preparation  of  liquid,  382- 

388 
Occurrence,  379 
Preparation,  379 
Prices  and  statistics,  389,  390 
Properties,  379-382 
Solid,  388 
disulphide,  396,  396 

Industrial  manufacture,  396,  396 
Uses,  396 
Fossil,  363 
Gas,  363 
roup,  367 
(letallic,  366 
monosulphide,  396 
monoxide,  390-394 
flame,  128 
Preparation,  392 
Properties,  390-391 
oxysulphide,  397 
Occurrence,  367 
Properties,  357-368 
Retort,  365 
suboxide,  394 
tetrachloride,  378,  379 
Carbonado,  358 
Carbonating.  471 
Carbonic  acid,  381,  382 

gas,  see  Carbon  dioxide 
anhydride,  see  Carbon  dioxide 
Carbonyl,  394 

chloride,  394 
Carborundum,  398,  399 
Carlette,  151 . 
Carlson,  310 

Carmichael  lead  process,  611 
Camallite,  424,  428,  525 
Carnot,  52 

Carnot's  cycle.  52,  53.  130 
Caro,  F.,  308,  309,  365 
Caro,  Frank  and,  326,  342 
Caron,  403,  466 
Caro's  acid,  286 
reagent,  286 
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Carr  disintegrator,  516 

Carrara,  G.,  632 

Carr6,  321 

Carry's  ice  machine,  231 

Carrick  and  Wardale,  469 

Cart,  644 

Cartier  hydrometer,  77 

Cassiopeium,  604 

Cassiterite,  605,  608 

Cassius,  purple  of,  566 

Cast  iron,  628 

steel,  628,  638 
Castner,  147,  439,  440,  446 

alkali  process,  447 

cyanide  process,  437 
Catachromy,  561 
Catalase,  67,  106 
Catalysis,  63,  64,  68,  106 
Catalysts,  64,  68 

negative,  68,  69 

J)roducing  sulphur  trioxide,  273,  276,  280 
ytic  action,  63,  64,  68,  92,  106 
of  colloids,  103 

phenomena,  67-69 

poisons,  280 
Catatype  process,  560,  661 
Cathode,  91 

rays,  122 
Cathodic  hydrogen,  127 
Cations,  91,  92 

Cavendish,  16, 18, 130, 131,  207,  289,  303,  312 
Cederjcreutz,  Lunge  and,  506 
Celestine,  520 
Celite,  585 
Cells,  Vegetable,  80 
Cement,  Hydraulic,  582-584 

Natural,  583 

Portland,    584-603,    ate    also    Portland 
cement 

Roman,  583 

Slag,  597 
Cementation  copper,  544,  545 

steel,  628.  638 
Cementite,  643 

Centesimal  hydrometers,  74,  75 
Ceramic  industry,  675-680 
statistics,  680 

materials,  576,  577 
Cerite,  604 
Cerium;  604 

oxide,  403 
Cermak-Spirek  furnaces,  535 
Cerrano,  C.  and  U.,  584 
Cerrano,  G.,  584 
Cerussite,  614 
Chalcedony,  379 
Chalcopyrite,  540 
Chalcosinc,  540,  549 
Chalk.  486,- 491 
Chameleon,  mineral,  625 
Chamotte,  576 
Chance,  468,  473,  602 
Chancel,  201,  316 
Chancourtois,  661 
Charcoal,  animal,  369 

bone,  369 

wood,  368,  369 
Charitschkoff,  235 
Charpy,  359,  641 
Chella,  Occhialini  and,  533 
Chemical  affinity,  1 

energy,  1,  58 

equations,  67 

equilibria,  62-67 


Chemical  equivalents,  19,  21 

fertilisers,  506-519 
statistics,  507 

formluas,  43,  44 

harmonica,  128 

potential,  1 
Chemische   Fabrik  Griesheim-Elektron,  445. 

448 
Chemistry,  History  of,  9-18 

Pneumatic,  15 

Rise  of  modern,  16-18 

Scope  of,  2 
Chili  saltpetre,  458 
Chimney  gases.  Analysis  of,  374,  375 
China,  Chemistry  in  ancient,  9,  10 
Chlorauric  acid,  566 
Chloric  acid,  171,  172 
Chloride  of  lime,  see  Bleaching  powder 
Chlorinated  organic  compounds,  141 
Chlorine,  16,  140-148 

Analysis,  147,  148 

Applications,  141,  142 

as  disinfectant,  141 

Chemical  properties,  140,  141 

Compressed,  141 

cylinders,  147 

dioxide,  171 

Electrolytic  manufacture  of,  147,  148 

hydrate,  140,  147 

Industrial  manufacture.  143-147 
from  air  and  HCl,  145 

and  chlorides,  146 
from  MnOg  and  Ha,  143-145 

Laboratory  preparation,  142 

Liquefaction  of,  27 

Liquefied,  141,  142 

Liquid,  147 

monoxide,  170 

Occurrence,  140 

Oxygen  compounds  of,  170 

Physical  properties,  140 

Physiological  action,  141 

Prices,  142 

Statistics,  142 

tetroxide,  171 

Utilisation  of,  446 

water,  140 
Chlorodiaquotetramminocobalt  chloride,  656 
Chlorophosphoric  amide,  348 
Chlorophyll,  381 
Chloroplatinic  acid,  660 
Chloroplatinous  acid,  660 
Chloropurpureorhodium  chic  ride,  657 
Chlorosulphonic  acid,  284 
Christofle,  653 
Chromates,  Alkali,  621,  622 
Chrome  alum,  620 

green,  620 

iron  ore,  619,  620 

red,  622 

yellow,  622 
Chromic  acid.  Derivatives  of,  620-622 

anhydride,  621 

chloride,  620 

fluoride,  620 

hydroxide,  620^621 

oxide,  619,  620 

sulphate,  620  « 

Chromite,  619 
Chromites,  620    ••• 
Chromium,  619 
group,  619 
oxycnloride,  622 
Chromous  chloride,  619 
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Chromous  compounds,  619 

liydroxide,  619  • 

sulphide^^tn^         * 
Chromyl  chloride,  622 
Chrysoberyl,  629 
Chrysotile,  624 
Ciamician,  64,  120 
Cingolani,  216,  288 
Cingolani,  Paterno  and,  667,  668 
Cinnabar,  634,  639 

of  antimony,  366 
Clapeyron's  equation,  63 
Claude.  G.,  134,  182,  290,  296,  312 
Claude's  processes  of  fractionating  liquid  air, 

298-300 
Claudetite,  349 
Glaus,  473 

kUn,  324 
Clausius,  6,  33, 37,  38,  41,  52,  69,  101 
Clay,  Common,  667,  575 

Ripening  of,  106 
Cleavage  planes,  113 
Clement,  262,  254 
Clemm,  281 
Clinker,  693 
Coal,  Agglomerated,  369,  370 

Analysis,  374 

as  source  of  heat,  370-375 

Boghead,  365 

Calorific  power  of,  371-373 

Cannel,  366 

Common,  364.  365 

Sampling,  371 

Statistics,  361,  362 
CH>al-mining,  362,  363 
Coarse  earthenware,  677 

metal,  642 
Cobalt,  16,  664 

alums,  664 

enamels,  654 

nitrate,  664 

silicate,  664 

sulphate,  664' 
Cobaltic  oxide,  664 
Cobaltine,  654 

Cobaltipotassium  nitrite,  664 
CobaltouB  chloride,  664 

cobaltic  oxide,  654 

hydroxide,  664 

oxide,  664 
C^ockeriU,  630,  632 
Coefficient  of  absorption,  70,  71 

of  solubility,  70,  71 
Coehn,  182 

Cofietti,  Maderna  and,  461 
Cohen,  320 
Coke,  365-^68 

oven  gas,  368 

ovens,  366-368 

Statistics,  368 
Colcothar,  276,  648 
Cold  storage  industry,  234 
Colemanite,  404 
CoUargol,  106 
Collet  and  Eckart,  484 
Cxjllie,  312 

CoUimating  lens  (spectroscope),  66 
CoUoidal  gold,  103-106 

metals  as  catalysts,  67 

palladium,  127 

platinum,  106 

tungsten,  106 
Colloids,  102-106 

Coagulation  of.  104,  105 


Colloids,  Electrical  charge  of.  104 

Protective,  104^  106 
Colour  of  ions,  101 

photography,  661 
Columbium,  366 

chloride,  366 

fluorides,  366 
Columbite,  356 
Combining  weights,  21,  47 
Combustible  substances,  141 
Combustibles,  360,  361 

Analysis  of,  374 

Calorific  power  of  (Table).  372 
Combustion,  174 

Lavoisier  on,  16,  17 

of  chlorine  in  hydrogen,  128 

of  hydroffen  in  air,  128 

Nature  of,  15 

Supporters  of,  141 
Common  alum,  674 

salt,  see  Sodium  chloride 
Complete  equilibrium,  114 
Complex  ammonium  salts,  666,  666 

ions,  96 
Components  of  phases,  114 
Composition,  percentage  and  formula.  44 
Compressibility  of  liquids,  72 
Concentration  of  sulphuric  acid,  268-271 

Displacement  of  equilibrium  by,  64 

Mass,  62,  63 

product,  662 
Concrete,  601 
Condorcet,  173 
Condensed  system,  114 
Conductivity,  Electric,  91,  126 

Electric,  of  alloys,  412 

of  electrolytes,  99 

Specific,  417 

and  equivalent,  99 

Thermal,  126 
Conductors  of  the  first  class,  409 

Electric,  91 

Classes  of,  91 
Confucius,  10 
Congreve,  316 
Conservation  of  energy,  4,  122 

of  mass,  7,  8,  19 
Constant,  Dielectric,  92 

of  osmotic  pressure,  80 

proportions.  Law  of,  20,  2] 
Constants,  Ebullioscopic,  83 
Constant  ine,  11 
Constitutional  formulae,  48 
Contact  substance,  145 
Continuous  spectra,  63,  64 
Co-ordination  number,  666 
Coppadoro,  165 
Copper,  640-648 

Alloys,  547 

Applications,  646,  647 

Black,  643 

Blister,  642 

carbonate,  basic,  649 

Cementation.  544,  646 

compounds,  general  reactions  of.  553 

Extraction,  640-646 

ferrocyanide  membranes,  77 

hydroxide.  549 

hydroxyammoniate,  646 

matte.  642 

nitrate,  649 

oxide,  549 

Properties.  546 

Refining.  543,  644 
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CJopper,  siiver,  and  gold,  640 

Statistics  and  prices,  647,  648 

sulphate,  549-661 

applications  and  statistics,  651 
sulphide,  552,  653 

Transmutation  of,  124,  126 
Coppola,  F.,  687 
CJorduri^,  554 
CoryuscloB,  blood,  80 
Corrosive  sublimate,  638 
Corsini,  216 
Cort,  630 

Corundum,  567,  671 
Coulomb,  The.  416 
Courbelle,  392 
Courtois,  160 
Cowles  Brothers,  567 
Co\*per,  Alfred,  632 
Cowper  stove,  631,  632 
Crane,  G.,  632 
Crawford,  58 
Cretinism,  151 

Cristalleries  dc  Baccarat,  600 
Critical  pressure  of  solids,  380 

temperatures,  116 

and  pressures,  27-29 

volume,  28 
Croceocobalt  salts,  655 
Crocoisite,  610,  619 
Crookes,  W.,  5,  120,  303,  312,  604 
Cros,  661 

Crucible  steel,  638 
Crushers,  bone,  613 
Cryohydric  mixture,  117 

point,  117,  229 
Cryolite,  439 

alkali  process,  476 
Cryoscopy,  86-87 

Anomalies  in,  87,  88 
Crystal  glass,  498 
Crystalline  state,  110-113 

systems,  111 
Crystallisation,  Water  of,  208 
Crystallography,  111 
Crystalloids,  102 
Crystals,  110-113 

Flowing,  113 

Liquid,  112,  113 

Living,  113 

Metallic,  408 

Mixed,  87,  111 

Properties  of,  113 

Plastic  or  flowing,  113 

Superposed,  111 
Cubic  nitre,  459 
Cupel  furnace,  553 
Cupola  furnace,  641,  542,  633 
Cupric  bromide,  649 

chloride,  649 

compounds,  549-553 

iodide,  649 
Cupriferous  pyrites,  255 
Cuprite,  640,  548 
Cuprous  bromide,  648 

chloride,  648 

compounds,  548,  549 

cyanide,  548,  649 

hydride,  549 

iodide,  153,  164,  648 

oxide,  648 

sulphide,  649 
Curie,  Madame,  121.  122,  124 
Curie,  Professor,  121,  122 
Current,  electric,  416,  417 


Curtius,  327,  394 
Cyanamide,  309 

process,  309-311 
Cyanid-Gesellschaft,  664 
Cyanide  gold  extraction  process,  563,  564 
Cyanides,  308 
Cyanogen  compounds,  397 

of  iron,  660 
Cycle,  Carnot's,  62,  63 
Cylinders,  chlorine,  147 
7-ray8,  122-124 

Dalton,  21,  31,  41,  42,  70,  71,  208 

Law  of,  24-27 
Daguerre,  558 
Daguerreotype  process,  568 
Dana  tubes,  590,  591 
Daniell,  46 

cell,  418,  420,  421 
Danks'  rotary  furnace,  635 
Darapsky,  668 
Darbv,  A.,  630 
Davis,  146 

Davy,  6.  7,  33.  44.  45.  68,  119,  138.  142,  150. 
158,  189,  262,  358,  404,  424.  439.  487. 
525,  561 

safety  lamp,  377 
De  Fries,  217 
De  Haen,  219 
De  la  Bastia,  499 

De  la  Metherie,  Malherbe  and,  468 
De  Thierry,  183 
De  Beaumont,  Elie,  508 
De  Laire,  180 
De  Rossi,  6.,  658 
Deacon,  146,  165,  76 

process,  68,  45 
Debierne,  121.  122,  125 
Debray,  176,  179,  241,  273,  660 
Decomposition,  Double,  93,  94 

Electrolytic,  46 

of  elements,  120 

of  radium,  123 

voltage,  420 
Decroline,  466 
Degradation  of  energy,  7 
Degree  of  dissociation,  99 
Degrees  of  freedom,  114 
Dehne,  220 
Deiss,  39 
Del  Rio,  356 
Delarive,  185,  653 
Democritus,  12 
Denaturation  of  salt,  465,  456 
Dennis,  668 
Densimeter,  74 
Density  of  gases  and  vapours,  34-36 

of  liquids,  72-76 
Derosjie,  316 
Dervaux,  220 

Descriptive  natural  sciences,  2 
Desormes.  252,  264 
Despretz,  58 

Determined  equilibrium,  115 
Detonating  gas,  129,  134 
Developers,  photographic,  569 
Deville,  39,  126,  176,  179,  241,  273,  277,  439. 

567,  660 
Dewar.  29,  122,  127,  128.  138,  287,  292,  312 

and  Jones,  396 

vacuum  flasks,  293 
Dialyser,  102 
Dialysis,  102 
Diamine.  327 
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Diamond,  358,  359 

Artificial,  359 

Origin  of,  368 
Diaminophosphoric  acid,  348 
Diaphragms,  446,  449 
Diaspore,  667,  572 
Dicarbonates,  381,  382 
Dichloroaquotriamminocoba]t  chloride,  656 
Dichromates,  Alkali,  621,  622 
Dicyandiamide,  309 
Didymium,  403,  604 
Dieffenbach,  146 
Dielectric  constant,  92 
Dieline,  379 
Diels  and  Wolf,  394 
Dietzsch  kilns,  487,  692 
Diffusion,  102 

Gaseous,  39 
Dihydroxytetramminoplatinum  sulphate,  656 
Dilute  solutions,  77-101 

Theory  of,  88-90 
Dimercuroammonium  chloride,  637 
Dimetaphosphorlo  acid,  347 
Dimolecular  reactions,  67 
Dimorphism,  111 
Diocletian,  11 
Dioscorides,  12 
Dippel's  animal  oil,  313 
Disappearance  of  phases,  116 
Discontinuity  of  matter,  3 
Disintegration  of  radium,  125 

of  uranium,  125 
Dispersal  of  light,  53,  54 
Disx>ersion  of  metals,  electric,  105 
Dissociation,  80 

Degree  of,  98,  99,  100 

Electrolytic,  91-101 

of  gases,  40 

of  water,  97 
Dissolved  gases,  state  of,  71 
DistUlation,  76 

of  metals,  409 

of  sea-water,  224,  225 
Disulphaminic  acid,  285 
Disulphuric  acid,  275 
Dithionic  acid,  286 
Dittrich,  460 
Ditz,  283 

Di variant  system,  112,  114 
Dobereincr,  276,  661 

lamp,  130 
Dolomite,  624,  528 
Dombasle,  507 
Donath,  364 
Donzel,  502 
Doppioni,  198 
Double  decomposition,  93,  94 

point,  641 

refraction,  113 

salts,  414,  415 
Dow  Chemical  Co.,  149 
Dow,  H.,  150 
Dowson  gas,  393 
Dralle,  602 

Drinking  water,  211-214 
Drops,  Behaviour  of,  81 
Dry  coal,  365 

distillation  of  algas,  153 

plates,  photographic,  558,  559 
Drying  superphosphate,  516,  517 
Dnalistic  formulae,  44 
Dubose,  147 
Dubrumfaut.  435 
Ducco  pyrites  burners,  258 


Duckworth,  10,  173 
Duclaux,  81 
Ducos,  561 
Ductility,  408 
Duddel,  202 
Dudley,  629 
Duhamel,  468 
Dujardin,  200 
Dulong,  23,  58,  208,  276 

and  Petit,  Law  of.  107,  109 
Dumas,  45,  119,  120,  208,  276,  290,  301 

ibethod,   vapour  density  determination, 
36 
Dunbar  and  Kryck,  668 
Dung,  treatment  of,  289 
Dunlop's  process,  144,  146 
Dust  flues,  261 
Dutremblay,  181 
Dutrochet,  77 
Duyk,  216 
Dyar,  276 

and  Hemming,  473 
Dyeing,  106 
Dyne,  26,  59 
Dysprosium,  401 

Eabths,  16 

Earthenware,  Coarse,  577 
Eau  de  Javelle,  429,  456 

de  Iiabarraque,  456 
EbuUioscopic  anomalies,  87,  88 

method  of  atomic  weight  determination, 
83-85 
Eckardt,  Collet  and,  484 
Edison,  398 
Effluent  waters,  106 

Purification  of,  222-224 
Effront,  166,  171,  326 
Effusiometer,  39 
Eggs,  Acid,  264,  266 
Egg-shell  porcelain,  577,  678 
Egly,  521 

Egypt,  Chemistry  in  Ancient,  10 
Eighth  group  of  metals,  626 
Eka-aluminium,  603 
Eka-boron,  604 
Eka-silicon,  605 
Ekenberg,  326 
Ekholm,  291 

Elasticity,  coefficient  of,  414 
Electric  charge  of  colloids,  104 
of  electrons,  122,  123 

charges  on  ions,  91 

dispersion  of  metals,  105 

furnaces,  314  \ 

lamps,  106 

resistance  thermometers,  29 

units,  416,  417 
Electrical  energy,  Free  atoms  of,  123 

pyrometer,  657 

steel  processes,  638,  639 
Electrochemical  equivalent,  417 
Electrochemistry,  416-422 
Electrodes,  446 

Elect rothermic  equivalent,  417 
Electrolysis,  96,  420,  421 
Electrolytes,  91 

Action  of,  on  colloid,  103,  104 

Strong  and  weak,  99 
Electrolytic  alkali,  143,  445-451 

bleaching,  458 

caustic  soda,  445-461 

chlorine,  146,  147 

decomposition,  45 
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Electrolytic  dissociation,  91-101 

hydrogen,  130,  134 

theory  of  Berzelius,  44 
Electromagnetic  theory  of  light,  125 
Electromotive  force,  416 

of  metals,  418-420 
Electrons,  101,  120,  122,  123,  125 
Electroplating,  652,  653 
Electroscope,  Discharge  of,  121 
Elektron  Works,  Griesheim,  136,  340,  494 
Element,  21 
Elements,  Ancient  conceptions  of,  11,  12 

Classification  of,  126 

Decomposition  of ,  120 

known  at  time  of  Lavoisier,  16 

Molecules  of»  49 

Radioactive,  124 

Transmutation  of,  124,  125 
Elevators,  acid,  264,  265 
Elkington,  652 

Brothers,  653 
EUes  and  Schonherr,  286 
Elsworthy,  133 
Emanation,  Radium,  124 

Thorium,  121 
Emerald,  529 
Emery,  567,  571 
Emission  spectra,  54,  55,  56 
Empedocles,  12 
Empirical  formulse,  48 

hydrometers,  74 
Emnlsoids,  102 
Enamels,  578 
Enantrio  tropic,  191 
Endothermiq  compounds,  69 

reactions,  58 
Energy,  1 

Chemical,  58 

Conservation  of,  4 

Degradation  of,  7 

Free  and  combined,  69 

Internal,  of  gases,  52 

Kinetic,  8,  59 

Matter  as  a  form  of,  112 

Nature  of,  123 

of  volume,  26 

Potential  and  kinetic,  4 

Transformations  of,  6 
Engelhardt,  Erlwein  and,  504 
Engel-Precht  process,  435 
Engels,  216 
Engledew,  186 
Engler,  C,  175,  183 
Entropy,  69 
Enzymes,  67 
Epicurus,  12 
Epsom  salts,  529 
Equations,  Chemical,  57 
Equilibrium,  Chemical,  62-67 

Complete,  114 

Determined,  115 

Displacement  of,  64 

Factors  of,  63 

Incomplete,  115,  117 

Indeterminate,  117 

Ionic,  1,  99,  100 

Isothermic,  66 

Mobile,  53,  61 

of  heterogeneous  systems,  113-118 

Principle  of  mobile,  64 
Equimolecular  solutions,  82 
Equivalent  conductivity,  99 

Electrochemical,  417 

Electrothermic,  417 


Equivalent,  Hardness,  665 

Mechanical,  of  heat,  59 

Thermochemical,  58 
Equivalents,  Chemical,  19,  47 
Erbium,  664 
Erg,  26,  50,  59 
Erlwein,  309 

and  Engelhardt,  504 
Eternite,  525 
Ether,  Cosmic,  5,  119 

Vibratory,  5 
Ethereal  solutions  of  metals,  105 
Ethers,  formation  of,  63 
Eudiometer,  30,  289,  290 
Euler,  6,  69 
Europium,  401 
Eutectic  point,  229,  412,  413 

steel,  643 

temperature,  410 
Evaporation,  76 
Evaporators,  Multiple  effect,  442-444 

Vacuum,  442-444 
Evolution  of  atoms,  120 
Expansion,  Coolins  of  gases  by,  294,  295 
Exceptions  to  Bote's  law,  40,  41 
Exothermic  reactions,  58 
Explosives,  Energy  of,  5 
Explosive  mixtures.  Limiting,  129 
Eyde,  304 

Faber  du  Faur,  632 

Factors  of  equilibrium,  63 

Falding  lead  chamber,  262 

Falk,  L.,  616 

Faraday,  27,  81,  91,  147,  3S0,  393 

Faraday's  law,  416,  417 

Fascetti,  309 

Fat  coal,  364 

Faure,  Basse  and,  464 

Favre,  58 

Fayence,  fine,  577 

Fayes,  392 

Feld,  W.,  521 

Feldmann,  324 

Felite,  585 

Felspar,  567,  575 

Fenaroli,  188 

Fendler,  224 

Ferentzy,  140,  143 

Ferguson,  H.,  225 

Fermentation  effects,  106 

Ferments,  Inorganic,  106 

Fernet,  72 

Ferrate,  potassium,  650 

Ferric  acid,  650 

chloride,  649 

compounds,  648 

hydroxide,  649. 

Action  "of,    on    ferruginous    water, 

221 
Colloidal,  105 

ions,  colour  of,  l^^ 

oxide,  648 

phosphate,  649 

sulphate,  649 
Ferricyanides,  650 
Ferrite,  642 
Ferrocarbonyls,  394 
Ferrocyanides,  650 
Ferromanganese,  641 
Ferrosilicon,  641 
Ferrosoferric  oxide,  649 
Ferrous  carbonate,  648 

chloride,  647 
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Ferrous  compounds,  647 

dicarbouate,  648 

hydroxide,  647 

ions,  Colour  of,  101 

oxide,  647 

phosphate,  648 

sulphate,  647,  648 

Distillation  of,  275 

sulphide,  648 
Fertilisers,  Chemical,  506-519 
Feuquidres,  653 
Figuera's  process,  323 
Filaments,  Metallic,  106 
Fillings  for  Gay-Lussac  tower,  263 
Films,  Photographic,  559 
Fine  fayence,  577 
Finery,  634 
Finkener,  138 
Fireclay,  576,  577 
Fischer,  F.,  183,  185,  219,  312 

G.  E.,  20 

W.,  77 

W.  M.,  and  Steinbach,  461 

andHahnel,  311 

and  Binge,  311 

calorimeter,  371 
FiRchern,  75 
Fixation  of  nitrogen,  see  Nitrogen,  Fixation 

of 
Fixed  air,  16 

white,  523 
Flade,  665 
Flame,  367-368 

Temperature  of,  378 
Flames,  Temperatures  of,  128 
Flaming,  508 
Flavocobalt  salts,  655 
Flint,  399 

glass,  498 
Flowing  crystals,  113 
Fluoboric  acid,  406 
Fluorescence,  121 
Fluorine,  137-139 

Preparation,  138,  139 

Properties,  138 
Fluorite,  137,  138,  492 
Fluorspar,  137,  138,  486,  492 
Fluosilicic  acid,  398,  516 
Foa,  216 

Fontactoscope,  227 
Fontana,  133 
Ford,  R.,  630 
Forell,  694 
Formation,  Heat  of,  of  acids,  98 

of  ions,  98 
Formenti,  571 
Formulae,  Chemical,  43,  44 

Constitutional  and  empirical,  48 

Dualistic,  44,  45 
Fomi,  Gerolamo,  473 
Forrest,  A.,  663 
Forster,  653 
Forster  and  Miiller,  444 
Fossil  carbon,  363 
Foucault,  54 
Foundry  clay,  577 
Fouqu6,  126 

Fourth  group  of  metals,  605 
Francesconi  and  Bresciani,  335 
Francke's  silver  extraction  process,  556 
Frank,  134,  148,  314,  424,  521 
Frank,  R.,  273,  308,  309 
Frank-Erlwein  cyanide  process,  437 
Frank  and  Caro,  308,  309,  326,  342 


Frankland,  46,  312 
Frasch,  257 

process,  194,  199 
Fraucnhofer  lines,  56,  57 
Free  energy,  69 
valencies,  48 
variables,  114 
Freedom,  Degrees  of,  114 
Freezing  machines,  231-234 

using  ammonia,  231-232 
carbon  dioxide,  234 
dry  air,  233,  234 
sulphur  dioxide,  &c.,  233 
mixtures,  229,  230 
-point,  Depression  of,  85-88 

and  osmotic  pressure,  88-90 
Determination  of,  85-87 
Fremy,  138,  156 
Frerichs,  325 
Fresenius,  201,  318 
Freundenberg,  309 
Frohlich,  186,  187 
Friihling-Michaelis  tester,  558-559 
Fry  and  Archer,  559 
Fuchs,  111,  437 

J.  v.,  481 
Fuel,  360,  361 
FuUer's  earth,  628 
Fumaroli,  405 
Fuming  nitric  acid,  339 

sulphuric  acid,  274,  275-284 
Action  on  iron,  283 
Densities  and  concentrations  of, 

(Table)  274 
Industrial  manufacture  of,  276- 
284 
Furnace,  Cupola,  541,  542 
Muffle,  161 

Reverberatory,  161,  541 
Salt-cake,  160,  161 
Furnaces,  Regenerative  sulphur,  197 
Fused  iron,  628 

Fusibility  of  ternary  alloy.  Diagram  of,  413 
Fusible  alloys,  617 

Gadolinium,  401,  604 

Gaillard  process  of  acid  concentration,  270, 

271 
Gaillet,  220 
Gilen,  14 
Galena,  610,  616 
GalUeo,  7,  22 
Galle  and  Montlaur,  429 
Gallium  and  compounds,  603 
Gallo,  G.,  139 
Galvanised  iron,  420,  531 
Galvanoplastics,  652,  653 
Gans,  667,  668 
Garbett,  254 
Garcis,  324 

Gardener,  Thwaite  and,  630 
Garnieritc,  652 
Garuti,  134,  182 

cell,  134,  135,  182 
Gas,  Coke-oven,  368 

carbon,  365 

constant,  26,  80 

holder,  178 

law.  General,  26 

motors,  394 

Work  produced  during  evolution  of,  58 
Gases,  Action  of  rays  on,  122 

Conductivity  of,  92 

Diffuion  of,  39 
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Gases,  DifiBociation  of,  40 

Kinetic  theory  of,  36-39 

Laws  governing,  22-33 

Optical  properties  of,  53-57 

Power  and  fuel,  392-394 

SolubiUty  of,  in  liquids.  70-72 
in  salt  solutions,  71,  72 

Thermal  capacity  and  specific  heat  of,  49 
Gattermann,  112 
Gay-Lussac,  21,  29,  30,  81,  119,  150,  289 

amd  Thdnard,  404 

degrees,  495 

Law  of,  24-27 

tower,  252.  261,  262-264 
Gay-Lussac's  alcoholimeter,  75 

hydrometer,  74,  75 

law  of  gaseous  combination,  29-31,  80 

method    of    vapour   density  determina- 
tion, 34 
Gaylussite,  441 
Gebir,  13,  189,  247,  318 
Gehlen,  330 
Geissenhainer,  633 
Gel,  Formation  of,  104 
Gelatine,  313 
Gelatinisation,  102,  103 
Gelification,  102,  103 
Gels,  102 

Generator  gas,  393 
Gerhardt,  33,  45 
Gerlach,  309 
German  silver,  647,  652 
Germanium  and  compounds,  605 
Giacosa,  391 
Giana,  £.,  516 
Gianoli,  550 
Gibbs,  113 
Giesel,  122 
Giffard,  133 
Giglioli,  302 
Gilchrist,  262 

process,  254 

Thomas  and,  637 
Gill,  R.,  197 
Gillard,  392 
Gin,  551 

furnace,  638 
Giobertite,  526,  528 
Girard,  581 

Girard-Meurer  process,  581,  582 
Girod  furnace,  638 
Girsewald,  481 
Gla«c6ck,  151 
Glass,  497-503 

Composition,  497,  498 

crucioles  (pots),  502 

Hardened.  500 

History,  497,  498 

manufacture,  500-502 

Materials  for  manufacture,  499,  500 

MUky,  106 

Properties,  499 

retorts,  268,  269 

Ruby,  105,  106 

Statistics,  502,  503 

furnaces,  500-502 
Glauber,  15,  18,  45,  158,  437 

salt,  461 
Glauberite,  439,  461 
Glazed  porcelain,  577 
Gleditsch,  124 

Glover  tower,  252,  260,  261.  265-267 
Glucinum,  529 

carbonate,  529 


Glucinum  chloride,  529 

hydroxide,  529 

oxide,  529 

sulphate,  529 
Glue,  313 
Gmelin,  252 
Gold,  562-565 

applications,  564,  565 

Artificial,  610 

C5oin«ge,  565 

Colloidal,  103 

in  glass,  105,  106 

compounds,  565,  566 

Extraction,  562-564 

hydrosol,  105 

number,  105 

Properties,  664 

Refining,  564 

salts.  Reactions  of,  566 

Statistics,  566 

sulphides,  566 

trichloride,  566 
Golden  antimony  sulphide,  355 
Goldschmidt,  146 

C,  556 

Co.,  607 

H.,  570,  619 

process,  328,  622,  624 

Th.,  147,  606 
Goldstein  rays,  123 
Gondolo,  180 
Gore.  320 
Gosio,  201,  203 

Gossage,  144,  161,  441,  468,  473 
Goutal's  formula,  372 
Gradation,  454 
Graebe,  143,  276 

Graham,  39,  46,  58,  102,  104,  127,  180,  400 
Gramme,  8,  59 

atoms,  60 

equivalents,  60 

molecules,  60 
Grandeau,  459 
Graphite,  359,  360,  642,  643 

Analysis  of,  368 

Artificial,  360 

Refining,  360 

Statistics,  360 
Graphitic  acid,  359 
Graphitite,  360 
Grassi,  F.,  561 
Gratzels,  567 
Gravity,  Specific,  of  liquids,  72-76 

of  water,  73 
(4ray,  122 

Greatest  work.  Principle  of,  59 
Greece,  Chemistry  in  ancient,  1 1 
Green  vitriol,  647 
Gressy,  581 

Gn^y  cast  iron,  628,  634 
Griffin  mill,  512 
Griffith,  81 

Grignard's  reaction,  487 
Grillo,  243 
Gritti,  198 

Gros,  Ostwald  and,  560 
Group  of  metals,  Eighth,  626 
Fifth,  616 
First,  423 
Fourth,  605 
Second,  486 
Seventh.  624 
Sixth,  619 
Third.  566,  667 
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Gruelin.  601 

Grune,  392 

Griineberg  and  Blum,  324 

Gruner,  441 

Gninwald,  120 

Guano,  508 

Guij<net*8  green,  620 

Guillemin,  410 

Guldberg  and  Waage,  21,  62,  93 

Gun-metal,  547 

Gunsberg,  219 

Guntz,  521 

Guttmann,  0.,  262,  341 

Gutzeit*s  reaction,  330 

Gypsum,  486,  496 

Haas  and  Oettel,  457 

Hagen  Accumulator  Works,  136 

Hales,  18,  158 

Hall,  568 

Halogens,  Compounds  of,  with  one  another, 

169 
Halogen  compounds  of  sulphur,  240 
Halogen  derivatives  of  arsenic  and  antimony, 

331 
Halogen  derivatives  of  phosphorus,  Thermo- 
chemistry of,  330 
Halogen  group,  137 
Halogen  hydrides  (hydracids),  15i,  155 
Halogen  oxy-compounds,  170-172 
Hambly,  157 
Hamburger,  SO 
Hampel,  157 
Hampson,  300 
Haner,  165 
Hanisch,  276,  277 

and  Schroedcr^B  liquid  sulphur   dioxide 
process,  245,  246 
Hannay,  147 
Hansen,  503 
Hantzsch,  88 
Hard  glass,  499,  500 
Hard  lead,  320 
Hardness,  Equivalent,  665 

in  water,  218-220 

of  metals,  409 
Hardy,  104 
Hargreaves,  147 
Hargreaves  alkali  process,  449—450 

•Bird  alkali  process,  147,  451 

-Bird  process,  147 

hydrochloric  acid  process,  163,  164 
Harmonica,  Chemical,  128 
Harries,  184 
Hasenbach,  282 
Hasenclever,  494 

Hatschek  sulphur  dioxide  apparatus,  243-244 
Hausma unite,  624,  625 
Hautefeuille,  127 
Hauy,  110,  111 

Law  of,  110 
Heat  andMnechanical  enorgy,  50 
Heat,  Atomic,  108-110 

Coal  as  source  of,  370-375 

developed  by  animals,  58 

emitted  by  radium,  121 

evolved  on  dissolving  go  sen,  71 

Latent.  16,  23 

Mechanical  equivalent  of,  7,  59 

Molecular,  109-110 

Molecular  and  specific,  50 

of  condensation  of  steam  (Table),  206 

of  evaporation,  206 
Table,  206 


Heat  of  evaporation,  formation,  61 
of  acids,  98 
of  ions,  98 
neutralisation,  97 
solution,  60 

Specific,  16 

of  solids,  107-110 
of  liquids,  76 
Heavy  metals,  40S 

spar,  521,  522 
Heberlein,  Huntington  and,  610 
Hegelor,  266,  530 
Heidenhaim,  72 
Heidlberg,  Th.,  405 
Heintz,  266 
Heinz,  264,  283 
Helbig,  303,  335 

Hel  big's  process  of  nitrogen  fixation,  308 
Helium,  49,  51,  122-125,  128,  312 

Liquid,  29 
Hellriegel,  301.  507 
Helmholtz,  6,  7,  54,  101,  119 
Helouia,  180 

Herabert  and  Henry,  392 
Hemming,  276 

Byar  and,  473 
Hempel,  290 

calorimeter,  371 
Henry,  70,  71.  72 
Henry's  law,  70-72 
Heraclitus,  11 
Herseus,  636 
Herapath,  37 
Hermite,  147 

plant,  457 
Herouit,  504,  567 

furnace,  639 
Herreshoff  pyrites  burners,  258 
Herachel,  233 
Hess,  G.  H.,  58 

Law  of,  60 
Hessberger,  306 
Hessel,  392 

Heterogeneous  equilibrium,  63 
Hetach,  216 

Hexametaphosphoric  acid,  347 
Hexammino  group,  655 
Hexamminocobalt  salts,  655 
Heydweiller,  9,  120 
Heyl  and  Wultze,  388 
Heylandt,  300 
High    temperatures.    Measurement    of,    575, 

576 
Higgins,  606 
Hilbert  and  Frank,  314 
Hildcbrand,  151 
Hiltner,  302 
Himstedt,  122 
Hinrichscn.  W.,  506 
Hirsch,  341 
Hirsel,  454 

History  of  chemistry,  9-18 
Hittorf,  54 
Hochberger,  255 
Hofer,  303 

Hoffmann  kiln,  487,  488,  579,  580 
Hofmann,  K.  A.,  651 

Hofmann  method  of  vapour  density  deter- 
mination, 34 
Hofmann  voltameter,  30,  323 
Hohn,  Bloch  and,  240 
Holbling  and  Ditz,  283 
Holkor,  254 
Holloway,  543 
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HoUoway-AIaiiliej  converters,  543 

Holmium,  401 

Homberg,  19 

Homeomeria,  11 

Homeotropy,  113 

Homogeneous  equilibrium,  63 

Honigmann  absorber,  475 

Hooke,  6,  15,  16,  289 

Hope,  620 

Hopfner,  C,  448 

Hopfner  process  of  copper  extraction,  545, 

546 
Hoppe-Seyler,  182 
.  Horn  silver,  553,  5o7 
Horse-power,  59 

Cost  01,  59 
Houzeau,  184 
Howard  Lane,  133 
Hubnerite,  622 
Hulin  process,  450,  451 
Human  milk,  105 
Humboldt,  29,  289 
Humidity,  absolute,  291,  292 

Tables,  292 
relative,  291 
Hundeshagen,  665 
Hunt,  147,  276 
Hunter,  401 

Huntington  and  Heberlein,  610 
Huntsmann,  635 
Hurry  and  Seamann,  594 
Hurter,  145,  253,  276 
Hutchinson,  302 
Huyghens,  6 
Hydrargirium,  42 
Hydrargillite,  567,  572 
Hydration,  isomerism  of,  656 
Hydraulic  cement,  582-584 
index,  582,  586 
modulus,  687 
mortar,  582-584 
power,  130 
Hydrazine,  327,  524 
chloride,  524 
hydrate,  327 
sulphate,  524 
Hydrazoio  acid,  327,  328 
Hydriodio  acid,  63,  64,  65,  66,  151,  168,  169 

Preparation,  169 

Properties,  168 

Uses  and  prices,  169 
Hydrobromic  acid,  167,  168 

Preparation,  167,  168 

Properties,  167 

Uses  and  prices,  167 
Hydrocarbons,  151 

Associative  action  of,  87 
Hydrochloric  acid,  158-167 

Analysis,  167 

Boiling-points  of  acqueous  solutions, 
155 

Chemical  properties,  158,  159 

(dielectric  constant),  92 

from  chlorine,  165,  446 

History  and  occurrence,  158 

Industrial  manufacture,  160-165 

Liquefaction,  27 

Manufacture,  Legislation  re,  161,  162 

Physical  properties,  158 

Preparation  in  laboratory,  169,  160 

Production  of,  125 

Purification,  165,  166 

Specific  gravity  table,  166 

Statistics  and  prices,  159 


Hydrochloric  acid.  Uses,  159 
Hydrocyanic  acid,  92,  106,  397 

dielectric  constant,  92 
Hydrofluoric  acid,  155-158 

Analysis,  157,  158 

Anhvdrous,  138 

Industrial  manufacture,  157 

Preparation,  156 

Prices,  156 

Properties,  155,  166 

Uses,  166 
Hydrogel,  102 
Hydrogen,  30,  126-137 
Analysis,  136,  137 
anion,  92 

as  unit  of  atomic  weight,  43 
atom.  Weight  of,  110 
Chemical  properties,  128,  129 
compounois  of  N,  P,  As,  Sb,  320 
compounds  of  the  0  group,  203 
Compressibility  of,  40 
Dalton's  symbol  for,  41 
Diffusion  of,  102 
Discovery  of,  16 
Electrolytic,  134-136 
Impurities  in,  132 
Industrial  preparation,  133-136 
Industrial  uses,  129,  130 
ion.  Weight  of,  101 
Laboratory  preparation,  130-132 
Liquid,  29,  127,  128 
molecule,  Velocity  of,  39 
peroxide,  234-237 

Analysis,  236 

Applications,  235,  236 

Preparation,  236,  237 

Prices  and  statistics,  236 

Properties,  234,  235 

Reactions,  235 
persnlphide,  239,  240 
phosphide,  328 

liquid,  329 

solid,  329 
Physical  properties,  127,  128 
Production,  123 
Purification,  132,  133 
selenide,  240 
Specific  heats,  51 
sulphide,  106,  237-239 

Applications,  239 

Chemical  properties,  237-239 

Detection,  137 

Liquefaction,  27 

Physical  properties,  237 

Preparation,  239 
telluride,  240 
tests  for  purity,  133 
thermometers,  29 
Hydrolytic  dissociation,  239,  672,  573 
Hydrometers,  74-77 

Baume,  74,  75,  76,  77 
Beck,  74,  75,  77 
Cartier,  77 
Centesimal,  74,  75 
Empirical,  74 
Gay-Lussac*s,  74,  76 
of  constant  volume,  74 
of  constant  weight,  74 
Rational,  74 
Special,  75 
Twaddle,  77 
Use  of,  74 
Hydronium  hypothesis,  88 
Hydrosols,  102 
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Hydrosulphite  formaldehyde  compounds,  466 
Hydrosulphites,  247 

Hydrosulphuric  acid,  see  Hydrogen  sulphide 
Hydrosulphurous  acid,  247 
Hydroxydimercuro-ammonium  hydroxide,  638 
Hydroid  groups,  Effect  of,  in  cryoscopy,  87 

anion,  92 
Hydroxylamine,  332 

hydrochloride,  332 
H3rpatia,  74 
Hypochloric  acid,  171 
Hypochlorites,  141 
HypochlorouB  acid,  140,  170,  171 

anhydride,  170 
Hypoeutectic  steel,  643,  644 
Hyponitrous  acid,  333,  334 
Hypophosphates,  348 
Hy]popho8phite8,  345 
Hypophosphoric  acid,  348 
Hypophosphorous  acid,  345 
Hyraldite,  466 

Iatbochkmistry,  14 
Ice,  230-234 

Analysis,  231 

Artificial,  231-234 

houses,  230 

machines,  231-234 
using  COg,  234 

dry  air,  233,  234 
NH3,  231-233 
SO2,  &c.,  269 

Natural,  230 

Uses  of,  230,  234 
Iceland  spar,  491 

Ignition,  Temperature  of,  129,  174 
Iliovici,  312 
llosvay,  308 
'*  Imide,"  285 
Iminosulphonic  acid,  285 
Immendorf,  309 
Imperfect  metals,  16 
Incandescent  gas  lighting,  403,  404 
Incomplete  equilibrium,  116,  117 
Incrustations  in  boilers,  218,  219 
Indeterminate  equilibrium,  117 
India,  Chemistry  in  ancient,  11 
Indicators,  92,  97 
Indigo,  Artificial,  142 

in  ancient  Egypt,  10 
Inductive  method,  14 
Inflammable  air,  130 
Internal  energy  of  gases,  62 
Internal  factors  of  equilibrium,  63 
Internal  pressure  in  liquids,  81 
Inversion  of  sugar,  92 
Iodides,  151 
Iodine,  150-154 

Analysis  of,  154 

bromide,  169 

Dissociation  of,  40 

Industrial  preparation,  152-154 

monochloride,  169 

occurrence,  150 

pentafluoride,  169 

Properties,  150,  151 

Statistics  and  prices,  151,  152 

Tincture  of,  151 

trichloride,  169 

Uses,  151 
Iodoform,  151 
Iodoth3rrin,  151 
Ionic  equilibrium,  99,  100 

hypothesis,  120 


Ionic  theory,  91-101 
lonisation  in  liquid  chlorine,  147 
Ionium,  124 
Ions,  91 

Actual  and  potential,  97,  98 

Analytical  tests  for,  94-96 

and  electrons,  101 

Colour  of,  101 

Complex,  95 

Free,  and  catalysis,  69 

Heat  of  formation  of,  98 

Mobility  of,  100 

Valency  of,  94-96 
Ipatjew,  128,  129 
Ireland  and  Suyden,  325 
Iridioplatinum  pans,  269 
Iridium  and  compounds,  603,  659 
Iron,  12,  15,  16»  149,  150,  626-647 

Action  of  fuming  H2SO4  on,  283 

and  steel,  Micrography  of,  641-64  i 

and  steel.  Statistics,  644-647 

bromide,  150 

carbide,  643 

Cast.  629-634 

disulphide,  649,  650 

Elimination  of,  from  water,  667,  66S 

Grey  cast,  634 

eroup,  626 

Hydroxide,  colloidal,  104 

Malleable  cast,  634 

Metallurgy,  628-639 

Meteoric,  626,  627 

Neutral,  627 

Occurrence,  626,  627 

oxide,  132 

Properties,  627 

pyrites,  627,  649,  650 

red,  648 

Separation  from  water,  221,  222 

Symbol  for,  42 

sesquioxide,  648 

unattaoked  by  anhydrous  acids,  92 

vitriol,  13,  647 

White  cast,  634 

Wrought,  634,  635 
Irreversible  cells,  422 
Isoard,  392 
Isodimorphism,  112 
Isohydric  solutions,  100 
Isohydrism,  100 
Isomerism  of  hydration,  656 
Isomers,  120 
Isomorphism,  110-112 
Isotachiolo,  216 
Isothermal  curves,  28,  53 
Isothermic  equilibrium,  66 
Isotonic  solutions,  79,  80 
Izart  and  Thomas,  320 

Jacob,  E.,  277 

Jacobi,  668 

Jacobs,  314 

Jacoby,  133 

Jakobi,  652,  653 

Jaubert,  179,  480 

Javelle,  Eau  de,  429 

Jcllet,  62 

Jobazd,  392 

Jones,  Dewar  and,  396 

Jorgensen,  656 

Joule,  7,  37,  59,  109,  208,  294 

Joule,  The,  59 

Jullion,  276 

Jungfleisch,  90 
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Jurin's  law,  79 
Jurisch,  254 

K,  69 

Kahlbaum,  409 
Kainlte,  424,  433,  525 
Kaiser,  H.,  185,  312 
Kalmann,  665 
Kamerlingh  OmmoH,  312 
Kammcrer.  138,  316 
KaoUn,  103,  567,  575 

Ripening  of,  106 
Karsten,  554 
Kassner,  179,  182,  613 
Kathode,  see  Cathode 
Kations,  see  Cations 
Kauffmann  pyrites  burners,  258 
Kayser,  34,  55 
Keith,  606 
K6kale,  40 
Keller  furnace,  638 

Kellner,  147,  430,  446,  447,  448,  457,  458 
Kelp,  148,  152,  153 
Kelvin,  119,  122 
Kent  mill,  512,  513 
Keppcler,  282,  283 
Kermes,  Mineral,  355 

Kessler  process  of  acid  concentration,  269,  270 
Kestner  evaporator,  443 
Kieserite,  433,  525,  527 
Kiliani,  567  ' 
Kilns,  Cement,  592-596 

Rotary,  594-596 
Kilogramme,  59 
Kilogrammetre,  59 
Kilo  joule,  417 
Kilowatt,  417 
Kin,  556 

Kindler's  furnace,  382,  383 
Kinetic  energy,  4,  8,  59 

equilibrium,  62 

theory  of  gases,  36-39 
Kipp  generator,  131,  143 
Kirchhoflf,  54,  55,  56,  90 
Kirk,  233 
Kirkham,  392 
Kjellin  furnace,  639 
Klaproth,  110 
Klason,  142 
Klee,  581 

KnietBch,  276,  277,  278,  279 
Knox  brothers,  138 
Koch,  A.,  201 
Kocks,  W.,  403 
Koene,  290 
Kohlbrausch,  100 
Kolb,  522 
Kolbe,  46,  219 
Kominor,  588,  589 
Konig,  306 
Kopp,  40,  109,  110 
Korting,  516,  517 
Kowalski,  303 
Kozic,  295 
Krakau,  127 
Krauss,  280 
KreU,  271 
Kreusler,  290 

Kr5hncke  Hilver  extraction  process,  555 
Krohnke,  668 

filter,  216,  221 
Kronig,  37,  38,  62 
Knipp,  393 

Friedrich,  512 


Krych,  Dunbar  and,  668 
Krypton,  49,  312,  313 
Kuhlmann,  342 

i\  666 
Kulmann,  308 
Kunkel,  313 
Kurbatow,  642,  643 
KQster,  283 

Labbb,  289 

Ladenburg,  184,  188 

La  FoUie,  254 

Lagoni,  405 

Lakes,  573 

Lambotte,  606 

Laming,  276 

Laming^s  material,  132,  133 

Lampblack,  365 

Lamy,  199,  604 

Landolt,  7,  120,  388 

and  Heydweiller,  9,  120 
Lanthanum,  604 

oxide,  403 
Lapis  lazuli.  601 
Laplace,  5,  18,  58,  291 
Larderellite,  404 
Latent  heat,  16,  23 
Laughing  gas,  333 
Laurent,  33,  45,  301 

Lavoisier,  16-18,  19,  44,  58,  119,  131,  289,  358 
Law,  Gas,  26 

of  constant  proportions,  20,  21 
gaseous  combination,  29-31 
multiple  proportions,  21 
Laws  of  modern  chemistry,  18,  22 

thermodynamics.  First,  4,  50 
Lead,  12,  16,  17,  123,  610-612 
carbonate,  614 

basic,  614-616,  see  cdso  White  lead 
chamber,  252,  253,  259-262 
chambers.  Control  of  working,  267,  268 

Tangential,  261,  262 
chloride,  613 
chromate,  622 
compounds,  612-616 
Extraction,  610,  611 
hydroxide,  612 
iodide,  613 
monoxide,  612 
nitrate,  613,  614 
oxide  (brown),  613 
(red),  612,  613 
peroxide,  613 
persulphate,  614 
poisoning,  614 
Prices  and  statistics,  612 
Properties,  611 
sand,  616 
suboxide,  612 
sulphate,  614 
sulphide,  616 
tetrachloride,  613 
White,  see  White  lead 
Lean  coal,  365 
Leblanc,  468,  507 

process,  468-473 
Le  Chatelier,  61,  64,  585,  641,  643 
Le  Chatelier's  principle,  61 

ring,  600 
Leclanch6  cell,  422 
Lecoq  de  Boisbaudran,  55,  603,  664 
Leduc,  290 
Lefevre,  247 
Jjcgrand,  81 
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I^guminosse,  Fixation  of  nitrogen  by,  301-302 

Lehmann.  112,  113 

Lejeune,  75 

Lemery,  15,  247 

Lemoine,  64 

Lenk,  653 

Lepel,  303 

Lepidolite,  438,  482 

Leprence,  392 

Jje  Sage,  5 

Jje  Sueur,  450 

I^ucippus,  12 

Leucite,  575 

Leucocompounds,  242 

Ixjvi,  M.  G.,  480 

Levy,  295 

Jjewis-Thompson  calorimeter,  371,  372 

Libavius,  14 

Lidholm,  506 

Liebermann,  276 

Liebig,  45,  56,  77,  300,  303,  429,  507,  508 

Light  Dispersal,  53,  54 

Electromagnetic  theory  of,  125 

metals,  408 

Transmission,  5 
Lignite,  364 
Lignolite,  527 
Lime-kilns,  487-488 

light,  129,  175 

stone,  487,  490 

water  as  water  softener,  210,  221) 
Limonite,  627,  649 
Linde,  29,  294,  295-297 

ice  machine,  231,  232 

liquid  air  machine,  294,  295-297 

oxygen  and  nitrogen  process,  295-297 

refrigerator,  134 
Linnemann,  403 
Lipowitz*s  alloy,  617 
Lippmann,  G.,  561 
Liquation,  414 
Liquefaction  of  gases,  29 
Liquid  air,  128,  292-295 

Manufacture  of  oxygen  and  nitrogf^n 

from,  295-299 
Preparation,  294,  295 
Properties,  292-294 

chlorine,  140-142,  147 

crystals,  112,  113 

hydrogen,  127,  128,  138 
Liquids,  Action  of  polarised  light  on,  7<> 

Compressibility  of,  72 

Density  of,  72-76 

Solution  of  gases  in,  70-72 

Specific  gravity  of,  72-76 

Spectra  of,  76 
Liquid  state,  72 
Litharge,  612 
Lithiferous  mica,  482 
Lithiophyllite,  482 
Lithium,  482 

carbonate,  482 

chloride,  482 

from  copper,  124,  125 

hvdride,  482 

phosphate,  482 

salicylate,  482 
Lithographic  stones,  491,  492 
Lithopone,  523,  533 
Litmus,  92 

Liver  of  sulphur,  434,  435 
Living  crystals,  113 
Lobmeyer,  L.,  498 
Lockyer,  120,  312 
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Lode,  215 

Loew,  308 

Lohnis,  302 

Lollar,  594 

Lo  Monaco,  557 

Lorentz,  125 

Lorenz,  141,  165,  168 

mixer,  514 
Losh,  468 
Lottermoser,  104 
Louyet,  138,  156 
Lovejoy,  303 
Lowe,  147 
Lowe,  276,  393 

Lowering  of  freezing-point,  85-88 
LoHig,  572 
Low  temperatures,  29 

Reactions  at,  61,  138 
Lowthian-Bell,  644 
Lucretius,  12 
Lugan,  181 
Luhmann,  383 
Lull,  13 
Lumidre,  561 
Luminescen.e,  121 
Lunar  caustic,  658 
Lunse,  144.  145,  247,  252,  253,  254,  259,  262 

272,  282,  323,  441,  461 
Lunge  and  Cederkreutz,  506 
Lunge's  nitrometer,  460 
Lutcocobalt  salts,  655 
Luty,  283 
Lyte,  450 

MACDOUGAIiL,  257 
Maefarlane,  165 
Mache,  227 
Macqueen,  144 
Macquisten  process,  540 
Mactear  f Umace,  472 
Maerker,  516 
Madema  and  Coffetti,  461 
Maddox  and  Wortley,  559 
Magdeburg  deposits,  149 
Magister  of  sulphur,  190 
Magnalium,  525,  569 
Magnanini,  78 
Magnesia  alba,  528 

Burnt,  525,  526 

cement,  527 
Magnesite,  624,  528 
Magnesium,  524,  525 

carbonate,  52b 

chloride,  527 

hydroxide,  526,  527" 

nitrate,  529 

nitride.  529 

peroxide,  526 

phosphat'cs,  528 

salts.  Precipitation  of,  100 

silicates,  528,  529 

subgroup,  524 

sulphate,  527,  528 

test  for  acids,  92 
Magnetic  elements,  409 

iron  ore,  627,  649 
Magnet,  Action  of,  on  rays,  122,  123 

on  spectrum.  125 
Magnetite,  627,  649 
Magnus,  13,  276 
Magnus'  green  salt,  661 
Mahler  bomb  calorimeter,  371,  372-374 
Majert,  133 
Majolica,  577 
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Malachite,  540,  549 

Maleic  acid,  120 

Maletra  burners,  256 

Malf atti  Schoop,  35 

MalRtano,  215 

Malherbc  and  De  la  Mctheiie,  468 

Malinskv,  156 

Malleable  castings,  633 

cast  iron,  634 

iron,  628 
Malleability,  408 
Mallet,  180,  324 
Maltose,  92 
Mammoth  pumps,  265 
Manganates,  625,  626 
Manganese,  624 

bronze,  547 

dioxide,  142,  143,  144,  625 

Use  in  agriculture,  302,  303 

heptoxide,  626 

ore.  Spathic,  624 

sesquioxide,  625 
Manzanic  acid.  Compounds  of,  625,  626 

hydroxide,  625 

metahydroxide,  625 

oxide,  625 

persulphate,  625 

sulphate,  625 
Manganiferous  waters,  668 
Manganite,  143 
Manganous  acid.  Compounds  of.  625,  626 

carbonate,  625 

chloride,  624 

hydroxide,  624 

manganic  oxide,  625 

oxide,  624 

sulphate,  624 

sulphide,  624 
Manh^,  542 

Mannite  as  negative  catalyst.  6S 
Marble,  486,  491,  492 
JVIarc,  R.,  202 
Marcacci,  391 
Marchand,  35 
Marchese,  546 
Marshal,  133,  393 
Margis,  180 
Marignac,  120,  185 
IVIarine  plants.  Ash  of,  148,  150 
Mariotte,  Law  of,  see  Boyle's  law 
Mari,  579 

Marmier- Abraham,  18S 
Marsh  test,  331 
Martens,  410,  641 
Martensite,  643 
Martin  brothers,  637 
Martin  steel,  637,  638 
Marx,  147,  185 

Maschinenfabrik  Ocrlikon,  Electrolytic  cell,  1 36 
Mason,  185 
Mass,  1,  8 

Active,  65 

concentration,  62,  63 

Conservation  of,  7,  19 

Indestructibility  of,  9 

Law  of,  66 

of  electrons,  123 

Unit  of,  8 
Maesenez,  183 
Massicot,  612 
Masson,  165 
Master,  185 

ftUtch  industry,  316-318 
Matemus,  11 


Matte,  Copper-,  542 
Matter,  1 

a  form  of  energy,  119 

Discontinuity  of,  3 

in  the  liquid  state,  72-76 

in  the  solid  state,  106-112 

Natuitiof,  119,  123,  125 

Primary  form  of,  120 

Unity  of,  118-125 
Mattiolo,  571 
Maxwell,  55 

Mayer,  Julius  Robert,  7,  58,  59 
Mayert,  279 
Mayow,  15,  16,  289 
Mazza,  182 
Mazzucchelli,  190 

Mechanical  equivalent  of  heat,  7,  50,  59 
Mecklenburg,  W.,  608 
Meerschaum,  525 
Meinecke,  119 
Meister,    Lucius    und    Bruning,    Farbwerkc* 

vorm,  165,  276,  277,  280,  281,  30?.  449 
Meister  Lucius  und  BrQning*s  Sulphur  trioxidi* 

process,  280,  281 
Melsens-Pictet  process,  245 
Melting-point,  107 
curve,  413 
of  alloys,  412,  413 
Membrane,  animal.  Behaviour  of,  55 

Copper  ferrocvanide,  77 

Semipermeable,  77 
Membranes,  Diffusion  through,  102 
Mendelejefi,  81,  120,  126,  603,  604,  605,  661, 

662,  664 
Mentzel,  185,  235 
Mephitic  air,  287 
Merck,  236,  237 
Mercuric  ammonium  chloride,  538 

bromide,  538 

chloride,  538 

compounds,  536,  637-539 

copper  iodide,  539 

cyanide,  539 

iodide,  538,  539 

nitrate,  539 

oxide,  537,  538 

sulphate,  539 

sulphide,  539 
Mercurous  azide,  537 

bromide,  537 

chloride,  537 

compounds,  536,  537 

iodide,  537 

nitrate,  537 

oxide,  637 

sulphate,  637 
Mercury,  534-637 

Extraction,  634-636 

lamp,  536 

molecule,  49,  61 

Properties,  636 

Statistics,  &c.,  636,  637 
Mertens,  668 
Meslan,  139 
Mesothorium,  124 
Messel,  273,  276,  277 
Meta  acids,  333 
Meta-antimonic  acid,  365 

antimonious  acid,  356 

antimonites,  364 

arsenic  acid,  362 

auric  acid,  666 
Metaboric  acid,  406 
Metallic  carbon,  365 
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Metallic  filaments,  101 

hydroxides,  422,  423 

oxides,  422 

peroxides,  422 

residue  of  salts,  46 

sols,  105 
Metals,  126 

Action  of  acids  on,  423 

hydrogen  peroxide  on,  235 
sea -water  on,  209 

Alkali,  119 

as  cations,  92 

Colloidal,  103,  104 

Conductivity  of,  91 

Electromotive  force  of,  418-420 

in  ancient  China,  10 

known  to  ancient  Greeks,  12 

Micrography  of,  118 

Properties  of,  408-410 

Reactions  with  acids,  92 

Table  of  physical  constants,  411 

Valency  of,  422 
Metaphosphates,  347 
Metaphosphoric  acid,  347 
Metaphosphorous  acid,  346 
Metasilicic  acid,  400 
Metastable  equilibria,  70 
Metastannic  acids,  608 

chloride,  608 
Metatitanic  acid,  402 
Metavanadic  acid,  356 
Metazirconates,  402 
Methane,  Specific  heat,  51 
Meurer,  581 
Mewes,  294 
Meyer,  G.,  122 

L.,  72,  78,  662 

Th.,  161,  261,  262 

v.,  40,  140 
Meyer's  method  of  vapour  density  determina  ■ 

tion,  35 
Michaelis,  581,  582,  585 
Michalske,  394 
Michel,  199 
Microcosmic  salt,  485 
Micrographic  analysis,  410-412 
Micrography,  118 

of  iron  and  steel,  641 
Miethe,  559 
Mild,  616 
Milky  glass,  106 
Millon's  base,  538 
Mill  tubes,  590,  591 
Mineral  kermes,  355 
Minim,  612,  613,  619 
Minkmann,  289 
Miolati,  655 
Mirabilite,  461 
Mispickcl.  318 

Mitscherlich,  54,  111,  276,  315 
Mix,  294 
Mixed  crystals,  87,  111,  112 

salts,  414,  415 
Mix-Heylandt,  299 
Mobile  equilibrium,  53,  61 

Principle  of,  64,  229 
Mobility  of  ione,  100,  101 
Mobius,  564 

Modern  chemistry.  Rise  of,  16 
Mohla,  276 
Mohr's  balance,  73 

salt,  647 
Molssan,  57,  137,  138,  139, 183,  330,  358,  359, 
404,  409,  487,  503 


Mol,  96 

Molecular  weight,  43,  79,  80 

and  action  of  two  solvents,  90 
freezing-point,  85-87 
vapour  tension,  81-85 
determination,  80,  82,  83,  84,  85,  86, 
87,88 
weights.  Calculation  of,  36 
Molecules  and  atoms,  32 
Monatomic,  40,  50,  51 
of  elements,  49 
solids,  106 
Size  of,  41,  103 
Velocity  of  gaseous,  38,  39 
Molinari,  78,  184,  186,  188 
Mol-ion,  96 
Molybdenum,  16 

and  compounds,  622 
Monatomic  gases,  92 

molecules,  40,  49,  51,  52 
Monazite,  402,  403 
Mond,  Addie  and,  484 
gas,  393 

L,  127,  326,  394,  468,  473,  652 
-Lange  nickel  proccRs,  652 
process  of  fuel  utilisation,  365 
Mono-acid  base,  45 
Monobromona  phthalene,  113 
Monomolecular  reactions,  66,  67 
Monotropic,  191 
Mono  variant  system,  117 
Montejus,  264,  265 
Montlaur,  429 
Montmagnon,  180 
Moore,  78,  216,  302 

G.  E.,  392 
Morange,  271 
Morley,  290 
Mortar,  Common,  490 

Hydraulic,  582-^84 
Moser,  54 

Mosso,  175,  291,  391 
Motion,  Perpetual,  7 
Motive  force.  Hydrogen  as,  130 
Mottura,  196 
Movement,  Brownian,  103 

of  colloidal  particles,  103 
Mud,  Weldon-,  144 
Muffle  furnace,  145,  161 
Muhlh&user,  398 
Muldener,  277 
Miiller,  153 

Forster  and,  444 
V.  Berneck,  280 
Multiple  effect  evaporators,  442-444 
point,  115,  116 
proportions.  Law  of,  21 
Muriatic  acid,  158 
Mushet,  644 
Muspratt,  468 
Muthmann,  303  . 

Naccabi,  77,  78 

Naef ,  252 

Nahnsen,  150 

Nasini,  78,  86,  405 

Natanson,  28 

Natterer,  23,  27,  40,  173,  381 

Natural  cements,  583 

sciences,  2 
Naumann,  165 
Neffgen,  581,  582 
Negative  catalystp,  68,  69 

electron,  101,  123 
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Negative  residue  (of  salts),  45 
N^rier  process  of  acid  concentration,  269 
Nebse,  502 
Neilson,  632,  633 
Neodymium,  401,  604 
Neon,  49,  51,  312 

Nemst,   69,   78,  90,  112,  183,  303,  420, 
626 
lamp,  404,  526 
Nesmond,  233 
Nessler's  reagent,  322,  639 
Netto,  439 
Neumann,  109,  111,  179 

M.,  266,  267 
Neutral  iron,  627 
Neutralisation,  93 

Heat  of,  97 
Neutral  salts,  423 
Neutron,  101 
Newberry,  695 
Newton,  6,  7,  37,  50 
Newton's  alloy,  617 
New  gases  of  the  atmosphere,  311 
Newlands,  661 
Nicholson,  6,  134 

hydrometer,  74 
Nickel,  16,  66^-^63 

ammonium  sulphate,  663 
arsenide,  652 
chloride,  653 
cyanide,  664 
Nickelic  oxide,  653 
Nickeline,  652 
Nickel  matte,  662 

occlusion  of  hydrogen  by,  127 
Niokelous  oxide,  652 
Nickel  plating,  652 
sulphate,  663 
sulphide,  653 
tetracarbonyl,  394,  663 
Niedenftihr,  267,  283 
Niepce,  659 
Nitragine,  302 
Nitrates,  339 

World's  consumption  of,  300-301 
Nitre,  Conversion,  429,  430 
Nitre  pots,  261,  see  Potassium  nitrate 
Nitric  acid,  13,  16,  337-344 
Analysis  of,  343 
Applications,  343 
Fuming,  337,  339 
Industrial  manufacture,  339-343 
in  H2SO4  manufacture,  261 
Laboratory  preparation,  337 
Occurrence,  337 
(Ostwald's  process),  308 
Prices  and  statistics,  343,  344 
Properties,  337-339 
Specific  gravity  and  concentrations 
(Table),  338 
anhydride,  337 
oxide,  16,  334,  335 
Nitrides,  288 
Nitrifying  bacteria,  302 
Nitrile  sulphuric  acid,  286 
Nitrites,  335 

alkali,  306 
Nitrogen,  16,  17,  287-289 

Bacterial  production  of,  288,  289 

chloride,  328 

Balton's  symbol  for,  41 

dioxide,  336,  337 

Electric  processes,  303-308 

fixation,  300-311 


Nitrogen  fixation,  Biological  processes,  301- 

303 
Chemical  processes,  308-31 1 

formation  in  Glover  tower,  267 

group,  287 

in  lead  chamber,  264 

iodide,  328 

Occurrence,  287 

oxides,  22 

pentoxide,  337 

peroxide,  336,  337 

Preparation,  288,  289- 

Properties,  287,  288 

Specific  heats,  51 

tetroxide,  336,  337 

trioxide,  336 
Nitrolime,  310 
Nitro-metals,  337 
Nitrometer,  460 
Nitrososulphuric  acid,  254,  336 
Nitrosyl  chloride,  146,  336 
Nitrosylsulphuric  acid,  262,  253,  336 
Nitrous  acid,  335,  336 

anhydride,  336 

oxide,  16,  333 
"  Nitroub  "  sulphuric  acid,  262 
Nobb,  276 
Nobbe,  302 
Nobel  prize,  88 
Noble  metals,  669 

Hydrosols  of,  105 
Nodules  of  leguminosse,  301,  302 
NoUet,  Abb6,  77 
Non-metals,  126 
Nordhausen  acid,  276 
Normal  acids,  333 

solutions,  96-97 

steel,  644 
Norton  wells,  210 
Notodden,  304 
Novozon,  626 
Nuggets,  562 

OccHiALiNi  and  Chella,  681 

Ochre,  648 

Oddo,  88,  255,  269,  686 

Oehler  hydrochloric  acid  process,  343 

Oesten,  667 

Oettel,  133 

Haas  and,  429 
Odier,  303 
Ohm,  417 
Ohm's  law,  417 
OhmtiUer,  216 
Oleum,  274,  276  • 

Densities  and  concentrations  of,  274 
Oligist,  627,  648 
Oliver,  265 
OUvier,  256 
Olszewsky,  29,  312 
OmeliansKi,  363 
Onions,  B.,  630 
Open  hearth,  634 

furnace,  637,  638 
steel,  637,  638 
Optical  (photographic)  sensitisers,  659 

properties  of  gases,  53-57 
Organic  matter,  I^moval  from  water,  221 
Organic  solvents,  92 
Organosols,  106 
Oriental  alabaster,  492 
Orpimcnt,  363 

Orsat  gas  analysis  apparatus,  137,  147,  375 
Orstedt,  23 
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Orthey,  634 
Ortho-acids,  333 
Orthoarsenio  acid,  352 
Orthochromatic  plates,  559 
Orthoclase,  676 

Orthophosphorio  acid,  346,  347 
Orthosilicic  acid,  400 
Oscillating  atomic  weights,  120 
Osmic  acid,  668 
Osmium,  658 

chlorides,  658 
lamp,  404,  658 
oxicles,  658 
Osmometers,  77 
Osmond,  641 
Osmotic  pressure,  77-80 

and  boiling-  and  freezing-points, 

88-90 
and  dissociation,  94,  95 
Explanation  of,  78,  79 
of  colloidal  solutions,  102 
electrolytes,  91 
ions,  421 
Ojtwald,  20,  68,  59,  68,  70,  78,  81,  82, 101, 113, 
120,  254,  282,  308,  323 
and  Brauer,  342 
Gros,  560 
Otto-Hofifmann  coke-ovens,  367 

M.,  185,  188 
Outhenin-Chalandrjj  process,  450 
Oxidation,  17^ 
Oxonium  hypothesis,  88 
Oxyacetylene  flame,  129,  176 
Oxy-compounds    of    nitrogen,     phosphorous 

arsenic    and    antimony,    332, 
333 
selenium  and  tellurium,  286,  287 
sulphur,  selenium  and  tellurium, 
240,  241 
Oxygon,  173-182 
Active,  182,  183 
Analysis,  182 
Applications,  175-177 
as  standard  ol  atomic  weight,  120 
as  unit  of  atomic  weight,  43 
Atomic  weight,  110 
Chemical  properties,  174,  176 
compounds  of  nitrogen,  333 
Dalton's  symbol  for,  41 
Electrolytic,  134 

group,  Hydrogen  compounds  of  members 
of,  203 
of  elements,  172,  173 
Industrial  manufacture,  180-182 
Laboratory  preparation,  177-180 
Liquid,  29 

Physical  methods  of  production,  180 
Phvsical  propertieH,  173,  174 
Sale  of,  177 
Oxyhsemoglobin,  106 
Oxyhydrogen  blowpipe,  129,  135 

flame,  129,  175,  176 
Oifyliquit,  299 
Oxypersulphuric  acid,  286 
Ozone,  183-188 
Analysis,  188 
Applications,  186 
Constitution,  185,  186 
Formation,  183,  184 
Industrial  manufacture,  187,  188 
Liquid,  184 
Properties,  184 
Reactions,  184,  185 
Water  sterilisation  by,  216.  217 


Ozonisers,  187,  188 
Ozouf,  383 

Pakfonq,  547 
Palladic  chloride,  658 
Palladinised  asbestos,  137 
Palladious  chloride,  658 

iodide,  657,  658 
Palladium,  657 
Colloidal,  127 
hydride,  127,  657 
Occlusion  of  hydrogen  by,  127 
sponge,  667 
Palazzolo,  Hydraulic  cement  of,  583 
Palissy,  14,  606  . 
Palmieri,  312 
Pamphlette,  225 
Pancnromatic  plates,  659 
Para-azoxyanisol,  112 

azozycinnamic  ester,  113 
azoxyphcnetol,  113 
Paracelsus,  14,  130 
Paraffin  from  cannel  coal,  366 

oil,  153 
Parchment,  102 

diaphragms,  146 
Paris^green,  351 
Parker,  314,  666 

J.,  584 
Parkers,  554 
Parmelee,  606 
Parrot,  '/7 
Partial  pressures,  71 
reactions,  62 
resistances,  61 
Patera,  556 
Patern<5,  86,  190,  216,  394 

and  Cingolani,  657,  658 
Passive  resistances,  61 
Passive  state  of  chromium,  619 

metals,  409 
Paste,  498 

Patio  silver  process,  555 
Pattinson  silver  process,  554 
Pauling  process  of  nitrogen  fixai:ion,  307-342 
Payon,  197 

P6an  de  Saint-Gilles,  63 
Peat,  363,  364 
Pebal,  40 
Pechiney,  146,  462 
Peligot,  262 
Pelouze,  271 
Pentaline,  379 

Pentamminocobalt  salts,  655 
Pentane  thermometers,  29 
Pentathionic  acid,  286 
Pcptonisation,  104 
Bercarbonic  acid,  382 
Perchloric  acid,  172 
Perchromatic  plates,  569 
Pcrchromic  acid,  622 

anhydride,  622 
Perfect  metals,  16 
Perin  furnaces,  496 
Perino,  609  ' 

Periodic  system  of  the  elements,  55,  120.  661- 

664 
Perlite,  643 
Perman,  124 
Permanent  gases,  28 

Liquefaction  of,  29 
white,  622 
Permanganates,  625,  626 
Absorption  spectra,  101 
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Permanganic  anhydride,  626 

Permutite,  667,  668 

Pernot  furnace,  636 

Perotti,  309 

Peroi^-Bkite,  401 

Peroxides,  415 

Perpetual  motion,  7 

Perret,  255,  256 

Persulphuric  acid,  286 

Perusini,  151 

Petcanofi*8  sulphur  extraction  process,  198 

Petersen,  264 

Petit,  107,  109 

Petrie,  276 

Pfaundler,  35 

Pfeffer,  W.,  77,  78 

Pfeifter,  581,  665 

Pfeiffer's  bromide  process,  149 

Pfleger,  309 

Phase  rule,  113-118 

Phases,  113 

Disappearance  of,  116 
Phillips,  276 
Philosophers'  stone,  13 
Phipson,  290 
Pblogisticated  air,  287 
Phlogiston,  15 
Phosgene,  394 
Phospham,  348 
Phosphamide,  348 
Phosphate  beads,  479,  485 
Phosphates,  346,  347 
Phosphatic  chalk,  508 

manures,  507-519 

sand,  608 
Phosphine,  328^  329 
Phosphites,  346 
Phosphonium,  329 

bromide,  329 

chloride,  329 

iodide,  329 
Phosphor  bronze,  547 
Phosphorescence,  121 
Phosphoric  acid,  46,  346,  347 

acids,  Distinctive  tests  for,  348 

anliydride,  345 

triamide,  348 
Phosphorite,  150,  486,  508 
Phosphorous  anhydride,  345 
Phosphorus,  313-318 

acids,  344,  346 

Amorphous,  315,  316 

Atomic  heat,  110 

Black,  315 

bromides,  330 

Detection,  315 

Discovery,  14 

halogen  derivatives.  Thermochemistry  of 
330 

Hittorf's,  315 

hvdride,  328.  329 
liquid,  329 
solid.  329 

iodides,  330 

MetaUic,  315 

molecule,  49 

Occurrence,  313 

oxides,  344 

oxy chloride,  348 

oxyfiuoride,  330 

pentachloridc,  36,  329,  330 

penta fluoride,  330 

pc>ntasiilphide,  349 

pentoxide,  344,  345 


Phosphorus,  Preparation,  313,  314 
Prices  and  statistics,  318 
Properties,  314,  315 
Purification,  314 
Red,  169,  315,  316 
Scarlet,  317 
suboxide,  344 
sulphochloride,  349 

tetroxide,  345 

trichloride,  329 

trifluoride,  330 

trioxide,  345 

trisulphide,  349 

salt,  485 
Uses,  316-^18 
Phosphuretted  hydrogen,  328,  329 
Photographic  plate,  106 

process,  568-562 
Photography,  History  of,  558,  559 
Physical  constants  of  metals,  411 
Physics,  2 

Physiological  chemistry,  59 
Pick  vacuum  pans,  453 
Pickering,  78 

Pictet,  29, 127, 173,  245,  294,  296, 299, 404, 604 
Pictet's  liquid  air  fractionation  process,  297, 
298 

ice  machines,  233 
Pifke,  668 
Pig-iron,  628 
Pinchbeck,  547,  652 
Pink  salt,  609 
Piria,  276 

Pitchblende,  121,  122,  623 
Planok,  91 
Plank,  101 
Planzan,  653 
Plaques,  577 
Plasmolysis,  80 
Plaster  of  Paris,  143 
Plastic  crystals,  113 
Plate  towers,  262 
Platinammonium  compounds,  661 
Platinic  acid,  661 

chloride,  660 
Platinised  asbestos,  68,  276-280 
Platinocyanides,  660 
Platinodlammoninm  chloride,  661 
Platinosemidammonium  chloride,  661 
Platinotype  process,  560 
Platinous  chloride,  660 
Platinous  cyanide,  660 
Platinum,  659,  660 

as  pseudocatalyst,  68 

black,  659,  660 

Catalytic  action  of,  67 

chloride,  660 

Colloidal,  106,  660 

compounds,  660 

contact  mass.  Regeneration  of,  280 

group,  656 

hydroxide,  661 

Occurrence  and  extraction,  659 

oxide,  661 

oxides,  282 

pans,  269 

Properties,  659,  660 

sponge,  659 

sponge  as  catalyst,  68 

StatiKtics  and  prices,  660 

tetrachloride,  660 

trichloride,  660 
Plato,  12 

Ruff  and   487 


INDEX 


695 


Plattncr,  276,  663 
Playf air,  208 
Pliny,  13 
Pliicker,  54 

-Geiflsler  tube,  55 
Plumbago,  see  Graphite 
Plum  bates,  613 
PDeumatic  chemistry,  15 

separator,  589 
Poggendorf,  43 
Poisson,  6 
Polarised  light,  76 

from  illuminated  particle.  103 
Pollaci,  E.  and  6.,  310 
PoUitt,  282 
Pollucite,  438 
Polonium,  121,  124 
Polyacid  base,  46 
Polymerisation,  87 
Polymorphism,  111 
Polysilicic  acids,  400 
Polythionic  acids,  285,  286 
Polyvalent  cations.  Action  on  colloids,  104, 

105 
Polzenius,  310 
Porcelain,  577-o79 

kilns.  578 
Pores,  Size  of,  79 
Porous  ceramic  materials,  577 
Portland  cement,  586-602 

Applications  and  statistics,  601, 

602 
kUns,  592-596 
manufacture,  588-597 
Prime  materials,  586 
Rapid  setting,  586 
Setting  of,  585,  586 
Slow-setting,  586 
Testing,  597-601 
White,  597 
Positive  electrons,  101,  123 

residue  of  salts,  45 
Potash,  see  Potassium  carbonate 
alum,  574 
Crude,  435 
glass,  Soluble,  437 
Potassium,  424-426 
amide,  438 
antimonate,  355 
aurate,  566 
aurocyanido,  565 
bromate,  431 
bromide,  428 
carbonate,  435,  436 

Manufacture,  435,  436 
Prices  and  statistics,  436 
Properties,  436 
Specific  gravities,  469 
carboxide,  436 
chlorate,  429-431 

Applications,  prices,  statistics,  430, 

431 
Manufacture,  429,  430 
Properties,  430 
chloride,  428 
chromyl  chloride,  622 
cobalticyanide,  654 
cyanide,  437,  438 
dicarbonate,  436 
dichromate,  621 
disulphate,  434 
disulphite,  434 
ferrate,  650 
ferri cyanide,  651 


Potassium  ferrocyanide,  660,  651 

fluoride,  429 

fluosilicate,  429 

hydride,  426 

hydrogen  iodat«,  431 
sulphate,  434 

hydrosulphide,  434 

hydroxide,  427,  428 

Applications,  prices,  and  statistics, 

427,  428 
Properties,  427 
solutions.  Specific  gravities,  445 

hypochlorite,  429.  456-458 

iodate.  431 

iodide,  428,  429 

manganate,  625 

nickelocyanide,  654 

nitrate,  431-433 

Applications,    prices   and   statistics, 

433 
Conversion,  431-432 
Properties,  432,  433 

nitrite,  433 

Occurrence,  424 

osmiate,  658 

oxide,  426,  427 

percarbonate,  436,  437 

perchlorate,  431 

perferricyanido,  651 

periodate,  431 

peroxide,  427  V 

permanganate,  626,  626  ^ 

per-rutheniate,  657 

persulphate,  434,  466 

phosphates,  438 

platinocyanide,  660 

plum  bate,  613 

polysulphides,  434 

Preparation,  425,  426 

Properties,  426 

pyroantimonate,  356 

pyrosulphite,  434 

rutheniate,  657 

salts,  C'Onsumption  (Table),  426 
General  cnaracteristics,  438 
Industry  of,  424,  425 
Reactions  of,  426 

silicate,  437 

sulphate,  43^,  434 

sulphide,  434 

sulphite,  434 

sulphocyanide,  651 

thiosulphate,  349,  434 

trithiocarbonate,  437 
Potential,  Chemical,  1 

difference,  416 

energy,  4 

ions,  97,  98 
Potter,  H.  N.,  400 
Poulec,  139 
Poulsen,  202 
Pozzolana,  597 
Pozzoli,  309 
Praseocobult  salts,  655 
PythagoraH,  12 
Praseodymium,  401,  604 
Prentice,  340 
Preschel,  316,  317 
Pressure  and  solubility  of  gases,  70-73 

Displacement  of  equilibrium  by,  64 

Internal,  in  liquids,  81 

of  gases,  37 

osmotic.  77-80 

pots,  264.  205 
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Pressure  pump,  264 
PressnreB,  Critical,  27 

Partial,  71 
Priestly,  16,  18,  23,  158,  173,  287,  289,  321, 

333,  334 
Primary  and  secondary  products  of  electro- 
lysis, 420,  421 
Primordial  material,  120 
Principle  of  greatest  work,  59 

of  mobile  equilibrium,  64 
Prism,  Action  on  light,  53,  54 
Prismatic  nitre,  459 
Pritsche  and  Bcaufils,  393 
Producer  gas,  393 
Proskauer,  216 
Protective  colloids,  104,  105 
Protyl,  120 
Proust,  20,  119 
Prout,  119 

Prout's  hypothesis,  119,  120 
Prud'homme,  273 
Prussian  blue,  651 
Prubsiate,  Black  potassium,  651 

Red  potassium,  651 

Yellow  potassium,  650,  651 
Priissing,  594 
Pseudocatalytic  action,  68 
Pseudomorphs,  191 
Psendosolutions,  102 
Puddled  steel,  628 
Puddling,  634,  635 

furnace.  Rotary,  635 
Pulsoraeters,  264,  206 
Pumice,  145 

stone,  577 
Pupin,  78 
Purgotti,  317 
Purple  of  Cassius,  566 
Purpureocobalt  salts,  655 
Pyknometer,  72,  73,  107 
Pyrargyrite,  553 
Pyrites,  252,  255,  256 

burners,  256-258 

Mechanical  rotarv,  257-258 

Roasting,  241 
Pyroantimonates,  355 
Pyroantimonic  acid,  355 
Pyroarsenic  acid,  352 
Pyrolusite,  624,  625 

analysis,  143 
Pyrometers,  Electric,  575 
I^rophoric  alloy,  174,  175 

lead,  611 

substances,  174,  175 
Pyrophosphates,  347,  348 
Pyrophosphoric  acid,  347,  348 
Pyropissite,  364 
Pyrosulphuric  acid,  275 

chloroanhydride,  285 

Quartz,  399 

apparatus,  400 
Quasig,  188 
QuickTime,    129,    132,   133,  see  also  calcium 

oxide 
Quincke,  81 

R-KILN,  593 
Rabe's  process,  283 
Radiation,  Law  of,  101 
Radioactinium,  124 
Radioactive  elements,  124 
Radioactivity,  118-125 

of  miner  il  i^aters,  226-228 


Radiophone,  202 
Radiothorium,  121,  124 
Radium,  118-126 

Age  of,  125 

BCD,  &c.,  124 

bromide,  121,  122,  124 

Discovery,  121 

emanation,  122,  124,  125 

Nature  of,  123 

Properties,  121,  122 

Rate  of  transformation,  125 

Source  of,  125 

spectrum,  122 
Rae,  563 
Rainfall,  204 
Rambaldini,  448 

Ramsay,  122-126,  127,  138,  288,  311,  312 
Ransome,  594 

Raoult,  82,  83,  86,  86,  89,  91 
Rare  earths,  120,  401 

Elements  of  the,  604 
for  incandescent  lighting,  403,  404 
Raschig,  253,  254 
Rath,  277 

Rational  hydrometers,  74 
Ravizza,  V.,  473 

Rayleigh,  Lord,  49,  52,  104,  288,  311,  659 
Raydt,  383,  388 
Reactions,  Law  of  successive   70 

Mono  and  dimolecular,  66,  67 

Partial,  62 

Reversible,  63-67 

Secondary,  64 
Reaction- velocity,  62-67 
Readman,  314 
Realgar,  352 
Reaumur,  635 
Recalescence,  409 

Receivers,  Hydrochloric  acid,  160,  162,  163 
Rectifier,  Current,  569 
Red  lead,  612,  613 

Analysis,  613 
oxide,  612,  613 

potassium  prussiate^^51 

precipitate,  hVly^ 
Reduction,  128  u^ 
Refraction,  Double,  113 
Regeneration  of  platinum  contact,  380 
Regenerative  coke-ovens,  336-368 
Regnault,  23,  40,  109,  290 
Regnoli,  504 
Reich,  276 

and  Richter,  603 
Reich's  method  of  titrating  sulphur  dioxide, 

268 
Reichardt,  126 
Reiganum,  55 
Reinitzer,  112 
Reissert,  H.,  667 
Relative  humidity,  291 
Remy,  302 
Ronard's  cell,  135,  136 

column,  133 
Renault,  363 

Resistance,  Electrical,  417 
Passive,  61 
Specific,  417 
Respiration,  175 
Retort  carbon,  365 
Reusch,  634 

Reverberitory  furnace,  146,  161,  541 
Reversible  cells,  421,  422 

reactions,  63-67 
Re/crsion  of  superphosphate,  510 
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Rhodium  and  compounds,  657 

alums,  657 

trichloride,  667 
Rhodocrosite,  624,  625 
Rich^  gae,  394 
Richmond,  Duke  of,  508 
Richter,  19,  45,  58,  75,  119,  133 

Reich  and,  603 
Riedel,  J.  D.,  667 
Rillieuz  and  Robert,  453 
Ringe,  311 
Ripening  of  kaolin,  106 

photographic  plates,  106 
Ritter,  561 

Robert,  Rillieux  and,  453 
Roberts,  J.  L.,  165 
Robinson,  163,  314 
Rock-breaker,  256 
Rock  crystal,  399 

salt,  439,  452 
Roebuck,  254 
Rohland,  585 
Rohrmann,  262,  341 
Roman  alum,  574 

cement,  583 
Romans,  Chemistry  amongst  the,  12,  13 
Rom6deri8le,  110 
Rongalite,  466 
Rontgen  rays,  122,  125 
Rooscboom,  641 
Roozeboom,  113 
Roscoe,  112 
Rose,  356 
Rose's  metal,  617 
Rosenstiehl,  80,  94 
Roseocobalt  salts,  655 
Roswag,  554 
Rotary  furnice,  468-470 

kilns,  594-596 
Rothe,  309 
Rowley,  616 
Royds,  124 
Ruata,  188 
Rubidium,  438,  439 

halides  and  polyhalidcs,  438 

iodide,  438 

peroxide,  438 
Ruby,  567,  571 

glass,  105,  106 
RudorfiF,  85 
RuS  and  Plato,  487 
Rahmer,  E.,  202 
RuhmkorfE  coil,  56 
Rule  of  the  antitheses,  64 
Rumford,  Count,  5,  7,  58 
Riimpler,  510 
Ruolz,  653 
Russel,  280 

Russian  white  lead,  616 
Rust,  649 
Ruthenium  and  compounds,  657 

tetroxide,  657 
Rutherdorf,  287 
Rutherford,  121,  123,  124 
Rutile,  401 
Ruzickas,  213 
Ryhiner,  653 
Rysagcr  kiln,  593 

Sabatier,  253 

Sachs,  507 

Safety  lamp,  377,  378 

matches,  317 
Saigerung,  414 


St.  aaire  DeviUe,  375,  404 

Saint-Gilles,  P6an  de,  63 

Sala,  247 

Sal-ammoniac,  483 

Salbach,  667 

Salt,  Common,  see  Sodium  chloride 

lakes,  209 

pans,  452,  453 

solutions.  Boiling-point  of,  81 
Saturated,  432 
Solubility  of  gases  in,  71,  72 

Supposed  component  of  metals,  14 
Saltcake  furnace,  160,  161 
Siltpetre,  see  Potassium  nitrate 
Salts,  19,  44,  45,  92 

acids  and  bases,  414,  415 

Dissociation  of,  93 

Double,  414 

Double  decomposition  of,  93,  94 

Molecular  weight  of,  80 

Mixed,  414 

Neutral  and  basic,  423 

Nomenclature,  415 
Salviati,  497 
Samarium,  401,  604 
Sampling  coal,  371 
Sand  filters,  668 
Sanne,  130 

Santorino,  Terra  di,  583 
Saponification,  92 
Sapphire,  667,  671 
Sarazon,  190 
Sassolino,  405 
S'lturated  molecules,  47 

salt  solutions,  432 
Saturation,  19,  45,  96,  97 

Capacity  for,  46 
Saturator,  474 
Sauria,  316 

Savalle  rectifj^ng  column,  324 
Sbertoli,  527 
Scagliola,  497 
Scandiam,  604 
SchafFner.  468,  473 

-Helbig  process,  473 
Scheole,  16,  18,  138,  142,  173,  179,  287,  289, 

313,  330,  456,  468 
Scheelite,  622 
Schenck,  112,  317 
Schonilowa,  215 
Schiff,  R.,  81 
Schindowsky,  668 
Schinzel,  561 
Schlippe's  salt,  355 
Schloaing,  146,  301,  307 
Schlosing's  reaction,  334 
Schmidt,  E.,  180 

electrolytic  cell,  136 

I.  C,  291 
Schnabcl,  654 
Schneider,  276 
Schnorf  Sohne,  647 
Schnvt^n,  137 
Schotler  kilns,  593 
Schonbein,  67.  142,  183,  184,  188,  247 

and  HcHsherger,  306 
Schonher,  286 
Schonite,  526.  527 
Sohoop,  M.,  570 
Schoop's  cell,  136 
Schott,  536 
Schroder,  276,  277 

Grillo  process,  281,  282 
Schroter,  312 
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Schrotter,  315 

Schuckert  and  Co.'s  cell,  136.  182 

Schuder,  215,  216 

Schuller  and  Wartha,  59 

Schulze,  330 

Schumann's  volumeter,  201 

Schiitz  liquid  carbon  dioxide  proccBP,  386-388 

Schiitze  acid  elevator,  264 

Schwankhald,  156 

Schwarz,  Valentiner  and,  340,  342 

Schwarzenberg  tower.  271 

Schweinfurt  green,  351 

Schweitzer's  reagent,  549 

Sckumberg,  215 

Scopoli,  156 

Sea  salt,  452,  453 

Seamann,  Hurry  and,  694 

Sebold.  317 

Second  group  of  metals,  486 

Second  law  of  thermodynamics,  52,  60 

Secondary  electrolytic  products,  420,  421 

reactions,  64 
Sedimentation  of  colloids,  102,  103 
Sefstrom,  356 
Seger  cones,  575,  576 
Selenates,  286 
Selenic  acid,  286 
Selenides,  240 
Selenious  anhydride,  286 

chloride,  240 
Selenite,  496 
Selenit«s,  286 
Selenium,  172,  201-203 

dioxide,  286 

Prices,  203 

Properties,  201,  202 

tetrachloride,  240 
Self-tempered  steels,  640 
Selligne,  392 

Semet-Solvay  coke  ovens,  367 
Semimetals,  16 

Semipermeable  membranes,  77,  102 
Senarmontite,  354 
Septic  tanks,  223,  224 
Serpentine,  524 
Sotting  of  cement,  106 
Sevdne,  317 
Sewage  farms,  22,  223 

Testing  purified,  224 

Treatment  of,  106,  222-224 
Sewerin,  289 
Shields,  117 

Sicilian  sulphur  industry,  194,  195 
Siderite,  627,  648 
Sicdentopf,  103 
Siemens,  295,  644 

Fr.,  499,  502 

W    563 

and  Halske,  188.  216,  217,  303,  318,  319, 
356,  504,  606 
copjx^r  process,  545,  546 

gas,  393 

ozoniser,  187 

producer,  500-50 1 

regenerative  furnace,  367,  500-502 
Siepermann,  437 
Sieves,  Sizes  of,  512 
Silbermann,  58 
Silica,  399,  400 
Silicic  acid,  400 

Colloidal.  103.  104,  105 

anhydride,  399,  400 
Silieides,  376 
Silicobronzc,  547 


Silicobromoform,  398 
Silicochloroform,  398 
Siliooiodoform,  398 
Silicomethane,  397 
Silicon,  124,  133,  375,  376 

Atomic  heat.  109,  110 

bromide,  398 

carbide,  398,  399 

dioxide,  399,  400 

disulphide,  401 

fluoride,  157,  398 

hexachloride,  397 
ehexaiodide,  398 

hydride,  397 

iodide.  398 

monoxide,  400 

nitride,  401 

oxy chloride,  398 
^tetrachloride,  397,  398 
Silui!idum,  399 
SUver,  553-557 

azide,  558 

bromide,  557 

chloride,  557 

coinage,  556 

extraction,  553-556 

fluoride,  138,  557,  558 

iodide,  113,  567 

nitrate,  568 

nitrite,  558 

oxide,  557 

peroxide,  567 

plate,  547 

Properties,  556,  557 

salts.  Electrolysis  of,  101 

Statistics  and  priceB,  557 

sub-bromide,  559 

suboxide,  557 

sulphate,  658 

sulphite,  558 
Simon,  202 
Simple  weight,  661 
Sinding-LaVsen,  147,  446 
Singer,  395 

Six  crystalline  systems.  111 
Sixth  group  of  metals,  619 
Size  of  pores,  79 
Slag  cement,  697 

Slaked  lime,  see  Calcium  hydn>xide 
Smalt,  318 
Smaltine,  654 
Smeaton,  630 

J.,  584 
Smidth,  F.  L.,  588,  592,  593,  594 
Smith,  W.,  202 

Russel  and,  280 
Smithsonite,  530,  532 
Smyth,  233 
Snelus,  637 

Society  ossidrique  fran9ti8e,  136 
Soda,  see  Sodium  carbonate 

as  a  water  softener,  219,  220 

eryst'^ls,  468.  472 
Soddy,  122,  124,  125 
Sodium,  439,  440 

ammonium  phosphate,  485 

azide,  482 
bisulphate.  463,  464 

'borate,  479,  480 
bromide,  456 
carbonate,  467-478 

Ammonia -soda  process,  473-476 
Analysis,  478 
Applications,  476 
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Sodium  carbonate,  Cryolite  proctFs,  476 

Densities  of  solutions,  469 

Electrolytic,  476 

Leblanc  process,  468-473 

Properties,  468 

Statistics,  476-478 
chlorate,  456 
chloride,  452^56 

Analysis,  452 

Applications,  455,  456 

Extraction  of,  452^54 

Mining,  452 

Properties,  454 

Statistics,  454,  455 
cyanide,  435 
dicarbonate,  478,  479 
dichromate,  621 
disulphate,  463-464 
disulphite,  464,  465 
ferriaquapentacyanide,  651 
hydrogen  sulphate,  463,  464 
hydrosulphide,  466,  467 
hydrosulphite,  465,  466 
hydroxide,  441-452 

Applications,    prices    and   statistics, 
451,  452 

Chemical  manufacture,  441-444 

Electrolytic,  444-451 

Properties,  441 

solutions.  Table  of  specific  gravities, 
445 
hypochlorite,  456-458 
iodate,  456  * 

iodide,  456 
Manufacture,  439 
metaphosphate,  479  ^ 
metazirconatc,  492 
monoxide,  440 
nitrate,  458 

Analysis,  459,  460 

Applications,  and  prices,  459 
nitrite,  460,  461 

Production,  461,  462 
nitroprusside,  652 
perborate,  480,  481 
pgroxide.  440.  44 
psrsulphafe,  466 
phosphates,  479 

properties,  440 
palysulphide,  467 
pyra'ntimonate,  355 
pyrophosphate,  479 
salts,  Reaction  of,  482 
sesquicarbonate,  478 
silicate,  481 
stannite,  608 

/.sta unite,  608 
sulphantimonate,  355 
sulphate,  461-463 

Applications,  prices,  statistics,  463 
Electrolytic  decomposition,  45 
Properties,  462,  463 
sulphide,  466,  467 
sulphite,  464 
tetraborate,  479,  480 
thiosulphate,  465 
vanadate,  356 
zeolith,  667 
zirconate,  402 
Soffioni,  405 
iSoft  steel,  628 
Solar  heat,  6 
Solder,  607 
Solfare,  195 


Solf  atari,  195 
Solid  solutions,  112 
state,  106,  112 
Solidifying  point  of  alloys,  412,  413 
Sols.  102 

Metallic,  105 
Solubility,  Coefficient  of,  70,  71 
curves,  432 
of  gases  in  salt  solutions,  71,  72 

liquids,  70-72 
product,  552 
Soluble  glass,  400,  481 
soda  glass,  481 
potash  glass,  437 
Solution,  Heat  of,  60 
tension,  420,  421 
Solutions,  Boiling-points  of,  207 
CoUoidal,  102-106 
Dilute,  77-101 
Dissociation  of,  91-101 
Solid,  112 

Theory  of,  86,  88-90 
Solvay,  145,  146,  147,  295,  324,  436,  441,  447 
alkali  process,  473-476 
column  (absorber),  474,  476 
Solvay's  hydrochloric  acid  process,  164,  165 
Solvents,  Action  of  two,  90 
Soncini,  186,  188 
Sorbite,  643 
Sorbv,  410,  641 
Soref,  253 

cement,  527 
Soret,  185 
Sosso,  P.,  684 
Sound  transmission,  5 
Sparks  from  steels,  640,  641 
Spathic  manganese  ore,  624 

zinc  ore,  532 
Specific  conductivity,  99, '41 7 

depression  of  freezing-point,  87 
gravity  of  liquids,  72-76 
solids,  107 
water  (table),  73 
heat  of  metals,  409 

solids,  107-110 
heats  of  gases,  49-53 
liquids,  76 
monatomic  gases,  49 
resistance,  417 
volume,  41,  72 
Spectra,  Absorption,  55-57 
Continuous,  53,  54 
Emission,  54-56 
Influence  of  magnet  on,  125 
of  liquids,  76 
Spectroscope,  54-56 

Spectroscopic  constants  of  elements,  120 
Spectroscopy,  53-57 
Spectrum  of  radium,  122 
white  light,  53 
Solar,  66,  57 
Specular  iron  ore,  627 
Speculative  natural  sciences,  2 
Spencer,  653 
Spent  oxide,  650 
Spiegeleisen,  634 
Spinelles,  572 
Spirek,  535 
Spitta,  224 

Spontaneous  combustion,  175 
Sprengel,  507 
Sprengd's  pyknometer,  73 
Spring,  4 
Spring's  process,  103 
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Squire,  273,  276,  277 

Stadel,  185 

Stadeler,  157 

St&dtereinigtingsgesellschaft  Wiesbaden,  221, 

Staedel,  237 

Stahl,  15 

Stamp  mill,  513 

Standard  of  atomic  weights.  Oxygen  as,  120 

Standfort,  153 

Stannic  anhydride,  608 

chloride,  609 

compounds,  607 

hydroxide,  608 

oxide,  608 

sulphide,  608 
Stannous  chloride,  608 

compounds,  607 

hydroxide,  608,  609 

oxide,  608 

sulphide,  610 
Starck,  273,  275,  276,  277 
Stas,  20,  119,  120,  208,  225 
Stassano,  639 

furnace,  639 
Stassfurt,  142,  147,  149 

deposits,  424,  425 

salts,  148 
Statuary  bronze,  647 

marble,  492 

porcelain,  577 
Staudenmayer,  203 
Steam  boilers  in  sulphuric  acid  works,  266 

engines.  Use  of  sulphur  dioxide  in,  243 

Physical  constants  of,  206 
Steel,  635-^1 

Bessemer,  637 

Cast,  638 

Cementation,  638 

Electric  manufacture,  638,  639 

Manufacture,  635-639 

Martin,  637,  638 

Open-hearth,  637,  638 

Recognition  of,  by  sparks,  640,  641 

Uses  and  properties  of  various  types  of, 
639,  640 
Steinbach,  W.  M.  Fischer  and,  461 
Steno,  110 
Stonolytes,  94 
Stephan,  81 
Stereoisomers,  120 
Sterilisation  of  water,  215-217 
Stem,  E.,  585 

Stevenson  and  Williamson,  468 
Stibnite,  255 
Stickney,  199 
Stickstoffkalk,  310 
Stohmann,  59,  72,  507 
Stoichiometric  values,  21 
Stoichiometry,  19-21 
Stoneware,  577 

coils,  341 
Stoklasa,  302 
Strass,  498 
Strohmeyerite,  553 
Strontianite,  520 
Strontium,  520 

Atomic  weight.  111 

carbonate,  520 

chloride,  520 

hydroxide,  620 

nitrate,  520 

oxide,  520 

peroxide,  520 

sulphate,  520 


Struve,  228 

Staber,  224 

Stucco,  497 

Stutzer,  288 

Sublimation  of  iodine,  154 

Substances,  1 

Suooessivo  reactions,  Law  of,  70 

Suction  eas,  393 

Sugar  solution.  Behaviour  of,  77-78 

SuTphamic  acid,  285 

Sulphamide,  285 

Sulphantimonic  acid,  355 

Sulphides,  238,  239 

Sulphites,  246 

Sulphonic  group,  285 

Sulphonitronic  acid,  253 

Sulphotetramminoplatinum  hydroxide,  656 

Sulphur,  172,  189-201 

AUotropic  forms,  189-192 
Analysis,  201 

as  supposed  constituent  of  metals,  13 
Atomic  heat,  10 
bromide,  240 
burners,  258,  259 
Catalysts  producing,  273 
Chemical  properties,  192 
Commercial  varieties,  193 
dichloride,  240 
dioxide,  241-246 
Analysis,  242 
Applications,  243 
Chemical  properties,  242 
Dielectric  constant,  92 
ice  machines,  233 
Industrial  preparation,  243-245 
Laboratory  preparation,  241 
Liquefaction  of,  27 
Physical  properties,  241,  242 
Preparation  of  liquid,  245,  246 
Prices  and  statistics,  243 
Extraction,  195-199 
Ground,  200 

Halogen  compounds  of,  240 
heptoxide,  286 
hexafluoride,  240 
Liver  of,  434,  435 
matches,  316,  317 
monochloride,  240 
Physical  properties,  189-192 
sesquioxide,  247,  274 
Statistics,  prices,  &c.,  193-195 
tetrachloride,  240 
Transformations  of,  61,  190-192 
trioxide,  273-275 

trioxide.  Catalytic  production  of,  68 
Industrial  manufacture,  276-284 
Properties,  273-275 
Uses,  192 

Winnowed,  200,  201 
Sulphuric  acid,  247-272 

Aminoderivatives,  285 
Analytical  control  of  manufacture. 

271,  272 
Applications,  249 
as  solvent,  88 

Chemical  properties,  248,  249 
Chloroanhydrides  of,  284,  285 
Concentration,  268-271 
Cost  of  plant  and  production,  272 
production      of      contact       and 
chamber,  284 
derivatives,  284-286 
Fuming,  275-284 
Manufacture,  254-272 
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Sulphurio  acid  Manufacture,  Yields,  272 
Monohydrate,  247,  271 
Physical  properties,  247,  248 
Preparation,  250,  252 
Purification,  271 
Besistance  of  metals  to,  249 
Specific  gravity  table,  251 
Statistics,  249,  260 
Theory  of  formation  in  lead  chamber, 

252-254 
Vapour  tension  of  water  in,  248 
SSuipnurimeter,  201 
Sulphurous  acid,  246,  247 
Sulphuryl  chloride,  285 
Sun,  Elements  in,  57 
Superphosphate,  510 
Analysis,  510,  511 
dens,  614 
Double,  517 
Drying,  516,  517 
Manufacture,  511-ol7 

Theory  of,  509,  510 
mixers,  514 
pits,  514 

Prices  and  statistics,  617-619 
Superposed  crystals,  111 
Surface  tension,  80,  81 

Siirth's  liquid  carbon  dioxide  process,  383-386 
Suspensoids,  102 
Suyden,  Ireland  and,  325 
Svanberg,  35 
Swedish  matches,  317 
Symbols,  Chemical,  41--43 
Sympathetic  ink,  654 
Syntnesis,  44 
Sylvine,  424,  428 

Table  of  atomic  weights,  42 

specific  heats  of  gases,  51 
Tachiolo,  216,  557 
Tait,  119,  185 
Talbot,  54,  558 

open-hearth  furnace,  638 
Talc,  524,  529,  577 
Tammann,  81,  112,  413 
Tangential  lead  chambers,  261,  262 
Tanks,  210 
Tanning,  106 
Tantalic  acid,  356 
Tantalit«,  356 
Tantalum,  356 
.     chloride,  356 

fluorides,  356 

hydride,  367 

lamp,  357,  404 

nitride,  356 

pentoidde,  357 

Pure,  357 

tetroxide,  357 
Tar  from  coke  ovens,  366 
Targioni,  Averani  and,  358 
Tartar  emetic,  354 
Taylor,  146,  396 
Telluric  acid,  287 

anhydride,  287 
TeUurium,  172,  203 

dichloride,  240 

dioxide,  286,  287 

tetrachloride,  240 
Tellurous  acid,  287 
Temper  of  steel,  635 
Temperature  and  reaction  velocity,  67 

Displacement  of  equilibrium  by,  64 

Influence  on  chemical  reactions,  61 


Temperatures,  Critical,  27 
Temperatures,  Low,  29 

Measuring,  29 

of  flames,  128 
ignition,  129 
Tennant,  144,  466,  493 
Tenner  carbide  furnace,  504 
Tension,  Solution,  420,  421 

Surface,  80,  81 
Terbium,  401,  604 

Ternary  aUoy,  Fusibility  diagram  of,  413 
Terra-cotta,  577 
Terraglia,  577 

Tessid  du  Motay,  133,  181,  393,  403 
Tetramminooobaltipotassium  nitrite,  655 
Tetramminocobalt  salts,  655 
Tetraboric  acid,  406 
Tetrametaphosphoric  acid,  347 
Tetrathionic  acid,  285 
Tetravalent  metals,  605 
Textiles,  141 
Thaer,  607 
Inhales,  11 

Thallium  and  compounds,  603,  604 
Than,  40 
Thann,  277 
Thelen  pans,  471 
Thenard,  111,  234,  276,  616 

Gay  Lussac  and,  404 
Thenard's  blue,  654 
Thenardite,  461 
Theory,  Ionic,  91-101 

Thermal  balance  of  liquid  carbon  dioxide-pro- 
cess, 387,  388 

capacity  of  gases,  49-53 

tonality,  68 
Thermite,  569,  670 
Thermoohemical  equivalent,  68 
Thermochemistry,  57-62 

First  law  of,  60 

of  Hargreaves  hydrochloric  acid  process, 
164 

of  phosphorous  halogen  compounds,  330 

Second  of,  60 
Thermodynamics,  49-63 

First  law  of,  4 
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Thlosulphates,  286 
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amalgam,  607 
dioxide,  608 

Extraction  and  recovery,  605-607 
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dichloridc,  401 
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Triazoiodide,  328 
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Trithiocarbonic  acid,  397 
Trithioiiic  acid,  285 
Trona,  467 
Troost,  127,  184 
Troostite,  643 
Troostosorbite,  643 
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density  determination,  34-36 
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Varec,  148,  152,  163 
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Vicat,  584,  586 
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Ville.  G.,  301 
Vinci,  Leonardo  da,  14 
Violet,  314 
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Volt,  416 
Volta,  200,  316 
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pile,  134 
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Voltaic  series  ot  elements,  418-420 
Voltameter,  45 

Hofmann,  30 
Volume,  1 
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Energy  of,  26 

Specific,  41,  72 
Volumeter,  107 
Volumetric  analysis,  96,  97 
Volvic  Stone,  270 
Vortices,  Atomic,  119 
Vries,  de,  79,  80 

Waaoe,  21,  62,  93 
Wackenroder's  liquid,  286 
Wagner,  288,  309 

R.,  153 
Walter,  200 
Ward,  254 
Wartha,  59 
Washing  coal,  366 
Wasseralfinger  tubes,  632 
Water,  203-228 

Analysis,  214 

Artificial  mineral,  227,  228 

Automatic  plant  for,  220,  221 

Boiler  feed,  217 

Catalytic  formation  of,  68 

Chemical  properties,  207,  208 

Composition  of,  207,  208 

Dielectric  constant,  92 

Dissociation  of,  97 

DistiUed,  226,  226 
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Drinking.  211-214 
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wool  and  cotton  spinning,  218 
Formation,  130 

Thermochemistry  of,  60 
Function  in  electrolysis,  92 
gas,  129,  130,  133,  392,  393 
glass,  481 
Lake,  208,  212 
Natural  mineral,  226,  227 
Occurrence,  203,  204 
of  crystallisation,  208 
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Physical  properties,  90,  204-207 
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power,  416,  416 
Provision  of  potable,  209-214 
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DistiUation  of,  224,  226 
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Watts,  130 
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Wool  dyeing,  100 

Printing,  &c.,  141 
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dioxide,  402 

hydroxide,  402 

sulphate,  402 

tetrachloride,  402 

tetrafluoridc,  402 
Zsigraondy,  103,  105 
Zulkowski,  498 


IjaLLANTYNE  a  COMIMS'Y  LTD 

Taviktock  Stkeet  CoventGardkN 

London 


THIS  BOOK  IS  DUE  OK  THS  LAST  DATS 
STAMPED  BELOW 


AN  INITIAL  FINE  OF  26  GENTS 

WILL  BE  ASSESSED  FOR  FAILURE  TO  RETURN 
THIS  BOOK  ON  THE  DATE  DUB.  THE  PENALTY 
WILL  INCREASE  TO  80  CENTS  ON  THE  FOURTH 
DAY  AND  TO  $1.00  ON  THE  SEVENTH  DAY 
OVERDUE. 


jiN  «  ^m 

\ 

LD  21-100m-7;88 

YC  ^927 1 


